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                                                                    Representative sampling for Precious and Base Metals from Recycled Materials.


                                                                M&W JAWO Sampling helps customers in the precious and base metals recycling industry with automated sampling machines and solutions for representative and consistent samples of their incoming recycled materials as well as for the processed materials…
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                                                                    Representative sampling for Mining.


                                                                M&W JAWO Sampling automated and representative sampling equipment and complete solutions provide mining customers with the data needed for their exploration and mining processes to decide where and how to mine to get the most from the deposit…
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                                                                    Representative sampling for Metals Refining & Minerals Processing.


                                                                M&W JAWO Sampling automated and representative sampling machines, equipment and complete solutions provide customers in metals refining & mineral processing with representative and consistent samples for quality analysis…
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                                                                    Representative sampling and instruments for Power Plants.


                                                                M&W JAWO Sampling extraction samplers, online instruments and fuel sampling solutions for power and heat plants provide customers with important real-time data by…
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                                                                    Representative sampling for Cement and Limestone.


                                                                M&W JAWO Sampling automated and representative sampling machines, equipment and complete solutions provide customers in the cement and limestone industry with representative and consistent samples for quality analysis…
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                                                                    Representative sampling for Fertilizer.


                                                                M&W JAWO Sampling automated and representative sampling machines, equipment and complete solutions provide customers in the fertilizer industry with representative and consistent samples for quality analysis…
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                                                                    Representative sampling for Oil & Gas.


                                                                M&W JAWO Sampling automated and representative sampling machines, equipment and complete solutions provide customers in oil and gas with representative and consistent samples for quality analysis…
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                    Precious and Base Metals from Recycled Materials

M&W JAWO Sampling helps customers in the precious and base metals recycling industry with automated sampling machines and solutions for representative and consistent samples of their incoming recycled materials as well as for the processed materials (output).

– For quality analysis of metals and production decisions (how and where to process and extract metals).

 

In a sector worth approx. USD 65 billion annually, precious and base metals recyclers are constantly on the look-out for more accurate sampling plans and equipment for more precise data as materials are very heterogeneous.

 

As a result, we have engineered a complete portfolio of products for your specific sampling needs:

 

	Primary samplers for determining quality and quantity of metals of incoming materials
	Secondary samplers and dividers for the division of large quantities of materials into smaller representative samples
	Inter-stage crushers
	Sampling transportation equipment (between sample stages)
	Combined and mobile sampling stations


 

Incoming recycled materials – M&W JAWO Sampling has installed sampling solutions for:

Shredded e-waste/ Car and Industrial catalysts (SIC & SAC)/ Industrial by-products such as slags, mattes, slurry, bottom and fly ash.

 

Processed materials – M&W JAWO Sampling has installed sampling solutions for:

Jarosite/ Anode Slime/ Gold & Silver/ Copper Scrap/ Copper Granules/ Copper-, Nickel- and Lead concentrate/ Lead Matte and Sulphates/ Platinum Group Metals (PGMs) from car catalysts and Silicon Carbide (from industrial catalysts).

 

Getting accurate and precise data of the total lot bought or sold, customers in the precious and base metals processing industry are able to:

 

	Verify whether they receive or sell products at the correct price 
	Whether incoming or processed metals meet contract requirements
	Monitor and optimize production and quality control process


 

M&W JAWO Sampling has since 2005 delivered automated sampling solutions to the precious and base metals from recycling for a number of customers and plants such as Umicore, Boliden, BASF, Arubis, Glencore Recycling, Johnson Matthey, Sims Recycling, Blue Oak Arkansas, Hindustan Platinum and many others.

 

M&W JAWO Precious and Base Metals Presentation

                    Show less

                

            

                                        
                
                    Mining

M&W JAWO Sampling automated and representative sampling equipment and complete solutions provide mining customers with the data needed for their exploration and mining processes to decide where and how to mine to get the most from the deposit.

 

Representative sampling for further analysis ensures that you avoid:

 

	Lower product quality than expected
	Not getting paid for the right ore quality
	Product forecasting problems
	Inefficient processes as a result of unexpected material properties
	Excessive use of high-grade ore and better control over mine lifetime


 

M&W JAWO Sampling has since the 1980s delivered automated sampling solutions to the mining industry for a variety of mining customers such as Glencore, LKAB, AngloGold Ashanti, Severstal, Baffinland, Boliden and Rio Tinto for materials such as e.g. iron ore, copper, copper concentrate, gold, titanium, coal, bauxite, potash and nickel, including the largest automated sampling solution ever installed in Europe for iron ore.

 

M&W JAWO Sampling Brochure
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                    Metals Refining and Mineral Processing

 

M&W JAWO Sampling automated and representative sampling machines, equipment and complete solutions provide customers in metals refining & mineral processing with representative and consistent samples for quality analysis.

 

Obtaining representative samples of the total lot is crucial as there otherwise is little point in having made significant investments in laboratory equipment and analytical competences.

 

From accurate and precise data of the total lot customers in mineral processing and metals refining are able to:

 

	Verify whether they receive or sell products which meet contract requirements
	Monitor and optimize production and quality control process
	Improve mixing and blending operations to obtain better end-products


 

M&W JAWO Sampling has since the 1980s delivered automated sampling solutions to the metals refining & mineral processing industry for a large number of customers such as Norsk Hydro, Arcelor Mittal, SSAB, Ma’aden, Outokumpu, Voest Alpine, Umicore, Boliden, Glencore Recycling, Posco and Alcoa for materials such as e.g. iron, steel, aluminium, ferrosilicon, zinc, ore, copper, copper concentrate, gold, nickel and precious metals from recyclables.

 

M&W JAWO Sampling Brochure
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                    Power and Heat Plants

 

M&W JAWO Sampling extraction samplers, online instruments and fuel sampling solutions for power and heat plants provide customers with important real-time data by:

 

	Measuring the fuel mass-flow allowing the operator to optimize the combustion process
	Obtaining isokinetic and representative fuel dust samples for particle size analysis for classifier optimization, mill state determination and fuel properties
	Providing online and real-time measurement of unburned carbon levels (UBC) in ash for better combustion, reduced fuel consumption and environmental costs
	Verifying that fuel received (coal or biomass) meets contract requirements (e.g. for moisture, ash content and particle size distribution)
	Monitoring and optimizing combustion efficiency in general


 

M&W JAWO Sampling has since the 1980s invented several ground-breaking extraction samplers and online instruments for the power and heat sector such as the Pulverized Fuel Sampler (rotoprobe) for isokinetic sampling as well as the world’s first online instrument for measurement of unburned carbon levels in fly ash.

 

More than 200+ power plants in 5 continents have installed M&W JAWO Sampling equipment for coal, different kinds of biomass and ash.

 

Utilities include Uniper, Drax, Ørsted, Fortum, Alliant, BHEL, NTPC, EdF, Enel, Engie and Iberdrola.

 

M&W JAWO Sampling Brochure

 

M&W JAWO Sampling Biomass Presentation

 

                    Show less

                

            

                                        
                
                    M&W JAWO Sampling automated and representative sampling machines, equipment and complete solutions provide customers in the cement and limestone industry with representative and consistent samples for quality analysis.

 

Customers use our equipment for sampling limestone, powder, clinker, slag and finished cement. Typical sampling focus areas include: Raw and finished products, at the loadout and custody transfer.

 

Representative sampling for further analysis enables you to:

 

	Get limestone with the features you expect in terms of purity (CaCO3 and Carbonates), unwanted impurities (K2O and MgO), grain size, reactivity after sintering (fast or slow) and potential for hard burning.
	Find the right correlation between properties of limestone, calcination parameters and  final properties of hydrated lime
	Determining the strength of lump lime
	For cement and concrete to determine abrasiveness (dust levels), unwanted additives (e.g. alkaline compounds, chromium, crystalline silica), water/cement ratio etc.


 

M&W JAWO Sampling has delivered sampling solutions to more than 350+ different projects in the cement, cement clinker and limestone industry since the mid 1980s. Customers have bought anything from complete sampling and preparation plants, on-stream systems as well as individual sampling extraction instruments such as screw conveyors, screw conveyors with mixing tanks and air slide samplers as well as sampling materials handling equipment like crushers, conveyors etc.

 

Customers include LafargeHolcim, Heidelberg Cement, Cemengal, Cemex, Boral, Siam Cement, Aalborg Portland and FLS.

 

M&W JAWO Sampling Brochure
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                    M&W JAWO Sampling automated and representative sampling machines, equipment and complete solutions provide customers in the fertilizer industry with representative and consistent samples for quality analysis.

 

From accurate and precise data of the total lot customers in the fertilizer industry are able to:

 

	Verify whether they receive or sell products which meet contract requirements in terms of quality, homogeneity and particle size
	Monitor and optimize production and quality control process
	Improve mixing and blending operations to obtain better end-products


 

M&W JAWO Sampling has since the 1990s delivered automated sampling solutions to the fertilizer industry for companies such as K+S Kali, K+S Potash Canada, Yara, Norsk Hydro, OCP, El-Nasr Co. For Intermediate Chemicals and Kemira for potash, urea, phosphatic fertilizer and other mineral fertilizers from magnesium and sulphur.

 

M&W JAWO Sampling Brochure
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                    Oil & Gas

 

M&W JAWO Sampling automated and representative sampling machines, equipment and complete solutions provide customers in oil and gas with representative and consistent samples for quality analysis.

