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For the development of a photocatalytic reactor on an industrial scale it was evaluated the degradation of hydrogen sulphide (H2S) from tests with different coatings based on TiO2. The surfaces formed with these coatings were structural and morphologically characterized by scanning electron microscopy with energy dispersive X-ray (SEM-EDX) and X-ray diffraction (XRD) analysis. The flow rate, inlet concentration of H2S, activation and deactivation times (saturation) were evaluated as performance parameters of the degradation reaction. Conversion rates were studied for different residence times (RT), with a conversion of up to 95 % for RT = 30 s.
Introduction
The use of photocatalysis using Titanium Dioxide (TiO2) in environmental decontamination area has received significant attention in the past few years (Scarsella et al., 2017; Ahmad et al., 2016; Boyjoo et al., 2017), and in this context gaseous pollutants treatment area has shown a greater industrial-technological development in relation to the other environmental applications of photocatalysis (Paz, 2010; Ochiai and Fujishima, 2012). Photocatalysis is an emerging technology for depollution because it is a process that has the potential to function at ambient temperatures and at low substances concentrations. Thus, photocatalysis by TiO2 presents several studies regarding the use and application in environmental area, mainly in relation to treatment and remediation of pollutants. It is possible to conclude that there is a certain predominance of photocatalysis use for the treatment of liquid-phase pollutants - water and effluent treatment - as evidenced by the works of Seynure et al. (2016) and Bekbolet et al. (1996). However, the use of photocatalytic processes for gas-phase pollutants has significant and expressive numbers, which reflects the feasibility when using this technology for the treatment of these pollutants as has been studied, for example, in Mammadov et al. (2017), Zhao (2018), Sarno and Ponticorvo (2018), Guillard et al (2007), Brancher et al. (2016), Sopyan (2007) and Alonso-Tellez et al. (2012).
But, the actual implementation of this technology suffers from some technical aspects, such as the costs associated with energy sources use for artificial radiation provision (Vaiano et al., 2017), lifespan of the materials used (Garcia et al., 2017) and others. Thus, literature shows that the major problem for the implementation of photocatalytic processes in emissions treatment is related to the development and optimization of reactors in an industrial scale, where an interface with engineering is necessary.
Experimental part
For the degradation of the hydrogen sulphide (H2S) in the gas-phase it was developed a reduced scale reactor (experimental module) incorporated with 4 types of photocatalysts. The arrangement of this experimental apparatus consisted of the following parts: air compressor (1); flow regulator (2); flowmeter (3); container with H2S generating solution connected to the air dragging system (4); Alphasense® electrochemical sensor, H2S-BE model (5); photocatalytic reactor (6); radiation source (UV lamp or solar radiation) (7); and photocatalyst (8).
The characterization of the experimental module was basically carried out by means of chemical and physical analyses in order to determine the main properties of the following components: (1) photocatalyst (inner surface of the module); and (2) transparent surface (upper face of the module for radiation incidence). The inner surfaces formed with these coatings were structural and morphologically characterized by scanning electron microscopy with energy dispersive X-ray (SEM-EDX), X-ray diffraction (XRD), infrared attenuated total reflection spectroscopy (FTIR-ATR), UV-Vis diffuse reflectance spectroscopy and gravimetry analysis. The optical properties of the transparent surface were analysed by UV-Vis transmittance spectroscopy. The fluid dynamics aspects were evaluated in Comsol Multiphysics software with the objective of optimizing the final reactor design geometry to be proposed. Preliminary simulations were performed using laminar flow and turbulent flow interfaces (k-ε model). Due to the low velocity profile resulting from the two models, in the order of 10-1 m s-1, the laminar model was chosen as the most likely to adequately predict the flow in the reactor.
Results and discussion
Diffractograms of Photosan®-based paint photocatalyst samples and TiO2 powder show the formation of TiO2-anatase phase characteristic peak at 2θ = 25º. Other low intensity peaks characteristic of TiO2-anatase were identified in 2θ = 38º, 48º and 55º. For the acrylic paint sample, diffractograms indicate that the pigment which composes the paint is referring to the crystallographic phase TiO2-rutile, with peak of greater intensity in 2θ = 27°. The peaks of lower intensity in 2θ = 36°, 41°, 54° and 69° also refer to Rutile.
The impregnation procedure for photocatalysts supported on fiber cement material yielded an approximate mass amount of 3.2 g of TiO2, 3.1 g of Fotosan® and 4.7 g of acrylic paint. Regarding TiO2 supported on fiberglass it was possible to impregnate 0.7 g. The incorporation degree ranged from 1.09 % to 13.2 % in mass: 1.1 % (TiO2 + fiber cement); 1.09 % (Fotosan® paint + fiber cement); 1.61 % (Acrylic paint + fiber cement) and 13.2 % (TiO2 + fiberglass). Among produced surfaces the cheaper was fiberglass impregnated with TiO2, with a cost of US$ 0.34. On the other hand, the surface with highest manufacturing cost was pointed at the fiber cement material impregnated with the Italian photocatalytic paint Fotosan®, whose manufacturing cost was set at US$ 1.72. In general, surfaces that used fiber cement material became more expensive products: TiO2 + fiber cement (US$ 1.48) and acrylic paint + fiber cement (US$ 1.51). Figures 1 (a), (b), (c) e (d) shows the micrographs results performed on the photocatalysts samples.
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Figure 1: Micrograph of the materials surfaces: (a) fiber cement + TiO2, (b) fiberglass + TiO2, (c) fiber cement + acrylic paint, and (d) fiber cement + Fotosan®.
Regarding the photoactivity tests carried out by means of photocatalytic H2S degradation tests, Table 1 shows the main results obtained.
[bookmark: _Toc500772117][bookmark: _Toc491716737]Table 1: Overview of the photocatalytic degradation tests of H2S using different photocatalyst materials.
	Photocatalyst
	Activation time (min)
	Maximum efficiency (%)
	Deactivation time (min)
	UV radiation
	Solar radiation

