	[image: cetlogo]CHEMICAL ENGINEERINGTRANSACTIONS

VOL. 76, 2019
	A publication of
[image: aidiclogo_grande]

	
	The Italian Association
of Chemical Engineering
Online at www.cetjournal.it

	Guest Editors:Sauro Pierucci,Jiří Jaromír Klemeš, Laura Piazza
Copyright © 2019, AIDIC ServiziS.r.l.
ISBN978-88-95608-73-0;ISSN 2283-9216




Evaluation of Different Types of Hydrogels for Water Removal from Fuels
Clarissa D. Paula1;  Gabriela F. Ferreira1; Luisa F. R. Pinto1, Patrícia B. L. Fregolente2; Rubens Maciel Filho1; Leonardo V. Fregolente1*
aState University of Campinas, Chemical Engineering School, 13081-970 Campinas, São Paulo, Brazil
bSalesian University Center of São Paulo, 13075-490 Campinas, São Paulo, Brazil
* corresponding author: leonardo@feq.unicamp.br
[bookmark: _Hlk5785291]This work aims to develop a separation process for water removal from liquid fuels, using fixed beds of hydrogel particles. The packing comprised of polyacrylamide (PAAm) hydrogels,containing one of two different monomers (sodium  acrylate or acrylic acid). Diesel and biodiesel samples were saturated with water and fed to a hydrogel bed. Experimental runs were carried out according to two-level factorial designs, in order to evaluate the effect of temperature and hydrogel formulation on removal of water from fuels. The hydrogel which utilised the sodium acrylate monomer presented the best results for water removal. Temperature is also an important factor; it was observed that the hydrogel bed is more efficient at the lowest temperature studied (25ºC).This may be related to the lower solubility of the water in the fuel, obtaining a percentage of water removal of approximately 54% for biodiesel and 50% for diesel fuel.
Introduction
A recurring problem in the production, distribution and storage of fuels is contamination by water, which impacts directly on their quality.  Water content in fuel above a recommended level may promote growth of microorganisms in storage tanks, formation of sludge and increase turbidity. This, in turn, can cause the blocking of fuel filters, ultimately damaging the vehicle fuel injection system (Shah et al., 2010, Koßmehl and Heinrich, 1998). There are specific recommendations for microbiological contamination found in the ASTM (American Society for Testing and Materials) guide, presenting water control as a key factor for fuel quality control.
Fuels can accumulate water during their production, transportation and storage. For instance, during petroleum refining, water can be incorporated by the injection of live steam into distillation towers to reduce the partial pressure of the hydrocarbons. Also, fuels can accumulate water during transportation in polyducts, where a temperature gradient may occur, causing the release of free water. As different types of fuels flow into water is transferred from less hydrophilic products to products with greater affinity with water.
During biodiesel production, water content is significantly increased due to the washing step, which removes residual catalyst and glycerol. Some water separation processes commonly applied for meeting specifications of regulatory agencies are drying under vacuum or salt filtering. The first process is a relatively energy intensive process and the second may result in fuel contamination. 
An alternative process for water separation from fuels is the use of hydrogels, highly hydrophilic crosslinked polymeric materials. They are inert substances which can remove water present in an organic medium, whilst only consuming relatively small amounts of energy. The properties of hydrogels depend on their chemical composition, crosslink density and the number of hydrophilic groups (Lee and Yuk, 2007).Hydrogels have been studied for application in various fields, such as biotechnological, medical, pharmaceutical and chemical process. In the latter most case, emphasis is placed on an environmental application. Aouada et al. (2009) studied the characteristics of poly (acrylamide) and methylcellulose (PAAm-MC) hydrogels as an adsorbent material to remove a pesticide from an aqueous solution. Kang et al. (2018) studied hydrogels prepared with exfoliated montmorillonite nanosheets (MMTNS) and chitosan (CS) as an adsorbent for removing methylene blue (MB) from water. 
Hydrogels particles swell in the presence of an adequate solvent and soak the solvent into the cross-linked matrix of the particle. Consequently, they have great potential to remove soluble and insoluble water from organic media. Currently, literature presents few studies on the use of hydrogels for the removal of water from fuels. Nur et al. (2008) studied poly-N-isopropylacrylamide hydrogels (PNIPAAm) as well as other emulsion-polymerized monomers to produce microgels. A valuable conclusion of this work was the ability of the material to reduce the water content in biodiesel from 1800 ppm to less than 500 ppm.
Fregolente et al. (2012) studied the use of polyacrylamide hydrogels (PAAm), synthesized via polymerization of free radicals, to remove water from diesel and biodiesel samples. The tests were carried out with samples with an initial water content of 2100 ppm in biodiesel and 240 ppm in diesel. Reductions of 53.3% and 65% in water content were observed, respectively.
Fan et al. (2015) evaluated the use of hydrogel coated paper filters for the separation of oil and water applied to challenging environments, such as the sea and to industry. Within these environments, tests were carried out under adverse conditions (acid medium, basic and with high salt concentration), aiming to remove water in emulsified systems.
Fregolente et al. (2018) studied kinetic parameters and hydrophilic properties of new hydrogels, synthesized with polyacrylamide and poly (acrylamide-co-sodium acrylate) (AAm-co-SA) to remove water from biodiesel. The study obtained a swelling ratio (W, mass of the swollen sample as a function of the dry sample) of 108.8 g water/g hydrogel, which is much higher than hydrogels developed in previous research (W = 14.36 g/g). 
In this work, a new process of water separation from fuels has been developed through the use of dry polyacrylamide-based hydrogels particles in a fixed, packed bed column. These hydrogels, as observed by Fregolente et al. 2018, display a high capacity to incorporate water into their polymeric chains. Here, the water removal was assessed as a function of varying hydrogel formulation; either poly (AAm-co-SA) or poly (acrylamide-co-acrylic acid)(AAm-co-AA). The influence of temperature was also studied by conducting the experiments at 25ºC and 40ºC.
Methodology
1.1 Materials
The synthesis of the hydrogels was carried out using acrylamide (AAm) ultrapure (Amresco), sodium acrylate (SA) 97 % (Aldrich), N,N’-methylene-bis-acrylamide (mBAAm) ultrapure (USB), potassium persulfate 99 % (Fisher Scientific), acrylic acid 99% (Sigma) and N,N,N,N’-tetramethyl-ethylenediamine (TEMED) 99 % (Sigma-Aldrich).Commercial Diesel B10 (10 % of biodiesel with maximum 10 ppm of sulfur) was purchased at the local market. The soybean biodiesel was donated by a research group from the Laboratory of Separation Process Development of the State University of Campinas.
2.2 Synthesis of Hydrogels
[bookmark: _Hlk5791224][bookmark: _Hlk5791083]The formulation of poly (AAm-co-SA) and poly (AAm-co-AA) hydrogels to be used in the packed beds were performed based on prior knowledge of the research group. 1.5 g of acrylamide monomer (AAm) in aqueous solution was polymerized via free radical polymerization at 25ºC. The aqueous solution contained 0.015 mol of crosslinking agent N ', N-methylene-bis-acrylamide (MBAAm), and 1.25 g of sodium acrylate. 1 ml of N, N, N ', N'-tetramethylethylenediamine (TEMED) was added to the reaction media as the catalyst and 0.02 g of sodium persulfate was used to initiate the polymerization reaction. After the aqueous mixture was prepared, N2 was bubbled into the polymer solution for 20 min. The hydrogel obtained was removed, dehydrated in an oven at 70 ºC and manually milled. This resulted in the particles which would be packed directly in the bed of the prototype. The synthesis of the poly (AAm-co-AA) hydrogel was carried out under the same conditions of the poly (AAm-co-SA) hydrogel, using 1.25 g of acrylic acid at 40ºC. 

