Ornamental stones surface finishing by pulsating jet: a project for an industrial application
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Abstract

The paper deals with a project developed to lead the application of pulsating jet technology for ornamental stone surface finishing from a research phase to an industrial level. The project is based on the financial support of the Regional Government of Sardinia – Italy and on the contributes of some Sardinian companies interested in the industrial developments.

Introduction

The use of high pressure plain water jets for ornamental stone surface finishing has been object of a number of research projects and its industrial application is state of the art (Bortolussi et al. 2002, Careddu et al. 2007 a and b). The advantages of the application are meanly related to the aesthetic appearance of the surface produced, which maintain a natural aspect putting into relevance the chromatic features of the minerals constituting the rock. On the other side the unit cost of the product obtained with that technology is very high compared to the costs of the traditional technologies like grinding, brushing and flaming (Primavori 1998) and its application presents all the classical disadvantages of the use of high pressure water jets (normally pressure is about 300 MPa) like high cost of equipment, heavy maintenance and energy incidence. 

A possible solution to reduce the operative costs maintaining the advantages related to the water jet technology is based on the application of pulsating jet technology.

That technology has been industrially developed during the last years (Foldyna & Švehla 2008) and its application for surface treatment of ornamental stones has been tested in the frame of a bilateral project between the Institute of Geonics of Academy of Science of the Czech Republic and the Institute of Environmental Geology and Geo-engineering of the National Research Council of Italy (Bortolussi et al. 2009, Klich et al. 2011). As shown in the following, the results obtained have been so interesting from both technical and economical point of view that such an application has been patented (Bortolussi et al. 2011).

The path to reach the industrial application goes through the manufacturing of a prototype of ornamental stones surface processing equipment, at an industrial scale, to study the best configuration of the different components like the rock slabs feeding system and the waterjet head handling unit.

For that purpose an industrial project has been developed, involving three Sardinian companies operating respectively in the electro-mechanical, stone processing machines commercial distribution and stone processing workshop field, and an application for the financial support of the Regional Sardinian Government has been presented.

Technical results

Tests have been conducted on Sardinian basalts and granites and on Italian and Indians marbles. 

The experimental plan included the variation of all the main operative parameters, like pressure, flow rate, stand-off distance, traverse velocity, with the aim of reaching the maximum productivity for each group of rocks. 

The standard test consisted in traversing the pulsating jet on the ornamental stone slab with consecutive parallel passes to cover all the surface to be treated. The results obtained have been evaluated qualitatively by a comparison with samples treated with the traditional technology and by considering the opinion of different workers in the sector. 

In Table 1 the results obtained in terms of productivity are reported with the corresponding main operative parameters. The pace is the distance between adjacent parallel passes. 

There are two values of productivity: the first is the net productivity obtained multiplying the traversing velocity by the pace; the second, within brackets, takes into account the time needed to move the nozzle holder transversally to go from one pass to the next.

The last productivity has been considered for all the industrial evaluation of the new technology.

Tab. 1. Pulsating jet technology applied to ornamental stones surface finishing: technical results 

	SAMPLE
	Nozzle Diameter [mm]
	Pressure [MPa]
	Flow Rate [l/min]
	Hydraulic Power 

[kW]
	Stand off Distance [mm]
	Traversing Velocity [m/min]
	Pace [mm]
	Productivity

(actual) [m2/h]

	BASALT
	2.05
	30
	32
	16
	40
	27
	19
	30.8 (25)

	GRANITE
	2.05
	30
	32
	16
	40
	12
	19
	13.7 (12)

	MARBLE
	2.05
	30
	32
	16
	40
	12
	19
	13.7 12)


According the opinion of the industrial and commercial expert of the field, the results obtained in terms of aesthetic appearance of the surface produced with the innovative technology are of higher quality compared with those obtained with the traditional technologies. In fact, when processing the surface with the water jets, the natural aspect of the rock is maintained and the chromatic relevance of each mineral phase is highlighted. In Figure 1, as an example, surfaces obtained with the pulsating jet technology in basalt, granite and marble (green) are illustrated. 
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Fig. 1. Slab surfaces processed by pulsating jet technology: (a) basalt, (b) granite, (c) marble

In Figure 2 a technical comparison between the traditional and innovative technologies is reported. The highest productivity is obtained by grinding, which is at the moment the technology more diffuse, followed by water jet (at high pressure) and then by pulsating jet.

A very important advantage offered by pulsating jet technology is the flexibility of the system; in fact with such technology it is possible not only obtain slab surfaces uniformly treated, but also realize particular paths to have different patterns, which is not possible with the other technologies. The second option requires a different type of handling system (multiple axis) and in that case the cost of the equipment will be higher.

Of course productivity is one of the main parameters affecting the following economical evaluation of the industrial application of the technology, but the added value of a particular kind of treatment can be also a key point. These aspects are to be evaluated and therefore the need for an industrial prototype.

Economical evaluation

To compare the unit cost in €/m2 obtained with the application of the traditional and innovative technologies, the costs considered for the pulsating jet technology are calculated taking into account the uniform processing of the entire slab surface, that requires a quite simple handling system configuration.

The costs of the traditional technologies have been obtained by market analysis.