	
	
	
	
	k (min-1)
	R2
	k (min-1)
	R2

	TiO2 + fiberglass
	12
	69.0 ± 3.3
	45
	1.18
	0.92
	-
	-

	TiO2 + fiber cement
	7
	40.9 ± 4.9
	30
	2.6 x 10-1
	0.98
	-
	-

	Acrylic paint + fiber cement
	12
	90.6 ± 4.4
	190
	1.33
	0.96
	-
	-

	Fotosan® + fiber cement
	6
	77.4 ± 3.5
	390
	8.6 x 10-1
	0.99
	4.4 x 10-1
	0.96



The acrylic paint had its photocatalytic activity significantly reduced from 190 min (3 hours and 10 min), whereas the coating based on Fotosan® presented loss of photoactivity from 390 min (6 hours and 30 min). Both have relatively high saturation times, which makes their use more prolonged, avoiding replacement or regeneration needs, important aspects for their application on an industrial scale. Besides, the material with Fotosan® paint was the only one to present photoactivity under the exposure of sunlight (Figure 2 (b)), in a way that, overall, it was concluded that Fotosan® presents the best characteristics for application on an industrial scale, in order to achieve a degradation efficiency of up to 80 % (Figure 2 (b)).
Table 1 results indicate that higher efficiencies were achieved under lower flow rate conditions, because the decrease in flow rate necessarily implies an increase in residence time. Thus, Figure 2 (a) graphically reflects the relationship between degradation efficiency and flow rate.

	
	


[bookmark: _Toc500770848]Figure 2: (a) Influence of the flow rate on photocatalytic degradation efficiency, and (b) Maximum values of degradation efficiency using UV and Solar radiation. 
The transmittance measurements of transparent materials under conditions of new use are presented below (Figure 3 (a)). Figure 3 (b) shows the behaviour of transmittance properties over time ()

	
	


[bookmark: _Toc500770853]Figure 3: (a) Transmittance spectra (200 to 500 nm) of the transparent surfaces; and (b) Transmittance behaviour as a function of time within the scope of photocatalytic spectra (340 to 400 nm).
In general, the transmittance values shown in Figure 3 (b) clearly show that glass has practically not changed in its transmittance properties over time and under conditions of exposure to the weather. The acrylic material at the initial test time ("0 days") despite having transmittance properties superior to glass and polycarbonate, it is noticed that its properties suffer a significant reduction in transmittance values over time, mainly acrylic of 10 mm, which after approximately 100 days of exposure showed a significant change in transmittance.
The proposition of a reactor on an industrial scale contemplated, besides the information and parameters already obtained throughout the previous analyses, a step for definition and selection of geometry aided by computational fluid dynamics (CFD) simulation. The best design was chosen from tests with 6 different types of arrangements (Figure 4) and 6 different types of gas supply devices, as shown in Figure 5. The selection criterion of the best arrangement was obtained based on the optimization of the residence time.
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[bookmark: _Toc500770864]Figure 4: Speed field for rectilinear geometries with first axis tested: (a) 4, (b) 9, and (c) 19 baffles, and the rectilinear geometries with two tested axes: (d) 1, and (e) 3 input devices, (f) 3 input devices and 3 baffles.
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[bookmark: _Toc500770870]Figure 5: Speed profiles according to the arrangements of the air inletting devices: (a) lower inlet (3), (b) lower inlet (5), (c) upper inlet (5), (d) distributed inlet (10), (e) trapezoidal inlet, and (f) trapezoidal-distributed inlet (10).
Simulation results using Comsol Multiphysics indicated that the geometry that managed to reach a longer residence time was the geometry of Figure 4 (f), which obtained a residence time superior to the others. The increase of performance in relation to the other geometries was observed by the decrease of the average speed, an aspect attributed to the better distribution of the flow through the channel, inducing the minimization of preferential channels along the reactor.
The air inletting orifices (tubes) referring to the devices shown in Figure 5 are 4 cm in internal diameter, dimensions which were useful for determining the inlet speed rate for each geometry during the simulation tests. Thus, it is fundamental to explain that Figure 5 (a) has three inlet tubes positioned in the lower portion of the reactor inlet section; Figure 5 (b) indicates 5 inlet tubes; Figure 5 (c) shows 5 tubes in the upper portion of the inlet section; Figure 5 (d) has 10 tubes (5 lower and 5 upper); Figure 5 (e) shows a different design in such a way that the air inlet has a trapezoidal style design; while Figure 5 (f) has a trapezoidal shape, but the inlet section has connected tubes.
From the results presented in Figure 5, it can be pointed out that the geometry of the air inletting device that presented the best fluid dynamic performance, from the point of view of residence time maximization, corresponded to the system with distributed inlet over 10 orifices (Figure 5 (d)), with a residence time 18 % higher than the other structures. However, this geometry with 10 inlet orifices faces a barrier from the constructive point of view, because in a real situation this device will receive the gaseous fluid from a single pipe, so it will be necessary to use another device that can make the connection between the main pipe and the inletting device. In this case, it was proposed the system shown in Figure 5 (f), which was conceived in a hybrid system that uses the 10 inlet orifices, which is fed by the trapezoidal format device (range hood style), whose fluid dynamics simulation was performed.
[bookmark: _GoBack]Based on the results presented throughout the text it was possible to propose a system design for the elimination of H2S through photocatalysis. Table 2 summarizes the criteria that were considered for the project and the strategies proposed from the accumulated knowledge. 
[bookmark: _Toc500772134][bookmark: _Toc491716754]Table 2: Design criteria for a photocatalytic treatment system of gas-phase pollutants.
	Criteria
	Proposal
	Draft