2.3Hydrogel Packed Bed 
The tests, aiming to remove water from fuel were performed using the synthesized hydrogel particles of poly (AAm-co-SA) and poly (AAm-co-AA). Within the prototype bed, packing fill design was random. This is a practical configuration to apply to material developed in small scale or for industrial applications. A schematic representation of the prototype is shown in Figures 1A and 1B. Within Figure 1A, a reservoir to store fuel saturated with water (1), pump (2), hydrogel bed with heating jacket (3) and dry fuel tank (4) can be identified. The total bed length is 24 cm long and 3 cm in diameter, filled with 3 cm of hydrogel.
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Figure 1: Packed bed prototype for the water removal from fuel. A) Schematic representation B) Actual configuration of the experiment: 1-.glass wool; 2-glass spheres; 3- hydrogels.

2.4 Physical Characterization of Hydrogel Particles

The hydrogel used in the packed bed column was characterized by particle size distribution, density and sphericity. Density of hydrogels was determined in a pycnometer using kerosene (SIGMA) as a reference liquid. The hydrogel sample volume was calculated using a mass of kerosene with a known density, which is displaced by the solid when immersed in the liquid contained in the pycnometer (Gauzner et al., 1972). The particle size distribution of the hydrogel was performed by sieve analysis. This technique is used to determine the mass percentage of each specified range of particle size compared to the total mass. The sphericity of the hydrogel particles (Eq1) was calculated by the ratio of the volume of a hydrogel particle to the volume of a sphere of the same diameter.

Φ= (1)

The calculation of the area and volume for an empty column was performed using the geometry of the cylinder as reference. The bed porosity was calculated using Equation 2, which represents the fraction of voids within the column filled with hydrogel. 

φ=  = (2)

2.5 Determination of Water by the Karl Fischer Method

The water content in fuel samples was determined by potentiometric titration using the Karl Fischer method, according to ASTM 6304-7.It is suitable for determining the water content in the range of 10 to 25000 mg/kg. The equipment used was a Mettler Toledo DL31. 

2.6 Experiments in a Packed Bed Column with Hydrogels
Initially, based on the method developed by Fregolente and Maciel (2012), samples of diesel and biodiesel were saturated with 30% v/v distilled water under vigorous stirring for 4 hours. They were placed in a separating funnel to separate phases. Free water was discarded and the saturated fuels were then fed into the hydrogel packed bed. The fuel flow rates were set at 1 ml/min by adjusting the speed of a peristaltic pump. Two effluent samples were collected every 30 min up to 300 min.  Water content was determined by the Karl Fischer method to monitor water removal efficiency. For diesel and biodiesel, experiments were carried out at 250C and 400C, as well as for both formulations of hydrogel particles; poly (AAm-co-SA) and poly (AAm-co-AA). The combinations of these operating conditions were performed according to two-level factorial design in order to evaluate their effect on water removal from fuels.
Results and discussions
3.1 Physical Characterization of the Hydrogel Particles 

As an example, Figure 2 shows the particle size distribution of the poly (AAm-co-SA) hydrogel sample milled manually. Among the diameter ranges obtained, particles with a diameter of 4750-3350 µm were chosen for the packed bed column experiments.
[image: ]
Figure 2: Particle size distribution of the poly (AAm-co-SA) hydrogel particles. 

In Table 1 physical properties of particles of both poly (AAm-co-SA) and poly (AAm-co-AA) hydrogel are shown. The bed porosity for poly (AAm-co-SA) hydrogel and poly (AAm-co-AA) hydrogel were 0.443 and 0.418, respectively. 

Table 1: Physical characteristics of the hydrogel particles.
	Parameters
	Poly (AAm-co-SA) hydrogel
	Poly (AAm-co-AA) hydrogel

	Density* (g /cm 3)
	1.26
	0.47

	Volume mean diameter (mm)
	4.05
	4.80

	Sphericity
	0.649
	0.664


* Reference temperature of 25ºC

3.2 Removal Water content in fuels using Packed Bed prototype 

[bookmark: _Hlk5794373]The change in water content over time in the outlet stream was monitored. For all experiments, after 200 min of bed operation, water removal appeared to remain constant. This is exemplified in Figure 3 for runs carried out with biodiesel at 25ºC using poly (AAm-co-SA) hydrogel and poly (AAm-co-AA) hydrogel. No breakthrough curves were observed for the 300 min time interval. This may be due to the high capacity of hydrogels to retain water. This means that hydrogels in the bed did not approach saturation; an interesting observation for practical applications. Visually, it was not possible to observe the hydrogels swelling. It is important swelling can be monitored to avoid an increased pressure drop in the bed. To assess the maximum water removal capacity of the bed, it is suggested new experiments, over longer period of times and with a higher initial water content, are undertaken. Figure 4 (A) and (B) present results of the average ratio of outlet-to-inlet water concentration (C/C0) as a function of temperature and hydrogel type for diesel and biodiesel, respectively. It was observed that, for diesel higher water removal efficiency was observed at 25ºC for both hydrogel formulations. This observation may be explained by the higher solubility of water in the fuel at higher temperatures (Fregolente and Maciel, 2012). Therefore water removal by hydrogels was made more difficult, reducing the efficiency of the packed bed. The temperature effect on C/C0 was not significant according to 95% confidence limits testing only for runs using biodiesel and poly (AAm-co-AA) hydrogel. However, the effect of temperature was more pronounced for runs carried out with the packed bed filled with particles of poly (AAm-co-SA) hydrogel.
The water removal efficiency of the poly (AAm-co-AA) hydrogel, with an average particle mean diameter of 4.80 mm, was compared to the efficiency of the poly (AAm-co-SA) hydrogel, with volume mean diameter of 4.05 mm. Analysing Figures 4 (A) and (B), it is clear that the formulation of poly (AAm-co-SA) presented higher water removal efficiencies for diesel . In case of biodiesel, the greater performance of poly (AAm-co-SA) was only observed at the lowest temperature level studied (25ºC).
For diesel and biodiesel, the lowest levels of C/C0 were observed under operation with poly (AAm-co-SA) hydrogel at 25ºC. The values attained were 0.29 and 0.43, respectively.