 

Customers use our solutions for determining the physical properties and chemical constituents for primary and secondary products such as oil shale, green pet coke, pelletized sulfur.

 

Oil and gas customers/ refineries who have bought our automated sampling systems include Petrobas, Gazprom Neft and Saudio Aramco.

 

Furthermore, Mark & Wedell serves a number of customers in the oil & gas sector with the Annulus Pressure Relief System allowing for secure and simple oil and gas well stimulation up to 10,000 psi based on easily replaceable burst disc technology.

 

Customers include Aker BP, Shell, BP, Mærsk Oil & Gas (now Total), Itacha Energy and Hess as well as oil service companies such as Schlumberger and Stimwell Oil Services.

 

M&W JAWO Sampling Brochure
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                                           Introducing M&W JAWO Sampling.


                            
            Sampling Made Simple

M&W JAWO Sampling offers customers a full range of automated and customized machines, instruments, and complete systems for representative sampling of bulk material, powder, and dust particles for a wide variety of industries.

 

In addition, you get access to our 40+ years of experience through dialogue with our sampling-educated employees. We also offer services within Big Science and M&W Engineering, so whatever your needs are, Mark & Wedell offers professional manufacturing and engineering services.

 

Obtaining representative samples of the total lot before analysis is crucial – otherwise, there is little point in having made significant investments in laboratory equipment and analytical competencies.

 

What’s in it for you?

By operating our automated sampling solutions you are getting reliable knowledge about the properties of the material you buy, sell or produce enabling you to:

 

	Calculate the correct amount or value for each batch of material you receive or deliver – thereby reducing the risk of either overpaying or underselling
	For customers where larger or more expensive quantities of material are bought or sold, the economic impact of ensuring representative and consistent samples will be substantial.
	Confirm that you receive or sell products that meet contract requirements
	Monitor and optimize your production and quality control process
	Improve your mixing and blending operations to obtain better end-products
	Estimate the type and amounts of by-products from your processed or manufactured batches
	Document the environmental impact and/or pollution from your production
	By buying the right sampling solution you are likely to save a lot of money.


M&W JAWO Sampling Brochure – English version

                            
                    
                        M&W JAWO Sampling Brochure – Spanish version

 

M&W JAWO Sampling Brochure – French version

 

M&W JAWO Sampling Brochure – Russian version (coming soon)

 

You will be assured sampling solutions which produce consistent samples for your quality analysis – accurately and precisely representing the total lot from which it was collected.

 

As a result you get unbiased and reproduceable samples for international commodities such as aluminium, ash, bauxite, biomass, building materials, calcium, cement and cement clinker, coal, coke, copper concentrate, chromite ore, electro scrap, fertilizer, grain, granulates, iron ore/sinter/pellets, gold, industrial powders, lignite, limestone, heavy mineral sands, quartz, platinum, pot ash, rock salt, silicon and solid chemicals.

 

M&W JAWO Sampling is one of the global pioneers in the development and production of automated sampling equipment, instruments and whole system solutions since 1982. Read much more about Mark & Wedell here.

 

In 1999 Mark & Wedell acquired FLS JAWO Handling from FLSmidth and continued developing a range of specific sampling products. In 2019 Mark & Wedell integrated “M&W Asketeknik” (extraction samplers and instruments primarily for the power and heat industry) into the M&W JAWO Sampling business unit.

 

M&W JAWO Sampling equipment and sampling systems operate in accordance with approved international material standards such as ISO, ASTM, GOST, EN as well as DS3077 (2013).

 

All sampling equipment and solutions aim for compliance with the principles laid down in the Theory of Sampling (TOS) and gives you reliable knowledge of the material properties of your sample such as:

	Content grade
	Moisture content
	Mineral proportions
	Contamination
	Hardness
	Particle Size Distribution


 

Who else bought?

M&W JAWO Sampling has supplied more than 3,000 automated sampling solutions to more than 950 projects in 85+ countries within the mining, mineral processing & metals refining, oil & gas, power and heat generation, cement, fertilizer, recycling and waste handling, building materials, food and pharma sectors.

 

[Click here to see our full product range]
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                                    Sales Director
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                                    Bjarke Pålsson

                                    Co-CEO and Owner
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                                    Torben Ekvall

                                    Co-CEO and Owner
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                JAWO Sampling Solutions and Product Overview.


                    
                M&W JAWO Sampling is building the bridge between the Theory Of Sampling (TOS) and specific sampling products or a complete multi-stage sampling system for any customer who requires fully automated and high-quality representative sampling-solution.

Our multi-stage sampling systems consists of several individual customized products which are engineered, constructed and positioned together. This ensures a solution which meets international standards or even exceed them.

            

                                    
                                                                                                                                                                                                
                            
                                Solutions: Primary samplers in multi-stage sampling - 3 examples                            

                            
                            
                                

    
        
                                            


                    

        
            JAWO Sampling Solution – Bucket Sampler        

        
            How to do representative sampling of bulk material in a falling stream?

To ensure a representative sampling of bulk material, especially for materials with a high content of dust, the Bucket Sampler is the answer. 
        

    



    
        
                                            


                    

        
            JAWO Sampling Solution – Cross Belt Sampler        

        
            How to do representative sampling of bulk material from a conveyor belt?

To ensure a representative sampling of bulk material from a conveyor belt, the Cross Belt Sampler is the answer.        

    



    
        
                                            


                    

        
            JAWO Sampling Solution – Cross Stream Sampler        

        
            How to do representative sampling of bulk material in a falling stream from a conveyor belt?

To ensure a representative sampling of bulk material at the end of a conveyor belt, the Cross Stream Sampler is the answer. 
        

    

                            

                                                    

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
                            
                                Products: Primary Samplers                            

                            
                            
                                

    
        
                                            


                    

        
            Automated Truck & Train Sampling System        

        
            The Automated Truck & Train Sampling System (ATTSS) takes one or several representative and unbiased sample(s) of each incoming or outgoing truck or train load according to relevant sampling standards (ISO, ASTM, GOST etc.).
Can be used for virtually any type of bulk materials        

    



    
        
                                            


                    

        
            Cross Stream Sampler (CSS)        

        
            The Cross Stream Sampler (CSS) extracts a representative increment/cut of bulk material from a free-falling stream at the discharge point of a conveyor belt. Representatively of the increment is ensured by extraction of a complete cross section of the material stream.
        

    



    
        
                                            


                    

        
            Cross-Belt Sampler        

        
            The Cross Belt Sampler is the new and improved hammer sampler 
The Cross-Belt Sampler (CBS) is designed to take an increment/cut from bulk materials being conveyed on a conveyor belt. The cross sampler includes a fully enclosed housing that covers all moving parts thereby reducing spillage and increasing safety. M&W Jawo Samplings Cross Belt Sampler is a type of hammer sampler, with a optimsed design in order to ensure the obtaining of better representative samples.        
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                                Products: Secondary Samplers, dividers and splitters                            

                            
                            
                                

    
        
                                            


                    

        
            Virtual Adjustable Divider        

        
            The Virtual Adjustable Divider (VAD) is designed for representative mass reduction of bulk material. The VAD can be used for mass reduction of virtually any type of dry materials.         

    



    
        
                                            


                    

        
            Hopper Discharge Sampling System        

        
            The Hopper Discharge Sampling System (HDSS) is a stand alone sampling system, designed for representative sampling of bulk material. The HDSS can be used for sampling of virtually any type of dry material.        

    



    
        
                                            


                    

        
            Rotary Disc Divider (RDD)        

        
            The Rotary Disc Divider (RDD) is designed for combined dosing and representative dividing of bulk material.
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                                Products: Extraction Samplers & Online Analyzers                            

                            
                            
                                

    
        
                                            


                    

        
            Camsizer Online 30        

        
            The CAMSIZER ONLINE 30 is a state-of-the art, online particle analyzer designed for dynamic and real-time analysis of particles ranging from 30 µm to 30 mm.         

    



    
        
                                            


                    

        
            Camsizer Online 135        

        
            The CAMSIZER ONLINE 135 is a state-of-the art, online particle analyzer designed for dynamic and real-time analysis of particles ranging from 160 µm to 135 mm.        

    



    
        
                                            


                    

        
            Unburned Carbon Online Analyser – Biomass (UBC-3000)        

        
            The Unburned Carbon Online Analyser for biomass (UBC-3000) provides the operators with automatic and continuous online information about the amount of unburned carbon (UBC) in post-combustion fly ash from biomass as well as physical samples for further laboratory testing. The UBC-3000 utilizes microwave technology and can be placed in the flue gas duct close to the combustion zone allowing the information regarding burn-out efficiency to be used directly in the boiler control room. The UBC-3000 specifically developed for biomass fuels caters for the bigger and more varied biomass post-combustion fly ash particles compared to coal. The UBC-3000 uses a dual cell technology (reference chamber) which provides for very high measurement accuracy of UBC levels. Furthermore, the dual cell technology eliminates the use of temperature control and an air conditioner unit. The UBC-3000 is also available for installation in the hopper using a different extraction mechanism.        
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                                Products: Particle Size Reduction                            

                            
                            
                                

    
        
                                            


                    

        
            Twin Roll Crusher        

        
            The Twin Roller Crusher (TRC) is designed for flexible particle size reduction of soft to hard materials, which can be dry, or slightly wet and sticky. For materials such as coal, coke, cement clinker, limestone, gypsum, bauxite, salt, oil shale and different types of ores.         