	Simple design: replacement of photocatalyst at the end of its lifespan life should be of easy procedure.
	Multiple photocatalytic bed system that operates in semi-continuous mode, alternating in a parallel system in case of photocatalyst deactivation of the system in use.
	[image: ]

	Economic optimization: minimal waste generation and renewable energy use.
	Photocatalyst reimpregnation (transparent reactor with 4 mm thickness glass).
	

	Fluid contact with the photocatalyst.
	High contact surface; distribution of inlet flow rate; fluid dynamic devices.
	

	Efficiency optimization: sufficient residence time.
	Required sizing according to inlet flow rate.
	

	Flexibility to adapt to any fluctuations.
	Modular design (parallel reactors).
	

	Uninterrupted operation.
	Use of UV lamps.
	



From the previous considerations, the proposal of photocatalytic treatment would consist of a modular system in parallel. The modular system would have an inlet device with flow rate distribution and registration valves which would allow to alternate the passage of the gaseous fluid between the main system and the backup system. UV lamps would be placed on the walls of the fluid flow channel, which would allow operation and access during maintenance periods. The photocatalyst would consist of photocatalytic paint based on TiO2 deposited on corrugated fiber cement material.
The gaseous flow would pass through a condenser before being divided by the inlet pipes of the respective modules. Module covers shall allow the system sealing to avoid significant leaks. The height chosen for the gutter was 0.2 m (20 cm), while the width was determined to a value of 0.6 m (60 cm).
The most economical and sustainable source of radiation is solar radiation, but the limitations due to the low proportion of UV radiation in its spectral distribution, the intermittency and its variable availability encourage the use of lamps as a source of irradiation more suitable for its use in the photocatalytic treatment. The aspect of using lamp irradiation, which solves all problems arising from the use of sunlight, reduces the competitive advantage of photocatalysis as a clean and inexpensive technology. However, it was decided not to abandon the use of solar radiation during daytime periods, and to this end a versatile and innovative reactor was designed that uses both types of radiation sources simultaneously and individually. This reactor will be more efficient than a reactor with artificial radiation alone and can operate continuously without restrictions as solar radiation is available. The lamps are designed to be installed on the side walls of the module, and their maintenance would be provided through an opening system of damper door. 
The module consists of two gaseous effluent flow channels: main flow gutter; and backup flow gutter. The upper part of the module is made of transparent material, so that the solar radiation can reach the photocatalyst, which is placed in the lower base of the equipment, which called the photocatalytic bed.
With a large space and easy access to its interior, the design of the reactor allows the introduction of various types of photocatalysts (photocatalytic beds) and is suitable for the use of ceramic substrates, but can receive other types of materials supports.
Inner and external walls of the reactor shall be made of materials with the following characteristics: Resistant (to withstand the pressure resulting from the gaseous fluid flow, and also resistant to weatherability); and Reflective (to increase radiation distribution along the extension and section of the reactor).
Conclusions
Experiments using photocatalysis (TiO2/artificial and solar UV) for H2S degradation have shown that this technology can be applied in the treatment of H2S. Efficiencies of photocatalytic degradation of up to 95% were obtained. The results suggest that RT has a more important influence on degradation than inlet concentration.
Fotosan® paint presented high performance in both artificial and natural conditions, which makes this photocatalyst the one with higher added value among the evaluated materials.
The study of the optical properties of transparent materials concluded that the glass surface constitutes a material with significant capacity of maintenance of its optical properties, making it a product of great cost-benefit, therefore recommended for photocatalytic applications.