Figure 3: Water content (ppm) as a function of time (min) for biodiesel at 25ºC.
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Figure 4: Average ratio of the outlet-to-inlet water concentration (C/C0) as function of temperature and hydrogel type for diesel (A) and biodiesel (B).
Conclusion
It was observed that packed beds randomly filled with hydrogels is a promising technology for water removal from fuels as a continuous process. For diesel and biodiesel, the maximum water removal efficiencies were achieved using the fixed bed packing, poly (AAm-co-SA) hydrogel, at 25ºC. The values of C/C0 were 0.29 and 0.43, were attained for diesel and biodiesel respectively. The hydrogel particles did not approach saturation during operation which is advantageous for the development of hydrogel particle technology. Not only does this mean the packing has a high capacity for water retention but also means that particle swelling was avoided, which would have increased the pressure drop of the bed. Future studies are still required to assess the maximum water removal capacity of the bed. New experiments, considering longer period of times and a higher initial water content, have been suggested. Finally, looking to the future, new studies considering hydrogel regeneration are important for consolidation of the technology.
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Plan1

		Teste Diesel Acrilato de Sódio T=25





																						Réplica



		Tempo 		Amostra		Médias (ppm)		Δ remoção		% remoção		C/Co médio						Tempo 		Amostra		Médias (ppm)		Δ remoção		% remoção		C/Co médio								Tempo 		Amostra		Médias (ppm)		Δ remoção		% remoção		C/Co médio		0		1

		0		1		299.72						1						0		1		141.78						1								0		1		141.78						1		30		0.77

		30		2		119.55		180.17		60.11		0.40						30		2		109.865		31.915		22.51		0.77								30		2		109.865		31.915		22.51		0.77		60		0.79

		60		3		66.675		233.045		77.75		0.22						60		3		112.235		29.545		26.89		0.79								60		3		112.235		29.545		26.89		0.79		90		0.80

		90		4		89.705		210.015		70.07		0.30						90		4		113.825		27.955		24.91		0.80								90		4		113.825		27.955		24.91		0.80		120		0.61

		120		5		86.53		213.19		71.13		0.29						120		5		175.715		-33.935		ERROR:#REF!		1.24																		0.00		150		0.71

		150		6		74.315		225.405		75.21		0.25						150		6		127.595		14.185		8.07		0.90								30		1		127.595		14.185		8.07		0.90		180		0.93

		180		7		77.73		221.99		74.07		0.26						180		7		189.16		-47.38		-37.13		1.33																		0.00		210		0.65

		210		8		90.12		209.6		69.93		0.30						210		8		159.695		-17.915		-9.47		1.13																		0.00		240		0.63

		240		9		84.945		214.775		71.66		0.28						240		9		100.755		41.025		25.69		0.71								30		1		100.755		41.025		25.69		0.71		270		0.67

		270		10		95.995		203.725		67.97		0.32						270		10		131.94		9.84		9.77		0.93								60		2		131.94		9.84		9.77		0.93		300		0.75

		300		11		113.4		186.32		62.16		0.38						300		11		92.235		49.545		37.55		0.65								90		3		92.235		49.545		37.55		0.65

		330		12		125.425		174.295		58.15		0.42						330		12		89.405		52.375		56.78		0.63								120		4		89.405		52.375		56.78		0.63

		360		13		53.7		246.02		82.08		0.18						360		13		95.67		46.11		51.57		0.67								150		5		95.67		46.11		51.57		0.67

		390		14		78.29		221.43		73.88		0.26						390		14		106.925		34.855		36.43		0.75								180		6		106.925		34.855		36.43		0.75

				Média 		88.95		210.77		70.32		0.29								Média		123.46		18.32		31.72												Média		108.05		33.74		30.02		0.73



												0.51



		Teste Diesel Acrilato de Sódio T=40																				Réplica



		Tempo 		Amostra		Médias (ppm)		Δ remoção		% remoção		C/Co médio								Tempo 		Amostra		Médias (ppm)		Δ remoção				% remoção		C/Co médio								Tempo 		Amostra		Médias (ppm)		Δ remoção		% remoção		C/Co médio

		0		1		218.81						1								0		1		140.88								1								0		1		140.88						1				0		1

		30		2		114.495		104.315		47.67		0.52								30		2		111.35		29.53				20.96		0.79								30		2		111.35		29.53		20.96		0.79				30		0.79

		60		3		128.385		90.425		41.33		0.59								60		3		83.84		57.04				40.49		0.60								60		3		83.84		57.04		40.49		0.60				60		0.60

		90		4		133.725		85.085		38.89		0.61								90		4		92.395		48.485				34.42		0.66								90		4		92.395		48.485		34.42		0.66				90		0.66

		120		5		125.14		93.67		42.81		0.57								120		5		113.25		27.63				19.61		0.80								120		5		113.25		27.63		19.61		0.80				120		0.80

		150		6		128.27		90.54		41.38		0.59								150		6		79.04		61.84				43.90		0.56								150		6		79.04		61.84		43.90		0.56				150		0.56

		180		7		114.96		103.85		47.46		0.53								180		7		82.12		58.76				41.71		0.58								180		7		82.12		58.76		41.71		0.58				180		0.58

		210		8		145.03		73.78		33.72		0.66								210		8		80.615		60.265				42.78		0.57								210		8		80.615		60.265		42.78		0.57				210		0.57

		240		9		142.635		76.175		34.81		0.65								240		9		79.12		61.76				43.84		0.56								240		9		79.12		61.76		43.84		0.56				240		0.56

		270		10		122.59		96.22		43.97		0.56								270		10		66.25		74.63				52.97		0.47								270		10		66.25		74.63		52.97		0.47				270		0.47

		300		11		119.95		98.86		45.18		0.55								300		11		75.28		65.6				46.56		0.53								300		11		75.28		65.6		46.56		0.53

		330		12		126.68		92.13		42.11		0.58								330		12		80.51		60.37				42.85		0.57								330		12		80.51		60.37		42.85		0.57

		360		13		167.59		51.22		23.41		0.77										Média		85.80		55.08				39.10		0.57										Média		85.80		55.08		39.10

				Média		130.79		88.02		40.23		0.58



												0.58



























































































































































































































































































































































































































































































































































































































































































































Plan2

		Teste Diesel Ácido Acrílico T=25



																		Réplica



		Tempo 		Amostra		Médias (ppm)		Δ remoção		% remoção		C/Co médio				Tempo 		Amostra		Médias (ppm)		Δ remoção		% remoção		C/Co médio