    



    
        
                                            


                    

        
            Twin Roll Shredder (TRS)        

        
            The Twin Roll Shredder (TRS) is designed for shredding of soft and medium-hard materials – dry or slightly wet and semi-sticky. For materials such as wood chips, waste wood, cardboard, plastics, coal, electro-scrap and some metal waste like milling waste. 
The Twin Roll Shredder can be used as a primary, secondary or even tertiary crusher.


        

    

                            

                                                    

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
                            
                                Products: Material Transfer Equipment                            

                            
                            
                                

    
        
                                            


                    

        
            Vibration Feeder (VF)        

        
            The Vibration Feeder (VF) is designed for conveying and dosing dry non-sticky bulk materials such as pellets, granules or powders by means of vibrations. The unit can be integrated in any sampling systems where relatively small volumes of material have to be conveyed on a horizonal level. The VF is normally used to perform dosing of sampled material to further sample preparation.

        

    



    
        
                                            


                    

        
            Dosing Conveyor (DoC)        

        
            The Dosing Conveyor (DoC) is specially designed to transport high volumes of sample material and can be engaged in any of the steps of the sampling process. Contrary to a standard conveyor belt, the DoC has a design that ensures a minimum of spillage and correct dosing for instance into a crusher or a divider. The DoC can also be used to transport the rejected material back to the mainstream. 

        

    



    
        
                                            


                    

        
            Screw Conveyor (SC)        

        
            The Screw Conveyor (SC) is used for transportation of bulk materials from A to B by rotation of a screw (the auger principle). The material is transferred in a tube that ensures no spillage of material. The SC provides accurate dosing for instance into a crusher or a divider. The SC can also be used to transport relatively small volumes of reject material from sample preparation back to the mainstream.
        

    

                            

                                                            
                                    
                                        
                                            Show more                                        

                                        
                                            
                                        
                                        
                                    
                                

                                                    

                                                                                                                                                                                                                                                                                                                                                                                                                                                    
                            
                                Products: Mixers, Screens and Separators                            

                            
                            
                                

    
        
                                            


                    

        
            Vibration Screen (ViS)        

        
            The Vibration Screen (ViS) combines screening with conveying of sample material. It is designed for screening and horizontal conveying of bulk materials such as pellets and granules.
        

    



    
        
                                            


                    

        
            Gyratory On-Line Screen        

        
            The Gyratory On-Line Screen (GOLS) is designed for precise screening and subsequent measurement of particle size distribution in sample material based on gyratory motions. The GOLS works well with dry, dusty and grainy materials such as granules and different types of ore.         

    

                            

                                                    

                                                                                                                                                                                                                                                                                                                                                                                            
                            
                                Products: Sample magazines                            

                            
                            
                                

    
        
                                            


                    

        
            Sample Magazine (SM)        

        
            The Sample Magazine (SM) is designed to automatically fill sample buckets with bulk materials after the sampling process has been completed. The SM also act as a storage device since it has multiple buckets installed inside. The SM prevents cross-contamination and moisture loss of the samples gathered.

        

    



    
        
                                            


                    

        
            Sample Magazine Long (SM-L)        

        
            The Sample Magazine Long (SM-L) is designed to automatically fill sample buckets with bulk materials after the sampling process has been completed. The SM-L prevents cross-contamination and moisture loss of the samples gathered. The SM-L also act as a storage device since it has multiple buckets installed inside. The long version (SM-L) compared to the SM version enables a customized device with a larger buffer for both empty and full buckets.        

    



    
        
                                            


                    

        
            Mobile Sampling Container (MSC)        

        
            The Mobile Sample Container (MSC) is ergonomically designed to receive sampled material in large quantities, for easy transport to the laboratory or to a sampling preparation facility.         
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                                Control cabinets                            

                            
                            
                                

    
        
                                            


                    

        
            Control Cabinets-Central (CC-C)        

        
            The Control Cabinet-Central (CC-C) controls, powers and protects the machines and is the interface for the operator. The CC-C can also act as a junction box for all power and signal cables depending on configuration.        

    



    
        
                                            


                    

        
            Control Cabinets-Stand Alone        

        
            The Control Cabinet-Stand Alone (CC-S) controls, powers and protects the machines and is the interface for the operator. The CC-S can also act as a junction box for all power and signal cables depending on configuration.        

    

                            

                                                    

                                                                                                                                                                                                                                                                                                                                    
                            
                                Manpower & Services                            

                            
                            
                                

    
        
                                            


                    

        
            Electrical Engineering (EE)        

        
            Electrical Engineering (EE) is the classical discipline of designing switch gears, control cabinets, power cables etc. The EE at M&W has been an integrated part of the business from the very beginning. 

M&W has a dedicated team of inhouse electrical engineers that design, build and test the required electrical systems that complement the mechanical solutions. The design is based on our standardised concepts which take customers specifications into account. 

The M&W team of both electrical and automation engineers ensures a seamless integration, test and documentation of the entire electrical system. 

To perform the tasks above, M&W has a team of inhouse electricians that operate internally and externally at customer sites. Often, it is one of these electricians that act as a supervisor for electrical installation tasks at a customer site.        

    



    
        
                                            


                    

        
            Mechanical Engineering (ME)        

        
            Mechanical Engineering (ME) is at the core of M&W, especially within the disciplines of mechanics, dynamics, thermodynamics and structural analysis. M&W has a dedicated team of mechanical engineers that design, engineer, build, test and document the product/solution. The design is either based on our standardised concepts which takes customers specifications into account or can be a development of a prototype. M&W offers an A to Z solution, and thus after the engineering has been performed, a dedicated team of inhouse machine operators, metalworkers and blacksmiths ensure the entire mechanical production. After production, the M&W mechanical and electrical engineers test the entire product/solution before shipment. As per requirement, a factory acceptance test (FAT) is performed before shipment.         

    



    
        
                                            


                    

        
            Automation Engineering (AE)        

        
            Automation Engineering (AE) is the cornerstone of the manufacturing industry and at M&W it has been an integrated part of our business for decades. The goal of automation is to increase uptime, reduce defects and enable fully automatic operations. On a daily basis, this is helping our customers to optimize their operations and improve their profitability. 

M&W has a dedicated team of inhouse automation engineers that identifies opportunities for automation, instrumentation and IT solutions. The AE team designs and develops new products/solutions, performs tests internally and ensures the right documentation. Our AE team is trained proffesionally and their extensive experience enables them to perform both the supervision and commissioning globally at our customer sites. This guarantees that the solution lives up to the customer expectation, while ensuring an optimal fine-tuning.

M&W is committed to continue this journey and especially with Industry 4.0 we embark on new technologies to ensure that we are up to date and have competitive products.        
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                                                                                                                            Sibelco - Stjernøya (Altafjord) - Silica and Nepheline Syenite - 2022

                                                                                






                                    

                                                                        
                                                                                    






                                            


                                                                            

                                    
                                        M&W JAWO Sampling engineered, produced and supervised erection of an automated sampling system in combination with an XRF-analyzer installed on a conveyor belt. The solution had two-fold purposes: Obtaining physical and representative samples for further laboratory analysis in combination with real-time results from the XRF Analyzer of Nepheline Syenite.
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                                                                                                                            Kazakhmys - Shatyrkul-Zhaysan Copper Concentrator Plant - copper ore and concentrate - 2022

                                                                                






                                    

                                                                        
                                                                                    






                                            


                                                                            

                                    
                                        M&W JAWO Sampling supplied two sampling solutions for automated sampling of copper ore and concentrate at the new Shartyrkul-Zhaysan Copper Concentrator Plant near the Shartyrkul mine in Jambyl province of Kazakhstan. The sampling solution enables Kazakhmys to take representative samples of both the raw materials (ore) and the plant’s final product – copper concentrate.
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                                                                                                                            Aluminium Bahrain (Alba) - Aluminium Smelter - Calcined Petroleum Coke - 2022

                                                                                


                                    

                                                                        
                                                                                    


                                            


                                                                            

                                    
                                        Aluminium Bahrain (Alba), one of the world’s largest aluminimum smelters, commissioned a primary sampler for the purpose of representative sampling of calcined petroleum coke used in the process of aluminium melting.
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                                                                                                                            Premium Metals/ Rallah Group Co - Precious metals from recycled catalysts and electronic scrap - 2022

                                                                                


                                    

                                                                        
                                                                                    


                                            


                                                                            

                                    
                                        The Rallah Group commissioned a Hopper Discharge Sampling System including a Virtual Adjustable Divider for representative sampling of recycled precious metals to be used by Premium Metals in UAE. The solution consists of a 300 litre receiving hopper incl. a vibration feeder for the transportation of material and a virtual adjustable divider including frame, platform, receiving bin and control cabinet.
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                                                                                                                            Boliden Port Pori Sampling Plant - Copper/Nickel Concentrate - 2022

                                                                                




                                    

                                                                        
                                                                                    




                                            


                                                                            

                                    
                                        M&W JAWO Sampling has supplied a complete sampling solution for automated sampling of copper- and nickel concentrate at the Port Pori Harbour facilities where Boliden.

By installing this receiving and sampling facility Boliden is now able to take automated samples upon arrival and before the material reaches the smelter in Harjavalta.
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                                                                                                                            LKAB Narvik - Europe's largest sampling system installed - iron pellets & fines  - 2022/23

                                                                                






                                    

                                                                        
                                                                                    






                                            


                                                                            

                                    
                                        M&W JAWO Sampling has delivered the largest automated sampling systems ever installed in Europe for LKABs two shiploaders in Narvik, Norway.