The fluid dynamic study indicated the best geometry in terms of longer residence time achieved, as well as the best inlet way of gaseous fluid also taking into account residence time. Among the criteria adopted for the final arrangement, the photocatalyst reimpregnation procedure was chosen as a measure that favours flexibility in the maintenance of photocatalytic systems, reducing the need for skilled labour.
Thus, photocatalysis showed to be a very promising technology in the gas-phase degradation of pollutants, so that the work developed the proposal of technical drafting of a photocatalytic equipment on an industrial scale. The design was conceived through the results obtained in the work, in such a way that the choice of materials and the final design of the equipment were performed from the reached values and parameters.
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500	498	496	494	492	490	488	486	484	482	480	478	476	474	472	470	468	466	464	462	460	458	456	454	452	450	448	446	444	442	440	438	436	434	432	430	428	426	424	422	420	418	416	414	412	410	408	406	404	402	400	398	396	394	392	390	388	386	384	382	380	378	376	374	372	370	368	366	364	362	360	358	356	354	352	350	348	346	344	342	340	338	336	334	332	330	328	326	324	322	320	318	316	314	312	310	308	306	304	302	300	298	296	294	292	290	288	286	284	282	280	278	276	274	272	270	268	266	264	262	260	258	256	254	252	250	248	246	244	242	240	238	236	234	232	230	228	226	224	222	220	218	216	214	212	210	208	206	204	202	200	0.92682982337934927	0.92682982337934927	0.92682982337934927	0.92682982337934927	0.92682982337934927	0.92682982337934927	0.92682982337934927	0.92682982337934927	0.92682982337934927	0.92682982337934927	0.92682982337934927	0.92682982337934927	0.92682982337934927	0.92682982337934927	0.92682982337934927	0.92682982337934927	0.92682982337934927	0.92682982337934927	0.92682982337934927	0.92682982337934927	0.92469817393822251	0.92682982337934927	0.92682982337934927	0.92469817393822251	0.92469817393822251	0.92682982337934927	0.92469817393822251	0.92469817393822251	0.92469817393822251	0.92469817393822251	0.92469817393822251	0.92469817393822251	0.92469817393822251	0.92469817393822251	0.92469817393822251	0.92469817393822251	0.92257142715476315	0.92469817393822251	0.92257142715476315	0.92257142715476315	0.92257142715476315	0.92257142715476315	0.92257142715476315	0.92257142715476315	0.92257142715476315	0.92044957175317133	0.92257142715476315	0.92044957175317133	0.92044957175317133	0.92044957175317133	0.92682982337934927	0.92682982337934927	0.92682982337934927	0.92469817393822251	0.92469817393822251	0.92469817393822251	0.92257142715476315	0.92257142715476315	0.92257142715476315	0.92044957175317133	0.9183325964835809	0.9183325964835809	0.91622049012199969	0.91411324147025019	0.91201083935590965	0.91201083935590965	0.90782053017818576	0.90573260089820018	0.90364947372230153	0.90157113760595697	0.89949758153003523	0.89742879450074842	0.89536476554959377	0.89330548373329532	0.89125093813374545	0.88920111785794853	0.88511560983083548	0.88307990041856277	0.88104887300801404	0.87902251683088428	0.87498377522743598	0.88511560983083548	0.88307990041856277	0.88104887300801404	0.87700082114363465	0.87498377522743598	0.87297136838811162	0.87096358995608059	0.86696187575821659	0.86496791877569323	0.86099375218460061	0.85703784523036952	0.85310011401758934	0.84722741414059644	0.84139514164519502	0.83560301823124805	0.82603794957717858	0.81658237135859235	0.80352612218561714	0.78886011761855446	0.77446179780251867	0.75683289502097439	0.73620709749473601	0.71779429127136174	0.69183097091893653	0.65917389524432135	0.61944107507678148	0.57676646339225079	0.53333489548762092	0.48640720569146156	0.43151907682776519	0.36982817978026616	0.30199517204020154	0.23388372386593542	0.17218685749860066	0.11885022274370179	7.7268058509570192E-2	4.7533522594280522E-2	2.6668586645214782E-2	1.5417004529495593E-2	8.6099375218460002E-3	5.2722986142282238E-3	3.8194427084004613E-3	3.1841975217261225E-3	3.0199517204020135E-3	2.958012466551546E-3	2.8575905433749446E-3	2.8054336379517105E-3	2.7861211686297667E-3	2.7605778562203444E-3	2.7989813196343605E-3	2.8054336379517105E-3	2.8510182675039078E-3	3.0269134281013027E-3	3.0974192992165796E-3	3.3036954103681472E-3	3.4833731503601151E-3	3.7239170625456845E-3	4.0271703432545906E-3	4.3251383103500877E-3	4.7533522594280508E-3	5.2480746024977237E-3	5.8210321777087144E-3	6.6680676921362135E-3	7.6736148936181808E-3	8.8104887300801335E-3	1.0471285480508989E-2	1.2331048332289084E-2	1.465547840955911E-2	1.7864875748520498E-2	2.1428906011200573E-2	Acr 10 mm	500	498	496	494	492	490	488	486	484	482	480	478	476	474	472	470	468	466	464	462	460	458	456	454	452	450	448	446	444	442	440	438	436	434	