		0		1		271.6						1				0		1		136.86						1

		30		2		143.0		128.6		47.35		0.53				30		2		94.32		42.54		31.08		0.69

		60		3		129.8		141.8		52.20		0.48				60		3		82.11		54.75		40.00		0.60

		90		4		125.4		146.2		53.83		0.46				90		4		90.77		46.09		33.68		0.66

		120		5		130.3		141.3		52.02		0.48				120		5		86.81		50.05		36.57		0.63

		150		6		127.7		143.9		52.99		0.47				150		6		81.395		55.465		40.53		0.59

		180		7		125.6		146.0		53.76		0.46				180		7		101.08		35.78		26.14		0.74

		210		8		114.1		157.5		58.00		0.42				210		8		93.26		43.6		31.86		0.68

		240		9		124.5		147.1		54.17		0.46				240		9		83.07		53.79		39.30		0.61

		270		10		133.6		138.0		50.81		0.49				270		10		88.31		48.55		35.47		0.65

		300		11		161.6		110.0		40.52		0.59				300		11		87.665		49.195		35.95		0.64

		330		12		131.5		140.2		51.60		0.48				330		12		87.58		49.28		36.01		0.64

		360		13		130.6		141.0		51.91		0.48				360		13		101.055		35.805		26.16		0.74

		390		14		132.6		139.0		51.19		0.49				390		14		82.185		54.675		39.95		0.60

		420		15		160.9		110.7		40.75		0.59				420		15		82.125		54.735		39.99		0.60

				Média		133.7		138.0		50.79		0.48						Média		88.70		48.16		35.19		0.64



										0.56



		Teste Diesel Ácido Acrílico T=40

																				Réplica



		Tempo 		Amostra		Médias (ppm)		Δ remoção		% remoção		C/Co médio				Tempo 		Amostra		Médias (ppm)		Δ remoção		% remoção		C/Co médio

		0		1		377.97						1				0		1		181.775						1

		30		2		264.9		113.0		29.91		0.70				30		2		147.825		34.0		18.68		0.81

		60		3		254.1		123.9		32.78		0.67				60		3		143.675		38.1		20.96		0.79

		90		4		242.2		135.8		35.93		0.64				90		4		140.19		41.6		22.88		0.77

		120		5		270.2		107.8		28.52		0.71				120		5		145.745		36.0		19.82		0.80

		150		6		209.0		168.9		44.69		0.55				150		6		105.245		76.5		42.10		0.58

		180		7		260.4		117.6		31.11		0.69				180		7		114.22		67.6		37.16		0.63

		210		8		265.0		113.0		29.90		0.70				210		8		115.785		66.0		36.30		0.64

		240		9		282.8		95.2		25.17		0.75				240		9		110.67		71.1		39.12		0.61

		270		10		298.2		79.7		21.09		0.79				270		10		97.085		84.7		46.59		0.53

		300		11		290.2		87.8		23.22		0.77				300		11		117.175		64.6		35.54		0.64

				Média		264.9		114.3		30.23		0.70						Média		123.76		58.0		31.92		0.64



												0.67











Plan3

		Teste Biodiesel Acrilato de Sódio T=25

																																Biodiesel Saturado 		1602.54		1543.12				Biodiesel saturado 		1489.88		1489.88

																																		1460.13								1508.82

																										Réplica								1543.12								1447.53

																																Amostra 1		1135.46		1138.73				Amostra 1		877.97		858.57

														 25oC Biodiesel																				1142								839.17

														Amostras acrilato de sodio						Amostras acido acrilico												Amostra 2		1121.7		1126.985				Amostra 2		801.97		794.99

		Tempo 		Amostra		Médias (ppm)		Δ remoção		% remoção		C/Co médio		amostras		amostras		desvios		amostras		amostras		desvios										1132.27								788.01

		0		1		1489.88						1		1489.88		1508.82		13.3926024357		1602.54		1543.12		42.0162849381		858.57		1138.73				Amostra 3		1135.29		1128.475				Amostra 3		725.17		720.35

		30		2		858.57		631.31		42.37		0.58		877.97		839.17		27.43574311		1135.46		1142		4.624478349		794.99		1126.985						1121.66								715.53

		60		3		794.99		694.89		46.64		0.53		801.97		788.01		9.8712106654		1121.7		1132.27		7.4741186771		720.35		1128.475				Amostra 4		1071.73		1074.54				Amostra 4		692.96		699.165

		90		4		720.35		769.53		51.65		0.48		725.17		715.53		6.8165093706		1135.29		1121.66		9.6378654276		699.165		1074.54						1077.35								705.37

		120		5		699.165		790.715		53.07		0.47		692.96		705.37		8.7751951545		1071.73		1077.35		3.9739401103		654.23		1053.495				Amostra 5		1051.69		1053.495				Amostra 5		654.91		654.23

		150		6		654.23		835.65		56.09		0.44		654.91		653.55		0.9616652223		1051.69		1055.3		2.5526554802		615.065		965.15						1055.3								653.55

		180		7		615.065		874.815		58.72		0.41		623.54		606.59		11.9854599411		961.39		968.91		5.3174429945		626.11		923.515				Amostra 6		961.39		965.15				Amostra 6 		623.54		615.065

		210		8		626.11		863.77		57.98		0.42		629.98		622.24		5.4730064864		923.04		923.99		0.6717514421		618.765		988.685						968.91								606.59

		240		9		618.765		871.115		58.47		0.42		610.55		626.98		11.6177644149		987.96		989.41		1.0253048327		620.87		947.48				Amostra 7		923.04		923.515				Amostra 7		629.98		626.11

		270		10		620.87		869.01		58.33		0.42		633.15		608.59		17.3665425459		946.71		948.25		1.0889444431		586.01		954.11						923.99								622.24

		300		11		586.01		903.87		60.67		0.39		589.32		582.70		4.6810468915		957.68		950.54		5.0487424177								Amostra 8		987.96		988.685				Amostra 8		610.55		618.765

				Média		679.41		810.47		54.40		0.43																						989.41								626.98

														 40oC Biodiesel																		Amostra 9		946.71		947.48				Amostra 9		633.15		620.87

														Amostras acrilato de sodio						Amostras acido acrilico						1491.92		1635.37						948.25								608.59

		Teste Biodiesel Acrilato de Sódio T=40												amostras		amostras		desvios		amostras		amostras		desvios		997.525		1116.235				Amostra 10		957.68		954.11				Amostra 10		589.32		586.01

														992.11		1002.94		7.6579664402		1121.28		1111.19		7.1347074221		1037.475		994.005						950.54								582.7

														1013.84		1061.11		33.4249375467		992.53		995.48		2.0859650045		1319.27		1016.395

		Tempo 		Amostra		Médias (ppm)		Δ remoção		% remoção		C/Co médio		1319.61		1318.93		0.4808326112		1024.11		1008.68		10.9106576337		1403.7825		1038.355				Biodiesel Saturado 		1491.92		1491.92				Biodiesel saturado 		1688.25		1635.37

		0		1		1491.92						1		1396.01		1411.555		10.9919749136		1053.39		1023.32		21.2627009103		1137.9875		1062.0675						1509.87								1627.05