 

The combined two sampling solutions consists of more than 75+ individual machines and instruments of which M&W JAWO Sampling has developed and produced +95%. The LKAB Narvik sampling solution is the fourth sampling system produced and installed by M&W JAWO for LKAB.
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                                                                                                                            Recycling: 2021 sampling of received and processed recycled materials 

                                                                                










                                    

                                                                        
                                                                                    










                                            


                                                                            

                                    
                                        In 2021 M&W JAWO Sampling delivered several solutions to the fast-growing recycling industry including a full sampling solution for recycled wood chips as well as Rotary Tube Dividers incl. control panels for representative division of recycled precious metals.
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                                                                                                                            Cement: Strong growth in M&W JAWO sampling equipment sales to the global market in 2021

                                                                                










                                    

                                                                        
                                                                                    










                                            


                                                                            

                                    
                                        Due to strong global growth in the cement market (average expected growth of 5.1% in 2021-2028) M&W JAWO Sampling has in 2021 delivered sampling solutions to a high number of customers around the world including in the US, Vietnam, Indonesia and Finland.

For example screw samplers with mixing tanks (SMX) incl. local control panels extracting and mixing relatively standard material, customized sampling solutions for very fine powders and Cross Belt Samplers for sampling and veryfying properties of commodity inflows.
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                                                                                                                            Biomass: Continuous 2021 conversions of fossile fuels to CO2 friendlier biomass – M&W JAWO Sampling solutions in demand

                                                                                




                                    

                                                                        
                                                                                    




                                            


                                                                            

                                    
                                        In 2021 M&W JAWO Sampling continued building on its lead position as the worlds most experienced provider of sampling solutions for the biomass industry.

Both what regards large sampling solutions for ascertaining the moisture content and particle size distribution of received biomass as well as specifically engineered instruments for the measurement of fuel velocity and particle size distribution in fuel pipes.
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                                                                                                                            Mining: 2021 sampling equipment sales for mined materials booming

                                                                                










                                    

                                                                        
                                                                                    










                                            


                                                                            

                                    
                                        The 2021 mining boom has led M&W JAWO Sampling to engineer and manufacture sampling solutions for a variety of projects in countries such as Australia, Kyrgyzstan, Russia and Norway.

Two factors have driven the 2021 growth in sales of M&W JAWO Sampling products for the mining industry:

1: A general strong 2021 growth of 12.4% in the global mining market (rising commodity prices)

2: Increasing focus – as mined commodities are getting scarcer – to get more precise and representative data about what is mined and/or processed.
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                                                                                                                            Global Pharmaceutical Company – Customized Vezin Sampler – Medicinal powder – 2020

                                                                                












                                    

                                                                        
                                                                                    












                                            


                                                                            

                                    
                                        M&W JAWO Sampling was requested by a global pharmaceutical company to design and manufacture a specially made Vezin sampler for collecting representative samples of very fine medicinal powder for laboratory purposes. Everything was engineered and manufactured in-house

The solution should handle various quantities (lot sizes) and particle sizes (20-2000 microns).Furthermore, the electrical design should enable the sampler to collect representative samples with a cut frequency and in quantities determined by the operator from the LCP or remotely from the DCS.
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                                                                                                                            Duqm Refinery - EPC2 - Green Pet Coke - 2020

                                                                                


                                    

                                                                        
                                                                                    


                                            


                                                                            

                                    
                                        M&W JAWO Sampling was asked by PHB Weserhütte in Spain (part of the TSK group) to engineer and manufacture a complete automated sampling solution for green pet coke on behalf of the Petrofac/Samsung JV in Duqm Oman.

This was the fifth project concluded between PHB Weserhütte and M&W JAWO Sampling since 2013 – ranging from sampling of bauxite in Saudi Arabia, a coal fired power plant in Turkey, pelletized sulfur in Saudi Arabia and coal in Finland (at -40 C and ATEX zone 21).
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                                                                                                                            Aktobe Ferroalloys Plant - Quartzite, Anthracite, Bauxite and Coke – 2020

                                                                                






                                    

                                                                        
                                                                                    






                                            


                                                                            

                                    
                                        M&W JAWO Sampling has supplied two cross belt samplers to Aktobe Ferroalloys Plant (TNC Kazchrome) for sampling of coke, anthracite, bauxite and quartzite.

This project is part of a large-scale production upgrade at the plant’s unique smelting shop no. 4.
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                                                                                                                            Akbaky/Aktogay mines - Gold - 2020

                                                                                






                                    

                                                                        
                                                                                    






                                            


                                                                            

                                    
                                        Altynalmas is currently operating several mines at three different sites: Akbakai, Aktogai and Aksu. M&W JAWO Sampling has developed and supplied a customized sampling system for the Akbakai gold recovery plant.

The scope comprised design and supply of a novel vertical primary sampler and a sampling preparation system consisting of crusher, divider, conveyors and a multi compartment magazine for final samples.
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                                                                                                                            Boliden Harjavalta - Gold - 2020

                                                                                




                                    

                                                                        
                                                                                    




                                            


                                                                            

                                    
                                        Boliden Harjavalta is one out of five Boliden smelters located in south west Finland, close to the port on the Baltic Sea. M&W JAWO Sampling supplied the Harjavalta smelter with a complete automatic sampling system for gold.

M&W JAWO Sampling has been supplying the Boliden Group with 6 automated sampling systems for materials such as copper concentrate and copper, anode slurry, iron sand and gold.
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                                                                                                                            Elsinore Heat & Power Plant (HØK) - Automated Train & Truck Sampling System for wood chips - 2020

                                                                                












                                    

                                                                        
                                                                                    












                                            


                                                                            

                                    
                                        The Automated Truck & Train Sampling System (ATTSS) was installed as part of HØKs wish to replace a gas-fired boiler with wood chips from sustainable sources saving 80,000 tonnes of CO2 emissions annually.

The ATTSS was a complete turn-key delivery and took less than one year to complete.

 

It takes 4,700 individual and representative samples per annum from both front and back end of truck.

1% error in the moisture calculation means an economic loss of Euro/USD 150,000 per year. See our video overview by clicking read more.
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                                                                                                                            Hybrit Pilot Plant Luleå - Automated sampling solution for fossil free production - Steel - 2020

                                                                                


                                    

                                                                        
                                                                                    


                                            


                                                                            

                                    
                                        M&W JAWO Sampling constructed a complete automated sampling system for the HYBRIT pilot plant in Luleå for fossil free steel production in addition to a customized vezin sampler with the ability of extracting material from a chute at very high temperatures.

HYBRIT – short for Hydrogen Breakthrough Ironmaking Technology – is a joint venture between the three Swedish companies: SSAB, LKAB and Vattenfall, aiming to replace coking coal with hydrogen from electrolysis of water in the steelmaking process.
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                                                                                                                            Widnes Biomass Combined Heat & Power Plant – Waste Wood - 2020

                                                                                




                                    

                                                                        
                                                                                    




                                            


                                                                            

                                    
                                        M&W JAWO Sampling has supplied two cross stream samplers to Widnes Biomass Combined Heat and Power Plant (BWSC) for sampling of wood chips from waste wood.
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                                                                                                                            Hindustan Platinum - Representative division of recyclables - Platinum - 2019

                                                                                


                                    

                                                                        
                                                                                    


                                            


                                                                            

                                    
                                        Established in 1961, Hindustan Platinum is India’s leading manufacturer and refiner of precious metal products such as platinum alloy catalyst gauzes, palladium alloy catchment gauzes and silver gauzes.

In 2019 M&W JAWO Sampling delivered a rotary tube divider for the separation of samples as part of the process monitoring control. M&W JAWO Sampling delivered the first sampling equipment to Hindustan Platinum already in 2005.
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                                                                                                                            Asnæs Power Station - Automated Train & Truck Sampling System for wood chips - 2019

                                                                                












                                    

                                                                        
                                                                                    












                                            


                                                                            

                                    
                                        The Automated Truck & Train Sampling System (ATTSS) was installed due to Ørsted’s wish to replace power and heat production from coal with wood chips from sustainable sources.

The ATTSS was a complete turn-key delivery and took less than 1 1/2 year to complete.
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                                                                                                                            AMV4 - The world's largest fully automated sampling system for wood chips - 2019

                                                                                












                                    

                                                                        
                                                                                    












                                            


                                                                            

                                    
                                        M&W JAWO Sampling delivered the world’s largest fully automated sampling system for wood chips for the newly built AMV4 at Amager Power Plant – a 500 MW biomass CFB unit replacing unit 3 (coal fired).

The sampling system includes two 16 meter tall bucket elevators for reject material, 2 cross belt samplers, 4 screw conveyors, dividers, sample collectors with splitters and ancillary instruments.
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                                                                                                                            Turow Power Plant - 32 screw samplers - Coal - 2019

                                                                                




                                    

                                                                        
                                                                                    




                                            


                                                                            

                                    
                                        For the new 450MW lignite fired utility unit at Turow, it was decided to extract an ash sample from the electrostatic precipitator. To obtain a final sample that represents the entire precipitator, it was decided to extract a sample from each of the 30 ESP hoppers and the two Air Pre-Heater hoppers.