432	430	428	426	424	422	420	418	416	414	412	410	408	406	404	402	400	398	396	394	392	390	388	386	384	382	380	378	376	374	372	370	368	366	364	362	360	358	356	354	352	350	348	346	344	342	340	338	336	334	332	330	328	326	324	322	320	318	316	314	312	310	308	306	304	302	300	298	296	294	292	290	288	286	284	282	280	278	276	274	272	270	268	266	264	262	260	258	256	254	252	250	248	246	244	242	240	238	236	234	232	230	228	226	224	222	220	218	216	214	212	210	208	206	204	202	200	0.93756200692588021	0.93756200692588021	0.93756200692588021	0.93756200692588021	0.93756200692588021	0.93756200692588021	0.93756200692588021	0.93756200692588021	0.93756200692588021	0.93756200692588021	0.93756200692588021	0.93756200692588021	0.93756200692588021	0.93756200692588021	0.93756200692588021	0.93756200692588021	0.93756200692588021	0.93756200692588021	0.93756200692588021	0.93756200692588021	0.93756200692588021	0.93756200692588021	0.93756200692588021	0.93756200692588021	0.93756200692588021	0.93756200692588021	0.93756200692588021	0.93756200692588021	0.93756200692588021	0.93756200692588021	0.93756200692588021	0.93540567414755182	0.93540567414755182	0.93540567414755182	0.93540567414755182	0.93540567414755182	0.93540567414755182	0.93540567414755182	0.93540567414755182	0.93540567414755182	0.93540567414755182	0.93540567414755182	0.93540567414755182	0.93540567414755182	0.93540567414755182	0.93540567414755182	0.93540567414755182	0.93540567414755182	0.93540567414755182	0.93540567414755182	0.93325430079699101	0.93325430079699101	0.93325430079699101	0.93325430079699101	0.93110787546783025	0.93110787546783025	0.92896638677993626	0.92896638677993626	0.92682982337934927	0.92682982337934927	0.92469817393822251	0.92257142715476315	0.92044957175317133	0.9183325964835809	0.91622049012199969	0.91411324147025019	0.91201083935590965	0.90782053017818576	0.90364947372230153	0.89949758153003523	0.89742879450074842	0.89330548373329532	0.88920111785794853	0.88511560983083548	0.88104887300801404	0.87700082114363465	0.87096358995608059	0.86696187575821659	0.86297854776697036	0.85703784523036952	0.85310011401758934	0.84527884516028984	0.83945998651939735	0.83368118461963436	0.8279421637123342	0.82224264994707108	0.81470428402083961	0.80723503024883814	0.80167806338767911	0.79432823472428149	0.78523563461007184	0.77624711662869172	0.76736148936181903	0.75683289502097439	0.74301913789670138	0.72443596007499	0.69823240407717135	0.65463617406727503	0.58344510427374474	0.46773514128719818	0.31188895840939368	0.15488166189124808	3.8636697705406911E-2	1.12719745617551E-2	4.0831938633269192E-3	3.4593937782612183E-3	3.2809529311311888E-3	3.2359365692962794E-3	3.1405086938762158E-3	3.0130060241861196E-3	2.910717118066604E-3	2.7989813196343605E-3	2.7478941531023965E-3	2.6485001386066984E-3	2.5118864315095777E-3	2.4434305526939708E-3	2.3173946499684792E-3	2.1777097723531588E-3	2.1134890398366466E-3	1.9769696401118588E-3	1.8663796908346686E-3	1.8238957023196368E-3	1.7298163592151003E-3	1.6943378004473284E-3	1.6519617982290141E-3	1.5667510701081479E-3	1.6405897731995376E-3	1.577611269699348E-3	1.5812480392703822E-3	1.6218100973589284E-3	1.577611269699348E-3	1.6292960326397218E-3	1.6904409316432646E-3	1.7139573075084238E-3	1.8620871366628665E-3	1.8879913490962919E-3	2.0701413487910396E-3	2.2233098906514013E-3	2.3334580622809999E-3	2.5527013026612456E-3	2.8248799749157052E-3	3.1045595881283544E-3	3.5156044052829785E-3	3.9994474976109721E-3	4.5185594437492206E-3	5.4575786109127087E-3	6.2517269277568496E-3	7.533555637337163E-3	9.1411324147024908E-3	1.1040786199020726E-2	1.3489628825916524E-2	Glass 4 mm	500	498	496	494	492	490	488	486	484	482	480	478	476	474	472	470	468	466	464	462	460	458	456	454	452	450	448	446	444	442	440	438	436	434	432	430	428	426	424	422	420	418	416	414	412	410	408	406	404	402	400	398	396	394	392	390	388	386	384	382	380	378	376	374	372	370	368	366	364	362	360	358	356	354	352	350	348	346	344	342	340	338	336	334	332	330	328	326	324	322	320	318	316	314	312	310	308	306	304	302	300	298	296	294	292	290	288	286	284	282	280	278	276	274	272	270	268	266	264	262	260	258	256	254	252	250	248	246	244	242	240	238	236	234	232	230	228	226	224	222	220	218	216	214	212	210	208	206	204	202	200	0.89125093813374545	0.89125093813374545	0.89125093813374545	0.89125093813374545	0.89125093813374545	0.89125093813374545	0.88920111785794853	0.88920111785794853	0.88920111785794853	0.88920111785794853	0.88920111785794853	0.88920111785794853	0.88920111785794853	0.88920111785794853	0.88920111785794853	0.88920111785794853	0.88715601203796079	0.88715601203796079	0.88715601203796079	0.88715601203796079	