To calculate the unit cost in case of pulsating jet technology the following assumptions have been made:
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Fig. 2. Productivity [m2/h] obtained with different traditional and innovative technologies on basalt, granite and marble

Fixed Costs

Plant cost: 
100.000,00 €

Depreciation charge (calculated on the base of 5 years, 220 working days/year, 8 working hours/day):
Cd = 11.4 /h
Operative costs

Power installed, including pressurizing system, pulsation generator system, rock slabs feeding system and the waterjet head handling unit: 
50 kW

Electric energy cost
0.14 €/kWh

Energy cost: Ce = 7 €/h
Water supply: 1.8 m3/h

Specific water cost: 0.62 €/m3
Water Cost: Cw = 1.2 €/h
Maintenance costs (10% of cost of energy plus depreciation costs): 

Cm = 1.8 €/h
Manpower cost: Cp = 20 €/h
The hourly total cost is

CHt= Cd + Ce + Cw + Cm + Cp = 41.4 €/h

The unit cost for each kind of rock is obtained by dividing the hourly total cost by the productivity.

The results are reported in Table 2.

Tab. 2. Unit costs of surface treatment by pulsating jets for different kind of ornamental stones

	Kind of rock
	Unit Cost [€/m2]

	Basalt
	1.6

	Granite
	3.5

	Marble
	3.5
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Fig. 3. Unit Costs [€/m2] obtained with different traditional and innovative technologies on basalt, granite and marble

The graph of Figure 3 shows the difference between unit costs relative to traditional and innovative technologies. Considering water jet and pulsating jet technologies unit costs, it is clear how much influent the costs of equipment, energy and maintenance are, leading in case of the first technology to a unit cost which is about 3 – 4 times higher.

The graph put also into evidence that the unit cost of pulsating jet technology is positioned between the costs of grinding and the costs of flaming and bush hammering. The market position of the new technology is then included in that range and, at least for the uniform treatment of surfaces, the only chance of success is to offer a better product which is worth the extra cost, especially in case of granite and marble, being for basalt the cost very close to the corresponding grinding cost.

Considering the application of the pulsating jet technology as a stylus to realize particular paths on the slab surface obtaining different patterns, and then different aesthetical compositions, there are not terms of comparison. In that case the cost of the equipment is higher, due to the higher handling system cost, but the prize of the product on the market should be also higher.

Just an example, Table 3 reports the unit costs for the three rocks in the hypothesis that the cost of equipment is 50.000 € higher and that the productivity is reduced to 50% because of a longer processing time.

Tab. 3. Unit cost of pulsating jet technology in case of slab surface drawing application for basalt, granite and marble.

	Kind of rock
	Unit Cost [€/m2]

	Basalt
	3.2

	Granite
	7

	Marble
	7


The economical convenience again depends on the appreciation of the final users which will determine the value of the products in the market.

Project description

As mentioned in previous paragraphs, the industrial application of pulsating jet technology for ornamental stone surface finishing leads to different kind of treatment. The processing level goes from a simple uniform treatment on the entire surface to the drawing of specific paths obtaining particular patterns. 

In the simple case of uniform treatment technical performances and costs are already figured, and the development of an industrial system seems to be not a very difficult tasks.

Besides that, a great opportunity of development is offered by the flexibility of the technology, that could be a very important added value in the industrial application.

To investigate all the chance offered by the technology, the proposed project is based on the manufacturing of an industrial prototype realized to explore all the possible solutions. The equipment will include a slab feeding system, a pressurizing system including the pulsation generator system, a cutting head multiple axis handling system, driven by a computerized cad/cam unit. Figure 4 shows a schematic representation of the equipment.

The industrial prototype will allow to reach different targets. The first one concerns the definition of all the industrial parameters setting and apparatus configurations suiTable with the industrial production of equipments for the uniform surface treatment of ornamental slabs. As already mentioned this first target is the base level of the industrial production and is the one to be considered for a comparison with the traditional technologies. In that case the characterization of the product (finished slabs) is already defined, at least qualitatively, and its probable market impact is figured with a good confidence, the equipment developed having a quite simple structure.

A second target regards the study of the industrial opportunities offered by the flexibility of the pulsating jet technology. In this case all the possible solutions have to be evaluated according to market appreciation and new production opportunities have to be investigated. That includes the production of particular patterns of slabs surface, the carving of particular draws on polished slab surfaces and the treatment in three-D. The market approval of the different products is the real issue, depending on their value and then the selling prize, affecting the economics of the business together with the costs of equipment, which could be considerable higher compared to the base configuration, due to the need of particular handling system.

As mentioned before the project will be developed with the contribution of three Sardinian companies believing in the future of the industrial application of the technology. The experience and competence of companies already operating in ornamental stone field is considered a critical point for the success of the project. The Sardinian Regional Government considers the last aspect as a basic requirement for supplying its financial support to the business venture. An application have been then presented to the competent offices of the Regional Government, with a good chance to obtain the financial support that is a key factor for the success of the project. 
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Fig. 4. Schematic representation, under different views, of the pulsating jet equipment for ornamental stones surface finishing.

Conclusions

The pulsating jet technology is relatively new and the field of application are not yet completely explored. One of that field relates with the surface finishing of ornamental stones. The outcome obtained in terms of technical results and economical analysis are very encouraging and the industrial application seems to be a consistent possibility.

The knowledge transfer from the research to the industrial level is a quite complicated task and requires the cooperation between research institution and industrial companies believing in the future of the project, willing to invest in it, and public funds helping its development. In the case examined both the requirements are satisfied so the expectation to reach the goal of the industrial application of the new technology is now something more than a simple dream.
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