		30		2		997.53		494.40		33.14		0.67		1159.5		1116.475		30.4232692605		1072.26		1051.875		14.4143717345		855.94		888.58						1482.77								1635.37

		60		3		1037.48		454.45		30.46		0.70		850.44		861.44		7.7781745931		887.01		890.15		2.220315293		905.15		820.3175				Amostra 1		992.11		997.525				Amostra 1		1121.28		1116.235

		90		4		1319.27		172.65		11.57		0.88		916.67		893.63		16.2917402385		802.66		837.975		24.9714759776		1000.43		713.0575						1002.94								1111.19

		120		5		1411.55		80.37		5.39		0.95		1000.79		1000.07		0.5091168825		713.05		713.065		0.0106066017		830.2975		837.095				Amostra 2		1013.84		1037.475				Amostra 2		992.53		995.48

		150		6		1116.48		375.45		25.17		0.75		832.2		828.395		2.6905413024		834.07		840.12		4.2779960262				810.03						1061.11								998.43

		180		7		861.44		630.48		42.26		0.58								812.84		807.22		3.9739401103								Amostra 3		1319.61		1319.27				Amostra 3		1024.11		1008.68

		210		8		893.63		598.29		40.10		0.60																						1318.93								993.25

		240		9		1000.07		491.85		32.97		0.67																				Amostra 4		1396.01		1411.555				Amostra 4		1053.39		1023.32

		270		10		828.40		663.53		44.47		0.56																						1427.1								993.25

				Média		1051.76		440.16		29.50		0.67																				Amostra 5		1159.5		1116.475				Amostra 5		1072.26		1051.875

																																		1073.45								1031.49

						0.7049700312																										Amostra 6		850.44		861.44				Amostra 6 		887.01		890.15

																																		872.44								893.29

																																Amostra 7		916.67		893.63				Amostra 7		802.66		837.975

																																		870.59								873.29

																																Amostra 8		999.35		1000.07				Amostra 8		713.05		713.065

																																		1000.79								713.08

																																Amostra 9		832.2		828.395				Amostra 9		834.07		840.12

																																		824.59								846.17

																																								Amostra 10		812.84		807.22

																																										801.6



Remoção de Água T=25ºC

poli(acrilamida-co-ácido acrílico)	42.016284938098039	4.6244783489903094	7.4741186771038768	9.6378654275952158	3.9739401103301737	2.5526554802156562	5.3174429945259201	0.67175144212725235	1.0253048327295773	1.0889444430703878	5.0487424176816154	42.016284938098039	4.6244783489903094	7.4741186771038768	9.6378654275952158	3.9739401103301737	2.5526554802156562	5.3174429945259201	0.67175144212725235	1.0253048327295773	1.0889444430703878	5.0487424176816154	0	30	60	90	120	150	180	210	240	270	300	1489.88	858.57	794.99	720.35	699.16499999999996	654.23	615.06500000000005	626.11	618.76499999999999	620.87	586.01	poli(acrilamida-co-acrilato de sódio)	13.392602435675881	27.435743110041777	9.871210665351505	6.8165093706437698	8.7751951545376734	0.96166522231192075	11.98545994110693	5.4730064863854775	11.617764414895024	17.366542545943265	4.6810468914695882	13.392602435675881	27.435743110041777	9.871210665351505	6.8165093706437698	8.7751951545376734	0.96166522231192075	11.98545994110693	5.4730064863854775	11.617764414895024	17.366542545943265	4.6810468914695882	0	30	60	90	120	150	180	210	240	270	300	1543.12	1138.73	1126.9849999999999	1128.4749999999999	1074.54	1053.4949999999999	965.15	923.51499999999999	988.68499999999995	947.48	954.11	Tempo (min)



ppm de água





Water Removel at 40°C

poli(acrilamida-co-ácido acrílico)	7.1347074221404663	2.0859650045159417	10.910657633700797	21.262700910282359	14.414371734480302	2.2203152929875869	24.971475977605849	1.0606601717868955E-2	4.2779960261807899	3.9739401102715846	7.1347074221404663	2.0859650045159417	10.910657633700797	21.262700910282359	14.414371734480302	2.2203152929875869	24.971475977605849	1.0606601717868955E-2	4.2779960261807899	3.9739401102715846	0	30	60	90	120	150	180	210	240	270	300	1635.37	1116.2350000000001	994.005	1016.395	1038.355	1062.0675000000001	888.57999999999993	820.31749999999988	713.0575	837.09500000000003	poli(acrilamida-co-acrilato de sódio)	7.6579664402365184	33.424937546687474	0.48083261120673659	10.991974913572976	30.423269260549372	7.7781745930520225	16.291740238536935	0.50911688245433351	2.6905413023786755	7.6579664402365184	33.424937546687474	0.48083261120673659	10.991974913572976	30.423269260549372	7.7781745930520225	16.291740238536935	0.50911688245433351	2.6905413023786755	0	30	60	90	120	150	180	210	240	270	300	1491.92	997.52500000000009	1037.4749999999999	1319.27	1403.7824999999998	1137.9875	855.94	905.15	1000.43	830.29750000000001	Time (min)



ppm water





Water Removel at 25 °C

poly(acrylamide-co-acrylic acid)	42.016284938098039	4.6244783489903094	7.4741186771038768	9.6378654275952158	3.9739401103301737	2.5526554802156562	5.3174429945259201	0.67175144212725235	1.0253048327295773	1.0889444430703878	5.0487424176816154	42.016284938098039	4.6244783489903094	7.4741186771038768	9.6378654275952158	3.9739401103301737	2.5526554802156562	5.3174429945259201	0.67175144212725235	1.0253048327295773	1.0889444430703878	5.0487424176816154	0	30	60	90	120	150	180	210	240	270	300	1489.88	858.57	794.99	720.35	699.16499999999996	654.23	615.06500000000005	626.11	618.76499999999999	620.87	586.01	poly(acrylamide-co-acrylate sodium)	13.392602435675881	27.435743110041777	9.871210665351505	6.8165093706437698	8.7751951545376734	0.96166522231192075	11.98545994110693	5.4730064863854775	11.617764414895024	17.366542545943265	4.6810468914695882	13.392602435675881	27.435743110041777	9.871210665351505	6.8165093706437698	8.7751951545376734	0.96166522231192075	11.98545994110693	5.4730064863854775	11.617764414895024	17.366542545943265	4.6810468914695882	0	30	60	90	120	150	180	210	240	270	300	1543.12	1138.73	1126.9849999999999	1128.4749999999999	1074.54	1053.4949999999999	965.15	923.51499999999999	988.68499999999995	947.48	954.11	Time (min)