0.88511560983083548	0.88511560983083548	0.88511560983083548	0.88307990041856277	0.88307990041856277	0.88104887300801404	0.88104887300801404	0.88104887300801404	0.87902251683088428	0.87902251683088428	0.87902251683088428	0.87902251683088428	0.87902251683088428	0.87902251683088428	0.87902251683088428	0.87902251683088428	0.87902251683088428	0.87902251683088428	0.87700082114363465	0.87700082114363465	0.87700082114363465	0.87700082114363465	0.87700082114363465	0.87700082114363465	0.87700082114363465	0.87902251683088428	0.87902251683088428	0.87902251683088428	0.87902251683088428	0.87902251683088428	0.87902251683088428	0.87902251683088428	0.87700082114363465	0.87297136838811162	0.86896042928630179	0.86496791877569323	0.85901352150539567	0.85113803820237643	0.84527884516028984	0.83945998651939735	0.83560301823124805	0.83560301823124805	0.83752928212688249	0.84333475776427536	0.84722741414059644	0.84722741414059644	0.84722741414059644	0.83752928212688249	0.83368118461963436	0.82413811501300227	0.81658237135859235	0.80352612218561714	0.79067862799982513	0.77446179780251867	0.75509222766543382	0.73282453313890406	0.70794578438413791	0.67608297539198181	0.64416926551517717	0.60673632958850532	0.56234132519034907	0.50815944256056045	0.46131757456037931	0.40550853544838378	0.34514373933585618	0.29040226544644498	0.23550492838960091	0.18450154191794735	0.13835663789717806	9.9083194489276716E-2	6.7452802769792181E-2	4.3251383103500844E-2	2.6181830082189841E-2	1.496235656094433E-2	8.3752928212688232E-3	4.9203953568145069E-3	3.1622776601683764E-3	2.506109253032112E-3	2.2233098906514013E-3	2.0606299132699983E-3	2.1877616239495499E-3	2.1928049353504477E-3	2.5468302525850405E-3	2.6546055619755368E-3	2.6915348039269148E-3	2.6181830082189859E-3	2.6485001386066984E-3	2.6181830082189859E-3	2.5703957827688637E-3	2.6242185433844418E-3	2.4603676041476267E-3	2.4717241450161269E-3	2.477422057633284E-3	2.3768402866248747E-3	2.3604782331805765E-3	2.2646443075930588E-3	2.1928049353504477E-3	2.1134890398366466E-3	1.9860949173573705E-3	1.9543394557753929E-3	1.9275249131909362E-3	1.8238957023196368E-3	1.8578044550916976E-3	1.7701089583174211E-3	1.7579236139586923E-3	1.8030177408595663E-3	1.7579236139586923E-3	1.7947336268325262E-3	1.8113400926196008E-3	1.8197008586099809E-3	1.901078279923299E-3	1.9319683170169223E-3	2.0044720273651602E-3	2.0989398836235231E-3	2.1777097723531588E-3	2.4099054286865944E-3	2.5292979964461428E-3	2.7039583641088418E-3	2.93089324525032E-3	3.0690219883911566E-3	3.3342641276323495E-3	3.6140986263961286E-3	3.8725764492161699E-3	4.4258837236262625E-3	4.9090787615260244E-3	5.7411646220732722E-3	6.7608297539198132E-3	7.7983011052325819E-3	9.2896638677993568E-3	1.1376272858234306E-2	1.333521432163323E-2	Glass 6 mm	500	498	496	494	492	490	488	486	484	482	480	478	476	474	472	470	468	466	464	462	460	458	456	454	452	450	448	446	444	442	440	438	436	434	432	430	428	426	424	422	420	418	416	414	412	410	408	406	404	402	400	398	396	394	392	390	388	386	384	382	380	378	376	374	372	370	368	366	364	362	360	358	356	354	352	350	348	346	344	342	340	338	336	334	332	330	328	326	324	322	320	318	316	314	312	310	308	306	304	302	300	298	296	294	292	290	288	286	284	282	280	278	276	274	272	270	268	266	264	262	260	258	256	254	252	250	248	246	244	242	240	238	236	234	232	230	228	226	224	222	220	218	216	214	212	210	208	206	204	202	200	0.89330548373329532	0.89330548373329532	0.89125093813374545	0.89125093813374545	0.89125093813374545	0.89125093813374545	0.89125093813374545	0.88920111785794853	0.88920111785794853	0.88920111785794853	0.88920111785794853	0.88920111785794853	0.88715601203796079	0.88715601203796079	0.88715601203796079	0.88715601203796079	0.88511560983083548	0.88511560983083548	0.88511560983083548	0.88307990041856277	0.88307990041856277	0.88104887300801404	0.87902251683088428	0.87902251683088428	0.87700082114363465	0.87498377522743598	0.87498377522743598	0.87297136838811162	0.87096358995608059	0.87096358995608059	0.87096358995608059	0.87096358995608059	0.87096358995608059	0.87096358995608059	0.87096358995608059	0.87096358995608059	0.87096358995608059	0.87297136838811162	0.87096358995608059	0.87297136838811162	0.87096358995608059	0.87297136838811162	0.87297136838811162	0.87498377522743598	0.87498377522743598	0.87700082114363465	0.87902251683088428	0.87902251683088428	0.87902251683088428	0.88104887300801404	0.88511560983083548	0.88511560983083548	0.88104887300801404	0.87700082114363465	0.87297136838811162	0.86496791877569323	0.85703784523036952	0.84527884516028984	0.83560301823124805	0.82603794957717858	0.82035154432981827	