The hoppers are constantly kept empty during operation and M&W JAWO Sampling proposed to design a screw sampler with material intake in the top and with minimal fabrication tolerances to collect even the smallest particles.
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                                                                                                                            Voestalpine Texas - Automated sampling system (25+ sampling units) - Iron Pellets - 2019

                                                                                










                                    

                                                                        
                                                                                    










                                            


                                                                            

                                    
                                        M&W JAWO Sampling is delivering a complete automated sampling system comprising more than 25 different sampling units to Voestalpine Texas for representative sampling of received iron pellets. The iron pellets are used as raw materials in the manufacturing of HBI (hot briquetted iron).
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                                                                                                                            Studstrupværket - On-line measurement of unburned carbon - Biomass - 2019

                                                                                












                                    

                                                                        
                                                                                    












                                            


                                                                            

                                    
                                        Ørsted wanted to receive real-time and on-line measurements of the fluctuations of the level of UBC (unburnt carbon) in fly ash subject to variances in fuel input and changes in the combustion process at its Studstrup Power Plant. This information would enable Ørsted to further optimize the efficiency of the power plant as well as its fuel mix.
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                                                                                                                            Siniat - Cross Belt Sweeper for removal of tramp material - Concrete Lumps - 2019

                                                                                


                                    

                                                                        
                                                                                    


                                            


                                                                            

                                    
                                        M&W JAWO Sampling delivered a Cross Belt Sweeper to Siniat in Italy for removal of tramp material such as concrete lumps, iron pieces etc. from the conveyor belt.

The Cross Belt Sweeper is connected to a tramp material detector upstream the belt conveyor and pushes (sweeps) the tramp material off the belt as soon it enters the sweeper housing. A connected receiving chamber guides the tramp material to a lower located discharge point.
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                                                                                                                            Semirara Island - Coal - 2019 

                                                                                


                                    

                                                                        
                                                                                    


                                            


                                                                            

                                    
                                        For more than 10 years M&W JAWO Sampling has supplied the Semirara Mining & Power Corporation with automated sampling solutions.

M&W JAWO has delivered four complete sampling systems for their coal mining operations in 2009, 2011 and two in 2016 as well as individual sampling instruments. Our latest delivery was in 2019.
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                                                                                                                            REC Solar - Herøya - Silicon - 2019

                                                                                






                                    

                                                                        
                                                                                    






                                            


                                                                            

                                    
                                        After having acquired an automated sampling system from M&W JAWO Sampling in 2005 REC Solar needed a new system for their latest investment in the recycling process of silicon.

M&W JAWO Sampling delivered a customized and updated solution for REC Solars new production line in 2019.
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                                                                                                                            Turow Power Plant - Customised extraction screw connected to storage silo - Coal - 2019

                                                                                




                                    

                                                                        
                                                                                    




                                            


                                                                            

                                    
                                        In 2019 Eurosilo was supplying the Turow power plant with a customized storage silo. With desulphurization material flowing with +100t/hr through a very short vertical chute on top of the storage silo, there was a need to extract just a few kilos of material per day.

M&W JAWO Sampling produced a customised extraction screw with material inlet in the top and with a 180 degree rotating outer pipe of wear resistant material.
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                                                                                                                            Avedøre Power Plant - Particle Sampler - Biomass - 2018

                                                                                












                                    

                                                                        
                                                                                    












                                            


                                                                            

                                    
                                        In 2018 Ørsted wanted to have automatic samples of fly ash from the transport pipes before reaching the silo for laboratory purposes. M&W JAWO Sampling produced and installed the particle sampler (PS) as a result. A similar device was successfully installed at one of the units in 2015.

The particle sampler is an automatic sampling device, used for collecting physical dust samples from transport pipes, where the media is conveyed by pneumatic transport. The instrument is compatible with all kinds of dust and small-sized materials for all industries.
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                                                                                                                            Holcim Narogong and Tuban - Screw sampler mixing tanks (SMX) - Cement - 2018 

                                                                                




                                    

                                                                        
                                                                                    




                                            


                                                                            

                                    
                                        In 2018 M&W supplied two of PT Semen Indonesia’s (formerly owned by LafargeHolcim) cement plants in Indonesia, the Narogong and the Tuban Plant, with SMX sample extractors (screw sampler mixing tanks). PT Semen Indonesia who now owns Holcim, is the largest cement producer in ASEAN (Association of Southeast Asian Nations).
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                                                                                                                            Umicore Brazil - Guarulhos - Recycling - Precious Metals - 2018

                                                                                


                                    

                                                                        
                                                                                    


                                            


                                                                            

                                    
                                        M&W JAWO Sampling has supplied several samplers to Umicore in Brazil and around the world. Umicore Brazil manufactures a wide range of products, from car catalysts to recycling of electronics and metals.

A M&W JAWO Rotary Tube Divider – performing a representative division – is used in Umicore’s electro scrap handling facility.
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                                                                                                                            PT Borneo Indobara Coalmine - Coal - 2018

                                                                                




                                    

                                                                        
                                                                                    




                                            


                                                                            

                                    
                                        M&W Supplied two sampling systems with a cross belt sampler design by reference to ASTM standards, to PT. Borneo Indobara Coalmine in 2018. The mine has a permit for operations until 2036 and is currently being developed to be one of the largest mines in Indonesia.
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                                                                                                                            Baffinland Iron Mine - Iron - 2018

                                                                                


                                    

                                                                        
                                                                                    


                                            


                                                                            

                                    
                                        M&W JAWO Sampling supplied the automated sampling system as part of new materials handling system (processing, storage and transport of iron ore) delivered by ThyssenKrupp Canada with the aim of tripling the material handling capacity to 12 million tons of iron ore per year.
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                                                                                                                            Freeport Chemical Plant - Texas - Polymer - 2018

                                                                                










                                    

                                                                        
                                                                                    










                                            


                                                                            

                                    
                                        M&W JAWO Sampling supplied five special designed screw samplers for the filling stations for process control of super absorbent polymer to BASF Chemical Division’s plants in Freeport, Texas, USA. The Freeport site consists of 25 plants at which BASF manufactures e.g. acrylic monomers, polymers, caprolactam, dispersions and pigments.
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                    Why representative sampling?


                            	
                        Why representative sampling?
 click to readmore

                        
                            
                                Obtaining representative samples of the total lot before analysis is crucial – otherwise there is little point in having made significant investments in laboratory equipment and analytical competences.

 

Representative samples are critical for correct decision making based on analytical data for industry, trade, technology, science and regulators. However, there is a complex way from heterogeneous materials in lots such as truck loads, railroad cars, shiploads, stockpiles and on conveyor belts (in the kg-ton range) to the very small aliquot (in g-µg range), which is the only material that is actually analysed.  

 

Exactly how to get a documented representative analytical result across mass-reduction of up to six orders of magnitude is far from a direct materials’ handling issue. There are a number of specific principles and rules behind representativity as part of the Theory of Sampling (TOS)[1].  

 

The concept of TOS was originally developed by Pierre Gy who identified eight sampling errors which represent everything that can go wrong in sampling, sub-sampling (sample mass reduction), sample preparation and sample presentation—due to heterogeneity and/or inferior sampling equipment design and performance.  

 

During his 25 year career (1950-75) Pierre Gy worked out how to avoid committing such errors in the design, manufacture, maintenance and operation of sampling equipment and showed how their adverse impact on the total accumulated uncertainty could be reduced as much as possible when sampling in practice. He received two PhDs (in mineral processing and statistics) in the process[2]. Read more about TOS in the article by R.C.A. Minnitt and Kim H. Esbensen[3].

 

The purpose of sampling is therefore to produce a reliable small mass which is representative of the total mass of material from which it was collected i.e. to obtain a sample which accurately and precisely represents the total mass or lot. This primary sample is very often subject to further sub-sampling and sample preparation procedures, which ultimately produces an aliquot suitable for either laboratory analysis or physical testing. The type of testing or analysis is dependent on which characteristics are required for technological and industrial decision making. Regardless, the primary sampling is critical for the ultimate quality of the analytical results. 

 

Figure 1. below shows the key results from Replication Experiments made at Elkem Metal, Canada, which showed that 35% of the total sampling variance (where mistakes can occur throughout the full sampling process) occured during the phase of primary sampling and 50% during the crushing phases i.e. 85% of the total sampling variance occurred before pulverization and laboratory  analysis.

 

In other words: it is of extreme importance that you are in control of your primary and secondary sampling process before final analyzis. Otherwise you draw (wrong) conclusions from the non-representative samples.

 

Figure 1. Replication Experiment at Elkem Metal – Canada.





Source: https://www.spectroscopyeurope.com/sampling/revisiting-replication-experiment.

 

For more about Replication Experiments, see Part 1 and Part 2 of The Replication Myth by Kim H. Esbensen et al[4][5].

 

A specific sampling process can either be representative – or not. If a sampling process is not representative, the result is only extracted and undefined, mass-reduced lumps of material which do not represent the original lot; these are called “specimens”. 

 

However, specimens are not worth analyzing, as they will not give valid information about the composition and physical characteristics of the lot. Only representative analytical aliquots can reduce the combined sampling-and-analysis errors to a desired minimum.

 

Drawing the (wrong) conclusions from non-representative samples can have major negative production control and financial consequences when you buy or sell materials.

 

And you might as well save the costs of laboratory hardware and analysts: Garbage In = Garbage Out.





Sampling must be both accurate (unbiased) and precise (reproducible) at all stages throughout the sampling process. 