ppm water





poly(acrylamide-co-acrylic acid)	7.1347074221404663	2.0859650045159417	10.910657633700797	21.262700910282359	14.414371734480302	2.2203152929875869	24.971475977605849	1.0606601717868955E-2	4.2779960261807899	3.9739401102715846	7.1347074221404663	2.0859650045159417	10.910657633700797	21.262700910282359	14.414371734480302	2.2203152929875869	24.971475977605849	1.0606601717868955E-2	4.2779960261807899	3.9739401102715846	0	30	60	90	120	150	180	210	240	270	300	1635.37	1116.2350000000001	994.005	1016.395	1038.355	1062.0675000000001	888.57999999999993	820.31749999999988	713.0575	837.09500000000003	poly(acrylamide-co-acrylate sodium)	7.6579664402365184	33.424937546687474	0.48083261120673659	10.991974913572976	30.423269260549372	7.7781745930520225	16.291740238536935	0.50911688245433351	2.6905413023786755	7.6579664402365184	33.424937546687474	0.48083261120673659	10.991974913572976	30.423269260549372	7.7781745930520225	16.291740238536935	0.50911688245433351	2.6905413023786755	0	30	60	90	120	150	180	210	240	270	300	1491.92	997.52500000000009	1037.4749999999999	1319.27	1403.7824999999998	1137.9875	855.94	905.15	1000.43	830.29750000000001	Time (min)



ppm water







Plan4

		Teste Biodiesel Ácido Acrílico T=25

																								Réplica

		Tempo 		Amostra		Médias (ppm)		Δ remoção		% remoção		C/Co médio				Tempo 		Amostra		KF 1		KF2		Médias (ppm)		Δ remoção		% remoção		C/Co médio

		0		1		1543.12						1				0		1		2003.52		1923.77		1963.645						1

		30		2		1138.73		404.39		26.21		0.74				30		2		1355.94		1383.2		1369.57		594.075		30.25		0.70

		60		3		1126.99		416.14		26.97		0.73				60		3		1148.9		1156.14		1152.52		811.125		41.31		0.59

		90		4		1128.48		414.65		26.87		0.73				90		4		1135.58		1151.06		1143.32		820.325		41.78		0.58

		120		5		1074.54		468.58		30.37		0.70				120		5		1160.08		1052.54		1106.31		857.335		43.66		0.56

		150		6		1053.50		489.63		31.73		0.68				150		6		1163.55		1179.77		1171.66		791.985		40.33		0.60

		180		7		965.15		577.97		37.45		0.63				180		7		1075.44		1095.23		1085.335		878.31		44.73		0.55

		210		8		923.52		619.61		40.15		0.60				210		8		982.75		958.11		970.43		993.215		50.58		0.49

		240		9		988.69		554.44		35.93		0.64				240		9		949.93		995.01		972.47		991.175		50.48		0.50

		270		10		947.48		595.64		38.60		0.61				270		10		967.59		965.16		966.375		997.27		50.79		0.49

		300		11		954.11		589.01		38.17		0.62				300		11		867.72		851.78		859.75		1103.895		56.22		0.44

				Média		1030.12		513.00		33.24		0.66												1079.774		883.871		45.01		0.55











		Teste Biodiesel Ácido Acrílico T=40



																		Réplica

		Tempo 		Amostra		Médias (ppm)		Δ remoção		% remoção		C/Co médio				Tempo 		Amostra		KF 1		KF2		Médias (ppm)		Δ remoção		% remoção		C/Co médio

		0		1		1635.37						1				0		1		1950.1		2306.71		2128.405						1

		30		2		1116.235		519.14		31.74		0.68				30		2		1263.69		1249.22		1256.455		871.95		40.97		0.59

		60		3		995.48		639.89		39.13		0.61				60		3		1268.93		1352.97		1310.95		817.455		38.41		0.62

		90		4		1008.68		626.69		38.32		0.62				90		4		1201.69		1229.01		1215.35		913.055		42.90		0.57

		120		5		1023.32		612.05		37.43		0.63				120		5		1410.48		1450.61		1430.545		697.86		32.79		0.67

		150		6		1051.875		583.50		35.68		0.64				150		6		1757.5		1797.96		1777.73		350.675		16.48		0.84

		180		7		890.15		745.22		45.57		0.54				180		7		1238.68		1082.13		1160.405		968		45.48		0.55

		210		8		837.975		797.40		48.76		0.51				210		8		1868.47		1717.08		1792.775		335.63		15.77		0.84

		240		9		713.065		922.31		56.40		0.44				240		9		1895.79		1900.86		1898.325		230.08		10.81		0.89

		270		10		840.12		795.25		48.63		0.51				270		10		2061.9		2014.89		2038.395		90.01		4.23		0.96

		300		11		807.22		828.15		50.64		0.49				300		11		2120.83		2136.63		2128.73		-0.325		-0.02		1.00

				Média		928.41		706.96		43.23		0.58



























































































































































































































Plan5

		Resultados Finais



		Diesel

																Temperatuta 		Acrilato		erros		Á.A		erros		Temperatuta 		Acrilato		erros		Á.A		erros

		Temperatura				hidrogel 										25		97.9		ERROR:#NAME?		111.2		ERROR:#NAME?		25		0.51				0.56

		25		1		Acrilato		1								40		107.78		ERROR:#NAME?		194.3		ERROR:#NAME?		40		0.58				0.67

		40		-1		Á.Acrílico		-1





		Temperatura		Hidrogel		média (ppm)		Δ remoção		% remoção

		-1		-1		264.9		114.1		30.23

		1		-1		133.7		138		50.79

		-1		1		129.75		89.06		40.7

		1		1		89.74		209.98		70.06

		Temperatura		Hidrogel		média (ppm)		Δ remoção		% remoção

		-1		-1		123.76		58		31.92

		1		-1		88.7		48.16		35.19

		-1		1		85.8		55.08		39.1

		1		1		106.06		35.72		31.73

		Biodiesel

		Temperatura		Hidrogel		média (ppm)		Δ remoção		% remoção

		-1		-1		928.41		706.96		43.23		0.58

		1		-1		1030.12		513.00		33.24		0.66				PPm Biodiesel

		-1		1		1051.76		440.16		29.50		0.67				Temperatura		Acrilato				Á.A

		1		1		679.41		810.47		54.40		0.43				25		679.41				1030.12

																40		1051.76				928.41

																C/Co

																Temperatura		Acrilato				Á.A

																25		0.43				0.66

																40		0.67				0.58



Diesel

poly(acrylamide-co-acrylate sodium)	0	0	0	0	25	40	97.9	107.77500000000001	poly(acrylamide-co-acrylic acid)	0	0	0	0	25	40	111.19999999999999	194.32999999999998	Temperature



C/Co medium







Biodiesel

Acrilato de Sódio	25	40	679.41	1051.76	Ácido Acrílico	25	40	1030.1199999999999	928.41	Temperatura



ppm de água







poly (acrylamide-co-acrylate sodium)	25	40	0.43	0.67	poly (acrylamide-co-acrylic acid)	25	40	0.66	0.57999999999999996	Temperature (°C) 