0.82035154432981827	0.82603794957717858	0.83176377110267097	0.83945998651939735	0.83945998651939735	0.83752928212688249	0.81658237135859235	0.80909589917838232	0.79799468726797651	0.7816278045883297	0.76559660691125631	0.74473197390598911	0.71944897800369945	0.69183097091893653	0.65765783735542038	0.62230028516915947	0.58076441752131203	0.53826978251628821	0.49090787615260306	0.43853069777498566	0.37411058827205329	0.32284941217126356	0.26546055619755388	0.20844908830972886	0.16218100973589297	0.11994993031493785	8.5506671288468297E-2	5.9020108017184401E-2	3.9810717055349727E-2	2.7101916318908424E-2	1.9319683170169237E-2	1.496235656094433E-2	1.2764388088113442E-2	1.1721953655481294E-2	1.1402497875611681E-2	1.12719745617551E-2	1.1246049739669263E-2	1.1428783347897709E-2	1.1508003889444354E-2	1.180320635651729E-2	1.2133888504649769E-2	9.682778562612496E-3	9.7274722377696434E-3	9.8627948563121022E-3	9.8855309465693837E-3	9.9311604842093303E-3	9.8855309465693837E-3	9.7274722377696434E-3	9.6605087898981312E-3	9.5719407129484409E-3	9.3756200692587978E-3	9.2896638677993568E-3	9.0573260089819984E-3	8.7700082114363434E-3	8.5113803820237675E-3	8.1470428402083909E-3	7.7983011052325819E-3	7.4644875841006668E-3	7.1121351365332815E-3	6.8865229634427587E-3	6.6834391756861481E-3	6.4863443354823786E-3	6.3533093185174317E-3	6.1094202490557187E-3	6.0534087475391327E-3	5.9841159506031942E-3	5.9429215861557224E-3	5.9429215861557224E-3	5.9841159506031942E-3	6.0534087475391327E-3	6.1944107507678108E-3	6.3533093185174317E-3	6.652731562017412E-3	6.9984199600227363E-3	7.533555637337163E-3	8.0723503024883753E-3	8.6099375218460002E-3	9.3540567414755159E-3	1.0046157902783943E-2	1.0864256236170653E-2	1.1994993031493786E-2	1.333521432163323E-2	1.5031419660900214E-2	1.7179083871575879E-2	1.97696964011186E-2	2.3014418174085078E-2	2.7039583641088424E-2	3.1915378551007609E-2	3.8282474331682255E-2	4.6131757456037925E-2	Glass 10 mm	500	498	496	494	492	490	488	486	484	482	480	478	476	474	472	470	468	466	464	462	460	458	456	454	452	450	448	446	444	442	440	438	436	434	432	430	428	426	424	422	420	418	416	414	412	410	408	406	404	402	400	398	396	394	392	390	388	386	384	382	380	378	376	374	372	370	368	366	364	362	360	358	356	354	352	350	348	346	344	342	340	338	336	334	332	330	328	326	324	322	320	318	316	314	312	310	308	306	304	302	300	298	296	294	292	290	288	286	284	282	280	278	276	274	272	270	268	266	264	262	260	258	256	254	252	250	248	246	244	242	240	238	236	234	232	230	228	226	224	222	220	218	216	214	212	210	208	206	204	202	200	0.87297136838811162	0.87096358995608059	0.87096358995608059	0.87096358995608059	0.87096358995608059	0.86896042928630179	0.86896042928630179	0.86896042928630179	0.86696187575821659	0.86896042928630179	0.86696187575821659	0.86696187575821659	0.86496791877569323	0.86496791877569323	0.86496791877569323	0.86496791877569323	0.86297854776697036	0.86297854776697036	0.86099375218460061	0.86099375218460061	0.85901352150539567	0.85703784523036952	0.85506671288468328	0.85310011401758934	0.85310011401758934	0.84918047503631389	0.84722741414059644	0.84527884516028984	0.84333475776427536	0.84333475776427536	0.84139514164519502	0.84139514164519502	0.84139514164519502	0.84139514164519502	0.84333475776427536	0.84139514164519502	0.84333475776427536	0.84333475776427536	0.84333475776427536	0.84139514164519502	0.84333475776427536	0.84333475776427536	0.84333475776427536	0.84333475776427536	0.84527884516028984	0.84527884516028984	0.84722741414059644	0.84722741414059644	0.84918047503631389	0.84918047503631389	0.85113803820237643	0.84918047503631389	0.84722741414059644	0.84139514164519502	0.83368118461963436	0.82413811501300227	0.81283051616409918	0.79983425500702843	0.78704578969509853	0.77446179780251867	0.76736148936181903	0.76736148936181903	0.77446179780251867	0.78342964276621174	0.79067862799982513	0.79250133048047178	0.79067862799982513	0.77803655103980407	0.76383578357769066	0.75335556373371737	0.73451386815711495	0.71449632607551339	0.69183097091893653	0.66374307040190872	0.63095734448019325	0.5929253245799998	0.55080769640540339	0.5035006087879047	0.45708818961487502	0.40550853544838378	0.35075187395256796	0.28444611074479154	0.23604782331805768	0.18323144223712112	0.13365955165464419	9.6161227838366461E-2	6.4565422903465536E-2	4.0926065973001087E-2	2.4603676041476265E-2	1.4190575216890914E-2	8.1283051616409894E-3	5.1168183554030772E-3	3.7153522909717223E-3	3.1405086938762158E-3	2.93764965196153E-3	2.7861211686297667E-3	2.8575905433749446E-3	2.8379190284415533E-3	2.7861211686297667E-3	2.910717118066604E-3	2.87078058202469E-3	