Source: http://www.statisticalengineering.com/Weibull/precision-bias.html 

 

A representative sampling process is critically dependent upon three factors: 

 

1: Unbiased and precise sampling equipment – demand clear and understandable documentation from your supplier. M&W JAWO Sampling is at your disposal to help.

 

2: TOS-informed sampling process design, installation and operation. Demand relevant documentation from your supplier. M&W JAWO Sampling is at your disposal to help.

 

3: Process staff & supervisors must possess a minimum of TOS-competence. If this does not exist in-house, request training and documentation from your supplier. M&W JAWO Sampling is at your disposition to help. 

 

[1] For background: “Introduction to the Theory and practice of sampling” by Kim H. Esbensen (IMPublicationsOpen 2020)

 

[2] “Pierre Gy (1924–2015): the key concept of sampling errors” (Spectroscopy Europe/Asia 2018)

 

[3] “Pierre Gy’s development of the Theory of Sampling: a retrospective summary with a didactic tutorial on quantitative sampling of one-dimensional lots” by R.C.A. Minnitt and Kim H. Esbensen, TOS Forum 7.

 

[4] “The Replication Myth 1” by Kim H. Esbensen et al, NIR News

 

[5] “The Replication Myth 2: Quantifying empirical sampling plus analysis variability” by Kim H. Esbensen et al, NIR News
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                                Representative sampling must be both accurate (unbiased) and precise (reproducible). In order to be representative, a specific sampling process shall only be using equipment that is designed to eliminate (or reduce maximally) sampling bias and which simultaneously increases sampling precision as much as possible. Here is the short explanation why:

 

All material sampling targets (lots) are heterogeneous, it is only a matter of degree. This means that different samples, even though extracted by the exact same protocol, will never be identical, which manifests itself as a basic, non-vanishing sampling variability. Heterogeneity is one of two major influential factors behind sampling variability (inaccuracy). The sampling process itself will also result in sampling error effects that add to the total sampling uncertainty. All sampling must therefore aim for maximum Total Sampling Error (TSE) reduction. In order to do this effectively, economically and with confidence, there are sampling equipment and process design principles which must be acknowledged and followed. These rules are codified in the Theory of Sampling (TOS).

 

M&W JAWO Sampling is at your disposition to help.





 

For homogeneous materials, there is no reason to worry about sampling – because any sample will be an exact representative sample of the lot (big/small).

 





However, ALL materials – at all scales – visible, or not – are heterogeneous.

 

Representative sampling is not as simple as buying a specific sampling tool (equipment) with which to sample any of the world’s materials. This will be futile. Despite many suppliers’ claim, there does not exist a “universal sampler” that will work for all materials and under all conditions because technological and industrial materials have very different compositional heterogeneities and other characteristics e.g. internal differences with respect to grain sizes , moisture, grain stickiness. But there exist professional solutions: most standard sampling equipment can be used in informed, TOS-compliant ways that can be made to work towards a state of “fit-for-purpose” representativity. This approach is called composite sampling.

 





 

Representative sampling is about mastering the necessary and sufficient TOS principles with which to make rational choices regarding the appropriate type of sampling tool and sampling protocol for a specific task, for a specific material, under customer-specific conditions. It takes professional competence and relevant experience to get all this right.

 

M&W JAWO Sampling is at your disposition to help.
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                                The method and frequency by which samples are collected and the resulting sampling accuracy, i.e. how closely collected samples represent the true characteristics of the target lot, depend on the nature of the material, particularly its compositional and distributional heterogeneity.

 

A homogeneous material would only require collection of a single sample in order to determine its characteristics accurately, whereas all heterogeneous materials with irregular particle size distribution and/or irregular constituent compositions, will require extraction of a sufficient number of small increments, which when combined into a composite sample, will be able to represent the total lot with an acceptable degree of accuracy. Increments must be collected from all spatial locations in the lot, with the number required critically depending on the material heterogeneity. TOS outlines the specific requirements that must be matched in order to be able to guarantee a specific threshold for fit-for-purpose heterogeneity.

 

For this to be possible it is of fundamental importance that all increments in the lot have the same probability of being included in the final sample. This is the “golden rule” of sampling, called the Fundamental Sampling Principle (FSP). To achieve this most effectively, wherever it is possible, it is desirable to sample the lot while it is in a dynamic state, i.e. when the lot is moving on a conveyor belt or in a duct/pipe as a continuous stream. Professional sampling equipment (and professional samplers) shall be able to sample both stationary (e.g. truck, train or pile) as well as moving (dynamic) lots in a documentable representative manner.

 

M&W JAWO Sampling is a specialist company, which has invested considerable time and practical efforts in understanding and combining mechanical & electrical design of individual machines/instruments/equipment and their interaction so as to match the materiel types sampled, with reference to relevant material standards and to the Theory of Sampling (TOS).
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                                Correctly designed sampling equipment and a representative sampling plan is necessary in order to obtain reliable knowledge of the material properties which is essential for commercial, operational and technical characterization. These properties are:

 

	Contents
	Moisture content
	Mineral proportions
	Contamination
	Hardness
	Particle Size distribution


 

A full sampling system solution takes care of the critically important primary sampling stage with an aim of attaining a fit-for-purpose representativity status. All subsequent sub-sampling stages comply with the same demands, ultimately delivering an analytical aliquot suitable for laboratory analysis.
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                        Practical benefits of representative sampling – “what’s in it for you”
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                                By operating our automated sampling solutions you are getting reliable knowledge about the properties of the material you buy, sell or produce enabling you to:

 

	Calculate the correct amount or value for each batch of material you receive or deliver – thereby reducing the risk of either overpaying or underselling
	Confirm that you receive or sell products which meet contract requirements
	Monitor and optimize your production and quality control process
	Improve your mixing and blending operations to obtain better end-products
	Estimate type and amounts of by-products from your processed or manufactured batches
	Document the environmental impact and/or pollution from your production
	For customers where larger or expensive quantities of material are bought or sold, the economic impact of ensuring representative and consistent samples will be substantial.
	By buying the right sampling solution you are likely to save a lot of money.


 

Note: It is important to resolve all potential issues related to primary sampling accuracy (sampling bias) before establishing a new, modifying or re-designing a specific sampling procedure. After this has been achieved, i.e. when a sampling procedure is developed or re-evaluated in combination with the continued use of all, or most of the sampling equipment recommended by M&W JAWO and for example checked by means of a full bias test or alternatively through a variographic or replicate analysis, the remaining final sampling uncertainty only has to deal with sampling precision.

 

General M&W JAWO Sampling procedure (variations occur reflecting different material heterogeneities):

	Define the quality parameter(s) i.e. the analyses of interest
	Delineate and prepare the lot (geometry, total mass, accessibility)
	Select equipment matching appropriate sampling accuracy demands; fully representative or fit-for-purpose representativity
	Set the remaining sampling precision required (for example 20% rel.)
	Estimate primary sampling variability VI for the selected quality parameter(s), and establish the number of sampling unit’s (m) required to reach the desired precision level with a minimum number of increments (n)
	For process sampling, define sampling intervals in minutes for time basis sampling, or in kg for mass-based sampling
	Ascertain the material nominal top particle size in order to determine the appropriate increment mass
	Determine the number of increments to be aggregated into composite samples (which is to be further sub-sampled)
	Determine optimal sample division (sub-sampling) in order to deliver an analytical aliquot mass
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                                In all methods of sampling, sample preparation and analysis, errors are incurred, and the analytical results for any given parameter will deviate from the true value of that parameter. While the absolute deviation of a single result from the “true” value cannot be determined, it is possible to make an estimate of the sampling precision. This is the closeness with which the results of a series of measurements made on the same material agree among themselves, and the deviation of the mean of the results from an accepted reference value.

 

The desired overall precision for a lot is normally agreed between the parties concerned. In principle it is possible to design a sampling scheme by which an arbitrary level of precision can be achieved.

 

The overall precision can be estimated using Equation 1 where:

 

	PL [%] is the estimated index of overall precision of sampling, sample preparation and testing for the lot;
	VI is the primary increment variance;
	VPT is the preparation and testing variance;
	n is the number of increments per sub-lot;
	m is the number of sub-lots in the lot.


 

Equation 1:

PL=2VIn+VPTm

 

If no previous sampling data is available, assumptions have to be made about the variability in order to devise a sampling scheme. After implementation of the sampling scheme, the precision actually achieved for a particular lot by the devised scheme can be measured.

 

If a given precision PL is required, the number of increments n and the number of sub-lots m can be found using Equation 2 and Equation 3 respectively. If necessary, one of the values (n or m) is fixed and another is recalculated until a convenient combination is achieved.

 

Equation 2: 

n = 4VImPL2-4VPT

 

Equation 3: 

m = 4VI+4n1VPTn1PL2
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                                The mass of each primary increment taken by a cross-stream sampler at the discharge from the conveyor belt can be calculated using Equation 4 where:

 

	C is the flow rate [t/h] on the conveyor belt;
	b is the cutter aperture width [mm] (b should be ≥ 3 times the nominal top size of the sampled material);
	VC is cutter speed [m/s].


 

Equation 4:

mI=Cb × 10-33,6vC

 

For a cross-belt (hammer) sampler, the mass of primary increment can be calculated using Equation 5 where:

 

	C is the flow rate [t/h] on the conveyor belt;
	b is the cutter aperture width [mm] (b should be ≥ 3 times the nominal top size of the sampled material);
	VB is the belt speed [m/s].