C/Co medium







Diesel

Acrilato de Sódio	25	40	0.51	0.57999999999999996	Ácido Acrílico	25	40	0.56000000000000005	0.67	Temperatura



C/Co médio







Biodiesel

Acrilato	25	40	0.43	0.67	Á.A	25	40	0.66	0.57999999999999996	Temperatura



C/Co médio









Sheet1

		Teste Diesel Acrilato de Sódio T=25

										desv 

		0		279.73		1.00		1.00		0

		30		122.76		0.44		0.40		0.0265021757

		60		73.76		0.26		0.23		0.0273279706

		90		79.95		0.29		0.30		0.0089389297

		120		102.01		0.36		0.34		0.0206791075

		150		84.03		0.30		0.29		0.0077519044

		180		79.92		0.29		0.25		0.0250282412

		210		70.82		0.25		0.26		0.0040896293

		240		82.87		0.30		0.30		0.002937074

		270		100.22		0.36		0.29		0.0496239808

		300		113.91		0.41		0.33		0.0576266478

		330		131.16		0.47		0.38		0.0600102452

		360		121.83		0.44		0.42		0.0113044791

		390		51.29		0.18		0.18		0.0027763059

		420		82.83		0.30		0.26		0.0231327008

		0		319.71		1.00

		30		116.34		0.36

		60		59.59		0.19

		90		99.46		0.31

		120		97.89		0.31

		150		89.03		0.28

		180		68.71		0.21

		210		84.64		0.26

		240		97.37		0.30

		270		69.67		0.22

		300		78.08		0.24

		330		95.64		0.30

		360		129.02		0.40

		390		56.11		0.18

		420		73.75		0.23

		Teste Diesel Acrilato de Sódio T=40

		Teste Diesel Ácido Acrílico T=25

		Teste Diesel Ácido Acrílico T=40

		Teste Biodiesel Acrilato de Sódio T=25

		Teste Biodiesel Acrilato de Sódio T=40

		Teste Biodiesel Ácido Acrílico T=25

		Teste Biodiesel Ácido Acrílico T=40



Diesel- Acrilato T=25

Acrilato T=25	0	30	60	90	120	150	180	210	240	270	300	330	360	390	1	0.39887228079540898	0.22245762711864403	0.29929600960896835	0.28870278926998527	0.24794808487922057	0.25934205258241022	0.30068063525957561	0.28341452021887092	0.32028226344588279	0.37835312958761508	0.41847390898171621	0.17916722274122512	0.26121046309889229	Tempo



C/Co médio 





Teste Diesel- Á.A T =40 Rep

0	30	60	90	120	150	180	210	240	270	300	1	0.81323064227754083	0.7904002200522624	0.77122816668958871	0.80178792463210014	0.57898500893962312	0.62835923531838811	0.63696878008527025	0.6088295970292944	0.53409434740750927	0.64461559620409847	Tempo (min)



C/Co médio 







Teste Biodiesel- Acrilato T=25

0	30	60	90	120	150	180	210	240	270	300	1	0.57626788734663192	0.5335933095282841	0.4834953150589309	0.46927604907777803	0.43911590195183503	0.41282854995033158	0.42024189867640344	0.41531197143394094	0.41672483689961604	0.39332697935404193	Tempo (min)



C/Co médio 







Teste Biodiesel- Acrilato T=40

0	30	60	90	120	150	180	210	240	270	1	0.66861829052496102	0.69539586573006584	0.88427663681698743	0.94612981929325957	0.74834776663628066	0.57740361413480612	0.59897983806102195	0.67032414606681323	0.55525430317979507	Tempo (min)



C/Co médio 







Teste Biodiesel- Á.A  T=25

0	30	60	90	120	150	180	210	240	270	300	1	0.73794001762662664	0.73032881435014774	0.73129439058530765	0.6963424749857432	0.68270452071128618	0.62545362641920266	0.59847257504277052	0.64070519467053766	0.61400279952304426	0.61829928975063508	Tempo (min)



C/Co médio 







Teste Biodiesel- Á.A T=40

0	30	60	90	120	150	180	210	240	270	300	1	0.68255807554253778	0.60871851629906393	0.6167900842011288	0.62574218678341909	0.64320306719580278	0.54431107333508633	0.51240697823734083	0.43602670955196687	0.51371860802142633	0.49360083650794628	











Diesel- Acrilato T=25 rep	0	30	60	90	120	150	180	210	240	270	300	1	0.77489772887572295	0.79161376780928194	0.8028283255748343	0.60798420087459448	0.71064325010579765	0.93059669911129916	0.65055014811680067	0.63058964593031452	0.67477782479898429	0.75416137678092821	Tempo (min)



C/Co médio 







Diesel-Acrilato T=25 KF 1 Kf2

420	279.73	122.76	73.760000000000005	79.95	102.01	84.03	79.92	70.819999999999993	82.87	100.22	113.91	131.16	121.83	51.29	82.83	0	2.6502175668410136E-2	2.7327970561734572E-2	8.9389297142129787E-3	2.0679107513292824E-2	7.7519044317996876E-3	2.5028241240810011E-2	4.0896292512547288E-3	2.9370739750091976E-3	4.9623980819357032E-2	5.7626647795767962E-2	6.0010245184065558E-2	1.1304479103341567E-2	2.7763059263328574E-3	2.3132700840279855E-2	0	2.6502175668410136E-2	2.7327970561734572E-2	8.9389297142129787E-3	2.0679107513292824E-2	7.7519044317996876E-3	2.5028241240810011E-2	4.0896292512547288E-3	2.9370739750091976E-3	4.9623980819357032E-2	5.7626647795767962E-2	6.0010245184065558E-2	1.1304479103341567E-2	2.7763059263328574E-3	2.3132700840279855E-2	30	60	90	120	150	180	210	240	270	300	330	360	390	420	0.40137201363903163	0.22503525042087535	0.29845287369163737	0.33542840330748164	0.28943396282913925	0.2503087935784063	0.258956311400799	0.30040360516320391	0.28809514328308622	0.32571771244317621	0.38401340377481186	0.41954016776922975	0.17942908890628384	0.26339238102048662	Tempo (min)



C/Co médio 







Diesel-Acrilato T=25 KF 2

Teste Diesel-Acrilato T=25 KF 2	0	30	60	90	120	150	180	210	240	270	300	330	360	390	420	1	0.36389227737637236	0.1863876638203372	0.31109442932657722	0.30618372900441027	0.27847111444746803	0.21491351537330705	0.26473992055300116	0.30455725501235498	0.21791623658940917	0.24422132557630352	0.29914610115417101	0.40355322010572087	0.17550279941196711	0.23067780175784305	Tempo (min)



C/Co médio 









Teste Diesel Acrilato de Sódio T=40	0	30	60	90	120	150	180	210	240	270	300	330	360	1	0.52326219094191306	0.58674192221562083	0.61114665691695991	0.57191170421827153	0.58621635208628498	0.52538732233444541	0.66281248571820306	0.65186691650290196	0.56025775787212651	0.54819249577258811	0.57894977377633561	0.76591563456880396	Tempo (min) 