2.9785164294291906E-3	3.0408850256762781E-3	3.1045595881283544E-3	3.0974192992165796E-3	3.1405086938762158E-3	3.1622776601683764E-3	3.0619634336906767E-3	3.0760968147407063E-3	2.9922646366081864E-3	2.9716660317380223E-3	2.9512092266663864E-3	2.8313919957993769E-3	2.8313919957993769E-3	2.7289777828080394E-3	2.6242185433844418E-3	2.5527013026612456E-3	2.3988329190194886E-3	2.3173946499684792E-3	2.2284351492703018E-3	2.1527817347243732E-3	2.0892961308540373E-3	2.0370420777057184E-3	1.9588446735059875E-3	1.9275249131909362E-3	1.8836490894897993E-3	1.8663796908346686E-3	1.8663796908346686E-3	1.8281002161427411E-3	1.8836490894897993E-3	1.8535316234148092E-3	1.8706821403657989E-3	1.9815270258050979E-3	2.0230191786782714E-3	2.1577444091526662E-3	2.2750974307720706E-3	2.437810818368752E-3	2.6363313858253764E-3	2.8641779699065781E-3	3.1117163371060159E-3	3.4593937782612183E-3	3.7670379898390883E-3	4.2756288615158596E-3	4.8528850016212096E-3	5.4827696492085352E-3	6.5313055264747209E-3	7.5509222766543408E-3	8.9125093813374554E-3	1.0889300933334333E-2	1.2764388088113442E-2	1.5667510701081484E-2	Polic 3 mm	500	498	496	494	492	490	488	486	484	482	480	478	476	474	472	470	468	466	464	462	460	458	456	454	452	450	448	446	444	442	440	438	436	434	432	430	428	426	424	422	420	418	416	414	412	410	408	406	404	402	400	398	396	394	392	390	388	386	384	382	380	378	376	374	372	370	368	366	364	362	360	358	356	354	352	350	348	346	344	342	340	338	336	334	332	330	328	326	324	322	320	318	316	314	312	310	308	306	304	302	300	298	296	294	292	290	288	286	284	282	280	278	276	274	272	270	268	266	264	262	260	258	256	254	252	250	248	246	244	242	240	238	236	234	232	230	228	226	224	222	220	218	216	214	212	210	208	206	204	202	200	0.85309999999999997	0.85309999999999997	0.85309999999999997	0.85309999999999997	0.85309999999999997	0.85309999999999997	0.85309999999999997	0.85309999999999997	0.85109999999999997	0.85109999999999997	0.85309999999999997	0.85109999999999997	0.85109999999999997	0.85109999999999997	0.85109999999999997	0.85109999999999997	0.84919999999999995	0.84919999999999995	0.84919999999999995	0.84919999999999995	0.84919999999999995	0.84919999999999995	0.84719999999999995	0.84719999999999995	0.84719999999999995	0.84530000000000005	0.84530000000000005	0.84330000000000005	0.84330000000000005	0.84140000000000004	0.83950000000000002	0.83950000000000002	0.83560000000000001	0.8337	0.82989999999999997	0.82789999999999997	0.82220000000000004	0.81659999999999999	0.81100000000000005	0.80169999999999997	0.79249999999999998	0.77980000000000005	0.76380000000000003	0.74299999999999999	0.71779999999999999	0.68710000000000004	0.64859999999999995	0.60260000000000002	0.54949999999999999	0.48749999999999999	0.40739999999999998	0.33810000000000001	0.25640000000000002	0.17910000000000001	0.1135	6.4899999999999999E-2	3.44E-2	1.8800000000000001E-2	1.2500000000000001E-2	1.09E-2	1.0999999999999999E-2	1.15E-2	1.2200000000000001E-2	1.29E-2	1.37E-2	1.47E-2	1.5299999999999999E-2	7.4999999999999997E-3	7.4999999999999997E-3	7.4999999999999997E-3	7.4999999999999997E-3	7.7000000000000002E-3	7.7999999999999996E-3	7.9000000000000008E-3	8.3000000000000001E-3	8.5000000000000006E-3	8.9999999999999993E-3	9.4000000000000004E-3	9.7000000000000003E-3	1.0200000000000001E-2	1.0800000000000001E-2	5.1000000000000004E-3	4.8999999999999998E-3	4.7999999999999996E-3	4.5999999999999999E-3	4.4999999999999997E-3	4.4000000000000003E-3	4.3E-3	4.1999999999999997E-3	4.1000000000000003E-3	4.0000000000000001E-3	3.8999999999999998E-3	3.8999999999999998E-3	3.8E-3	3.8E-3	3.8E-3	3.7000000000000002E-3	3.8E-3	3.8E-3	3.8999999999999998E-3	4.0000000000000001E-3	4.1000000000000003E-3	3.8E-3	3.8E-3	3.8999999999999998E-3	3.8999999999999998E-3	3.8999999999999998E-3	3.8999999999999998E-3	3.8E-3	3.8E-3	3.8E-3	3.7000000000000002E-3	3.7000000000000002E-3	3.5000000000000001E-3	3.5000000000000001E-3	3.3E-3	3.2000000000000002E-3	3.0999999999999999E-3	2.8999999999999998E-3	2.8E-3	2.7000000000000001E-3	2.5999999999999999E-3	2.5999999999999999E-3	2.5000000000000001E-3	2.3999999999999998E-3	2.3999999999999998E-3	2.3E-3	2.3E-3	2.3E-3	2.3E-3	2.3E-3	2.3999999999999998E-3	2.5000000000000001E-3	2.5999999999999999E-3	2.7000000000000001E-3	2.8999999999999998E-3	3.0999999999999999E-3	3.3E-3	3.5000000000000001E-3	3.8999999999999998E-3	4.1999999999999997E-3	4.7000000000000002E-3	5.1999999999999998E-3	6.0000000000000001E-3	7.0000000000000001E-3	8.0000000000000002E-3	9.4999999999999998E-3	1.1299999999999999E-2	1.34E-2	1.6199999999999999E-2	1.9599999999999999E-2	Wavelength (nm)
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