 

Equation 5:

mI=Cb × 10-33,6vB

 

During the design of the sampling system, increment masses that are close to those expected to be taken by the system can be used. After implementation of the sampling scheme, the precision of the result can be estimated and adjusted by increasing or decreasing the number of increments in the sample, keeping the same increment mass.
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                                Sample Division

 

To obtain convenient sample masses along the partway from lot to analytical aliquot, the sample is often divided into a number of equal smaller sub-samples, and a residual which is returned to the conveyor.

 

In order to facilitate a required division while retaining the representative nature of the sample, it may be necessary to crush the material. For this reason, a complete system for extraction of representative samples consists of multistage sampling, particle size reduction and division (sub-sampling) equipment. It is also sometimes beneficial to mix the resulting sub-samples thoroughly after each of these operations, to achieve even higher precision.

 

Minimum Mass of Sample

 

For most parameters, the precision of the result is limited by the ability of the sample to represent all the particle sizes in the material being sampled. There is a minimum mass of sample, dependent on the maximum particle size of the material, the type of analysis, the precision required for the parameter concerned and the relationship of that parameter to particle size. Such a relationship applies at all stages of preparation. The attainment of this mass will not, by itself, guarantee the required precision. This is also dependent on the number of increments taken to compound the sample and their variability.

 

Table 2: Minimum mass of sample (example: coal)
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                                Bias (or sampling bias):

A systematic error between the average analytical sampling result and the true lot concentration i.e. accuracy which originates from inaccurate (biased) sampling equipment and/or sampling processes which leads to results that on average are higher or lower than the true value. Elimination of the sampling bias is the first and key requirement to ensure that any sampling process is correct.

 

Cut:

An increment extracted by a sampler.

 

Composite (Gross) Sample:

A material sample consisting of all the primary increments taken from a sub-lot.

 

Division:

A sub-sampling process, in which the sample is divided into a number of smaller portions, with equal properties.

 

Lot:

The complete entity of original material targeted for sampling e.g. industrial batch, ship’s cargo, truck load etc. The lot refers both to the physical, the geometrical form and size as well as the characteristics of the material being subject to sampling and specifically its heterogeneity.

 

Nominal top size:

The smallest sieve opening on which not more than 5% of the sample is retained.

 

Precision:

Expressed in % and within 95% confidence level.

 

Primary Increment:

The amount of material which the primary sampling tool extracts from a material stream, or a stationary lot, in one cut.

 

Sub-lot:

Equally sized part of a lot, which properties are to be determined.

 

Sample:

The quantity of material consisting of all the increments taken from a lot/sub-lot. A representative sample retains the properties of the lot.

 

Specimen:

An extracted mass that is not a result of a representative sampling process. Specimens are not worth analyzing as they cannot give reliable representative information of the lot.
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                    Customer’s overall objectives are met by M&W JAWO Sampling.


                            
                                                        
                        
                            


                        

                        Ensures correct pricing of bulk materials (buying and selling)

                    

                                                        
                        
                            


                        

                        Quality control of traded goods and compliance with contracts

                    

                                                        
                        
                            


                        

                        Increase of operational efficiency and check of regulatory requirements

                    

                            

                
            

            

        

        
            


        

    

                                                                
        

        
            
                


            

        

    
                                                            
    

    
                    Selected M&W JAWO Sampling customers by sector.


                                        
                
                    





                

                
                    
                        Choose sector

                    

                    
                        
                            	Mining

	Metals & Minerals Processing

	Precious/Base Metals Recycling

	Fertilizers

	Aggregates & Building Materials

	Power & Heat Generation

	Cement

	Chemicals

	Oil & Gas

	Food, Pharma & Feedstuff
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        Materials we work with. 


                            
                                                        
                        
                            


                        

                        
                            Aluminium Florid (ALF3)


                        

                    

                                                        
                        
                            


                        

                        
                            Aluminium Oxide (Al2O3)


                        

                    

                                                        
                        
                            


                        

                        
                            Bauxite (Hydrous Aluminium Oxide)


                        

                    

                                                        
                        
                            


                        

                        
                            Biomass


                        

                    

                                                        
                        
                            


                        

                        
                            Calcium Carbonate (CaCo3)


                        

                    

                                                        
                        
                            


                        

                        
                            Cement


                        

                    

                                                        
                        
                            


                        

                        
                            Cement Clinker


                        

                    

                                                        
                        
                            


                        

                        
                            Chromite Ore (FeCr2O4)


                        

                    

                                                        
                        
                            


                        

                        
                            Coal (hard coal and brown coal)


                        

                    

                                                        
                        
                            


                        

                        
                            Coke (including green pet coke and pet coke)


                        

                    

                                                        
                        
                            


                        

                        
                            Copper Concentrate (Cu)


                        

                    

                                                        
                        
                            


                        

                        
                            Dust (Industrial, Biomass and Coal etc.)
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                            Ferrite (Ferrimagnetic Ceramic Compounds)
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                            Gold mineralization (Au)
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                            Iron (Fe) – iron chips, ore, pellets, scrap, sand, sinter and HBI
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                            Nickel Oxide (NiO), Nickel Sulphite (NiS)


                        

                    

                                                        
                        
                            


                        

                        
                            Peat
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                            Powders (pharmaceutical, industrial etc.)


                        

                    

                                                        
                        
                            


                        

                        
                            Precious metals mineralization
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                            Quicklime (burnt lime CaO)


                        

                    

                                                        
                        
                            


                        

                        
                            Rocksalt (NaCl)
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                            Sinter


                        

                    

                                                        
                        
                            


                        

                        
                            Slag


                        

                    

                                                        
                        
                            


                        

                        
                            Sulphur (S), Pelletized Sulphur


                        

                    

                                                        
                        
                            


                        

                        
                            Titanium (Ti) – Ilmenite ore


                        

                    

                                                        
                        
                            


                        

                        
                            Waste (Household, Industrial and Wastewater sludge)


                        

                    

                                                        
                        
                            


                        

                        
                            Wood Chips (virgin and waste)


                        

                    

                                                        
                        
                            


                        

                        
                            Wood Pellets


                        

                    

                            

            

                                                            
    

    
        


        

        M&W JAWO Sampling Distributors, Agents and Co-operation partners.


        
            

            

        

    


    
        
            
Distributors and Agents.


            
                                                    
                    
                        
                            Brazil


                            
                                Del Rey do Brasil


                                                                    Rodrigo D. Miranda

                                                            

                                                            
                                    R. Vila Rica, 825 - Ioja 2 - Padre Eustaquio
Belo Horizonte - MG, 30720-380
                                

                                                                                        
                                                                                                                        
                                                

                                                
                                                    rodrigo@delreyfiltros.com.br                                                
                                            

                                                                                                                                                                                                    
                                                

                                                +55 (31) 3462-9700
                                            

                                                                                                                                                                                            
                                            Website:                                             www.delreypartners.com
                                        

                                                                    

                                                    

                    

                                    
                    
                        
                            Bulgaria


                            
                                Interlink Agencies EOOD


                                                                    Venelin Tontchev

                                                            

                                                            
                                    Mladost IV, 480-1-21,
1715 Sofia, Bulgaria                                

                                                                                        
                                                                                                                        
                                                

                                                
                                                    venelin.tontchev@gmail.com                                                
                                            

                                                                                                                                                                                                                                        
                                                

                                                +359 884 835 999
                                            

                                                                                                                                                        
                                            Website:                                             www.oborudvane.eu 
                                        

                                                                    

                                                    

                    

                                    
                    
                        
                            China


                            
                                Tianjin Inventive Technologies


                                                                    Jack Wei

                                                            

                                                            
                                    Rm 917, Bldg F , Hi-tech Information Plaza, No. 8, Huatian Rd, Huayuan Industrial Park, Nankai District, Tianjin, China.                                

                                                                                        
                                                                                                                        
                                                

                                                
                                                    wj71@sina.com                                                
                                            

                                                                                                                                                                                                    
                                                

                                                +86 18920961601
                                            

                                                                                                                                                                                            
                                            Website:                                             www.tjinnova.com/
                                        

                                                                    

                                                    

                    

                                    
                    
                        
                            Finland


                            
                                Nordagent OY


                                                                    Mika Rantanen

                                                            

                                                            
                                    Tammistontie 10 A 3, FI-21110 Naantali, Finland                                

                                                                                        
                                                                                                                        
                                                

                                                
                                                    mika.rantanen@nordagent.com                                                
                                            

                                                                                                                                                                                                    
                                                

                                                +358 50 323 1988
                                            

                                                                                                                                                                                            
                                            Website:                                             nordagent.com
                                        

                                                                    

                                                    

                    

                                    
                    
                        
                            India


                            
                                TECHMARK Engineers & Consultants


                                                                    Rajeev Verma 

                                                            

                                                            
                                    2/5, Gupta Market , Lajpat Nagar- IV, New Delhi -110024 , INDIA                                

                                                                                        
                                                                                                                        
                                                

                                                
                                                    r.verma@techmark.co.in                                                
                                            

                                                                                                                                                                                                    
                                                

                                                +91 11 4657 0392
                                            

                                                                                                                                                                                            
                                            Website:                                             www.techmark.co.in
                                        

                                                                    

                                                    

                    

                                    
                    
                        
                            Indonesia


                            
                                P.T. Jantan Setia Sakti


                                                                    Robby Sugiarto

                                                            

                                                            
                                    BSD City, Ruko BIDEX,
Jl. Pahlawan Seribu No.7,
Lengkong Gudang, Kec. Serpong,
Kota Tangerang Selatan,
Banten 15321, Indonesia                                

                                                                                        
                                                                                                                        
                                                

                                                
                                                    robby-sugiarto@jssjakarta.co.id                                                 
                                            

                                                                                                                                                                                                    
                                                

                                                +62 21 5388308
                                            

                                                                                    
                                                

                                                +62 812 9500 727
                                            

                                                                                                                                                                                            
                                            Website:                                             http://jssjakarta.co.id
                                        

                                                                    

                                                    

                    

                                    
                    
                        
                            Indonesia


                            
                                PT. Mitra Abadi Teknik


                                                                    Rocky H.F Rumondor

                                                            

                                                            
                                    Japos Graha Lestari Blok B3 No.14, Jurangmangu Barat - Pondok Aren
                                

                                                                                        
                                                                                                                        
                                                

                                                
                                                    info@mitra-abadi-teknik.com                                                  
                                            

                                                                                                                                                                                                    
                                                

                                                +62 21 7303237
                                            

                                                                                                                                                                                                    
                                                

                                                +62 818190 459
                                            

                                                                                                                                                        
                                            Website:                                              www.mitra-abadi-teknik.com
                                        

                                                                    

                                                    

                    

                                    
                    
                        
                            Kazakhstan


                            
                                QAZSERVICE i-GROUP


                                                                    Gabidulla Nagimetov

                                                            

                                                            
                                    010000, Nur-Sultan, 
Koshkarbayeva av. 1/2, (BC "Downtown", Block "Manhattan"), 
office.204
                                

                                                                                        
                                                                                                                        
                                                

                                                
                                                    Email: sales@qsig.kz                                                
                                            

                                                                                                                                                                                                    
                                                

                                                Tel: +7 (7172) 95 51 11
                                            

                                                                                    
                                                

                                                Tel: +7 (7172) 95 55 81
                                            

                                                                                                                                                                                            
                                            Website:                                             https://qsig.kz/
                                        

                                                                    

                                                    

                    

                                    
                    
                        
                            Malaysia


                            
                                BAFE – Bulk And Fluids Engineering Sdn Bhd


                                                                    Hans BH Cheng 

                                                            

                                                            
                                    21, Jalan Cassia Selatan 3/3,
Taman Perindustrian Batu Kawan,
14110 Bandar Cassia,  Penang, Malaysia
                                

                                                                                        
                                                                                                                        
                                                

                                                
                                                    bhcheng@bafe.com.my                                                
                                            

                                                                                                                                                                                                    
                                                

                                                 +6 016-416 8979
                                            

                                                                                                                                                                                            
                                            Website:                                             www.bafe.com.my
                                        

                                                                    

                                                    

                    

                                    
                    
                        
                            Norway


                            
                                Retsch Norge AS


                                                                    Anders Pihl

                                                            

                                                            
                                    Trosseveien 15, 6963 Dale i Sunnfjord, Norge                                

                                                                                        
                                                                                                                        
                                                

                                                
                                                    anders@retsch.no                                                
                                            

                                                                                                                                                                                                    
                                                

                                                +47 91 32 84 57
                                            

                                                                                                                                                                                            
                                            Website:                                             www.retsch.no/
                                        

                                                                    

                                                    

                    

                                    
                    
                        
                            Poland


                            
                                GRC


                                                                    Boguslaw Zwolinski

                                                            

                                                            
                                    Porajowska 6,  54-107 Wrocław, Poland                                  

                                                                                        
                                                                                                                        
                                                

                                                
                                                    tp@grc.pl                                                
                                            

                                                                                                                                                                                                    
                                                

                                                +48  791 310 696 
                                            

                                                                                                                                                                                            
                                            Website:                                             grc.pl/
                                        

                                                                    

                                                    

                    

                                    
                    
                        
                            Sweden


                            
                                Holger Andreasen AB


                                                                    Mikael Öster

                                                            

                                                            
                                    Skvadronvägen 7a
702 27 Örebro
Sweden                                

                                                                                        
                                                                                                                        
                                                

                                                
                                                    m.oster@holger.se                                                
                                            

                                                                                                                                                                                                    
                                                

                                                +46 19 670 81 13
                                            

                                                                                                                                                                                            
                                            Website:                                             holger.se
                                        

                                                                    

                                                    

                    

                                    
                    
                        
                            Taiwan


                            
                                Chyuan Yu Ent. Co. Ltd


                                                                    Joe Wang 

                                                            

                                                            
                                    12F, No.496 Jiue-Min Rd. San-Min Dist., Kaohsiung City, 807 Taiwan, R.O.C                                

                                                                                        
                                                                                                                        
                                                

                                                
                                                    chyuan-yujoe@umail.hinet.net                                                
                                            

                                                                                                                                                                                                    
                                                

                                                +88 673847893
                                            

                                                                                                                                                                                            
                                            Website:                                             http://www.chyuanyu.com
                                        

                                                                    

                                                    

                    

                                    
                    
                        
                            United States


                            
                                Del Rey Partners


                                                                    Andre Doerfer

                                                            

                                                            
                                    14710 Park Almeda Dr., 
Houston, TX 77047 USA                                

                                                                                        
                                                                                                                        
                                                

                                                
                                                    sales@delreypartners.com                                                
                                            

                                                                                                                                                                                                    
                                                

                                                +1-832-817-4489
                                            

                                                                                                                                                                                            
                                            Website:                                             http://www.delreypartners.com
                                        

                                                                    

                                                    

                    

                                    
                    
                        
                            Vietnam


                            
                                CIMES


                                                                    Tuan Mai

                                                            

                                                            
                                    42 Đại Đồng, Thanh Trì, Hoàng Mai, Hà Nội, Vietnam                                

                                                                                        
                                                                                                                        
                                                

                                                
                                                    tuanmai@cimes.vn                                                
                                            

                                                                                                                                                                                                    
                                                

                                                +84 969.84.3579
                                            

                                                                                                                                                                                            
                                            Website:                                             http://cimes.vn/
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            We will contact you shortly!

        

        Ask a question or submit a request

        Please fill in an enquiry and we will contact you as soon as possible:

        






        


 














	
		Company Name*
		

	

	
		Industry*
		

	

	
		Name*
		

	

	
		Country*
Afghanistan
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antigua and Barbuda
Argentina
Armenia
Aruba
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Bonaire
Bosnia and Herzegovina
Botswana
Bouvet Island (Bouvetoya)
Brazil
British Indian Ocean Territory (Chagos Archipelago)
British Virgin Islands
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canada
Cape Verde
Cayman Islands
Central African Republic
Chad
Chile
China
Christmas Island
Cocos (Keeling) Islands
Colombia
Comoros
Congo
Cook Islands
Costa Rica
Cote d'Ivoire
Croatia
Cuba
Curaçao
Cyprus
Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
Ecuador
Egypt
El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia
Falkland Islands (Malvinas)
Faroe Islands
Fiji
Finland
France
French Guiana
French Polynesia
French Southern Territories
Gabon
Gambia
Georgia
Germany
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guernsey
Guinea
Guinea-Bissau
Guyana
Haiti
Heard Island and McDonald Islands
Holy See (Vatican City State)
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran
Iraq
Ireland
Isle of Man
Israel
Italy
Jamaica
Japan
Jersey
Jordan
Kazakhstan
Kenya
Kiribati
Korea
Kuwait
Kyrgyz Republic
Lao People's Democratic Republic
Latvia
Lebanon
Lesotho
Liberia
Libyan Arab Jamahiriya
Liechtenstein
Lithuania
Luxembourg
Macao
Macedonia
Madagascar
Malawi
Malaysia
Maldives
Mali
Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia
Moldova
Monaco
Mongolia
Montenegro
Montserrat
Morocco
Mozambique
Myanmar
Namibia
Nauru
Nepal
Netherlands
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
Northern Mariana Islands
Norway
Oman
Pakistan
Palau
Palestinian Territory
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn Islands
Poland
Portugal
Puerto Rico
Qatar
Reunion
Romania
Russian Federation
Rwanda
Saint Barthelemy
Saint Helena
Saint Kitts and Nevis
Saint Lucia
Saint Martin
Saint Pierre and Miquelon
Saint Vincent and the Grenadines
Samoa
San Marino
Sao Tome and Principe
Saudi Arabia
Senegal
Serbia
Seychelles
Sierra Leone
Singapore
Sint Maarten (Netherlands)
Slovakia (Slovak Republic)
Slovenia
Solomon Islands
Somalia
South Africa
South Georgia & S. Sandwich Islands
Spain
Sri Lanka
Sudan
Suriname
Svalbard & Jan Mayen Islands
Swaziland
Sweden
Switzerland
Syrian Arab Republic
Taiwan
Tajikistan
Tanzania
Thailand
Timor-Leste
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Turkey
Turkmenistan
Turks and Caicos Islands
Tuvalu
U.S. Virgin Islands
U.S. Minor Outlying Islands
Uganda
Ukraine
United Arab Emirates
United Kingdom
United States
Uruguay
Uzbekistan
Vanuatu
Venezuela
Vietnam
Wallis and Futuna
Western Sahara
Yemen
Zambia
Zimbabwe
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                Thank you. Download has started.

            

            Please fill in the information below to download brochure:
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