C/Co médio 







Teste Diesel Acrilato de Sódio T=40 rep

Diesel- Acrilato T=25 rep	0	30	60	90	120	150	180	210	240	270	300	330	1	0.79038898353208398	0.59511641113003977	0.65584185122089722	0.80387563884156732	0.56104486087450323	0.58290743895513919	0.5722245883021011	0.56161272004542884	0.47025837592277114	0.5343554798409994	0.57147927314026126	Diesel- Acrilato T=25 rep	0	30	60	90	120	150	180	210	240	270	300	330	1	0.79038898353208398	0.59511641113003977	0.65584185122089722	0.80387563884156732	0.56104486087450323	0.58290743895513919	0.5722245883021011	0.56161272004542884	0.47025837592277114	0.5343554798409994	0.57147927314026126	Tempo (min)



C/Co médio 







Teste diesel-Á.A T=25	0	30	60	90	120	150	180	210	240	270	300	330	360	390	420	1	0.52645337064172892	0.47796472883914431	0.46172821324693492	0.47975037737933068	0.47010419351275723	0.46244615441257686	0.41997717315268213	0.45830418614925811	0.49190015095173217	0.59484186885608037	0.48396598063399721	0.48094694598873383	0.48808954014947897	0.59248554913294804	Tempo (min)



C/Co médio 









Diesel- Á.A T=25 rep	0	30	60	90	120	150	180	210	240	270	300	330	360	390	420	1	0.68917141604559395	0.59995615957913184	0.66323250036533676	0.63429782259243017	0.59473184275902369	0.7385649568902527	0.68142627502557351	0.60697062691801829	0.64525792780944025	0.64054508256612597	0.63992400993716203	0.73838228846996934	0.60050416483998237	0.60006576063130201	Tempo (min)



C/Co médio 







Teste Diesel- Á.A T=40

0	30	60	90	120	150	180	210	240	270	300	1	0.70094187369367933	0.67218297748498557	0.64071222583802945	0.71479217927348726	0.5530597666481466	0.68894356694975778	0.70098155938301976	0.748260443950578	0.78905733259253374	0.7678387173585205	Tempo (min)



C/Co médio 









Sheet2







Plan6

																														diesel

		Diesel  ac 25												Diesel  ac 25						média								desvios		mèdia

		Amostra 1		146.85		142.99								amostras		amostras		desvios		271.6				Diesel  acrilato 25		0		0		0

				139.13										146.85		139.13		ERROR:#NAME?		142.99				amostras		amostras				299.72

		Amostra 2		130.51		129.82								130.51		129.13		ERROR:#NAME?		129.82				109		110.73		ERROR:#NAME?		109.865

				129.13										119.72		123.29		ERROR:#NAME?		121.505				112.91		111.56		ERROR:#NAME?		112.235

		amostra 3		119.72		125.41								127.53		133.08		ERROR:#NAME?		130.305				113.21		114.44		ERROR:#NAME?		113.825

				123.29										134.03		121.34		ERROR:#NAME?		127.685				91.96		80.44		ERROR:#NAME?		86.2

		Amostra 4		127.53		130.305								125.47		125.74		ERROR:#NAME?		125.605				132.41		175.715		ERROR:#NAME?		154.0625

				133.08										122.76		105.38		ERROR:#NAME?		114.07				120.94		134.25		ERROR:#NAME?		127.595

		Amostra 5		134.03		127.685								129.92		119.04		ERROR:#NAME?		124.48				187.27		191.05		ERROR:#NAME?		189.16

				121.34										135.59		131.62		ERROR:#NAME?		133.605				174.48		144.91		ERROR:#NAME?		159.695

		Amostra 6		125.47		125.605								158.19		164.94		ERROR:#NAME?		161.565				101.11		100.4		ERROR:#NAME?		100.755

				125.74										158.19		164.94		ERROR:#NAME?		161.565				130.51		133.37		ERROR:#NAME?		131.94

		Amostra 7		122.76		114.07

				105.38

		Amostra 8		129.92		124.48

				119.04

		Amostra 9		135.59		133.605

				131.62

		Amostra 10		158.19		161.565

				164.94

		Amostra 10		158.19		161.565

				164.94										Diesel ac 40						média				Diesel acrilato 40		0		0		média

		Diesel ac 40												amostras		amostras		desvios		377.97				amostras		amostras		desvios		218.81

		Amostra 1		267.54										267.54		262.31		ERROR:#NAME?		264.925				111.35		101.37		ERROR:#NAME?		106.36

				262.31										257.19		250.94		ERROR:#NAME?		254.065				83.56		84.12		ERROR:#NAME?		83.84

		Amostra2		257.19										242.3		242.04		ERROR:#NAME?		242.17				85.93		98.86		ERROR:#NAME?		92.395

				250.94										277.05		263.29		ERROR:#NAME?		270.17				122.69		103.81		ERROR:#NAME?		113.25

		Amostra 3		242.3										237.88		180.2		ERROR:#NAME?		209.04				161.06		158.045		ERROR:#NAME?		159.5525

				242.04										266.79		254.01		ERROR:#NAME?		260.4				82.52		82.12		ERROR:#NAME?		82.32

		Amostra 4		277.05										265.33		264.57		ERROR:#NAME?		264.95				80.54		83.7		ERROR:#NAME?		82.12

				263.29										278.62		287.02		ERROR:#NAME?		282.82				83.08		85.95		ERROR:#NAME?		84.515

		Amostra 5		237.88										303.82		292.66		ERROR:#NAME?		298.24				72.29		78.15		ERROR:#NAME?		75.22

				180.2										289.27		291.17		ERROR:#NAME?		290.22				80.61		80.41		ERROR:#NAME?		80.51

		Amostra 6		266.79																				0		0		ERROR:#NAME?		0

				254.01

		Amostra 7		265.33

				264.57

		Amostra 8		278.62

				287.02

		Amostra 9		303.82

				292.66

		Amostra 10		289.27

				291.17

														Diesel  acrilato 25

														amostras		amostras		desvios		mèdia

		Amostra 1		109		109.865								109		110.73

				110.73										112.91		111.56

		Amostra 2		112.91		112.235								113.21		114.44

				111.56										91.96		80.44

		Amostra 3		113.21		113.825								132.41		175.715

				114.44										120.94		134.25

		Amostra 4		91.96		86.2								187.27		191.05

				80.44										174.48		144.91

		Amostra 5		132.41										101.11		100.4

				219.02										130.51		133.37

		Amostra 6 		120.94		127.595

				134.25

		Amostra 7		187.27		189.16

				191.05										Diesel acrilato 40

		Amostra 8		174.48		159.695								amostras		amostras		desvios		mèdia

				144.91										111.35		101.37

		Amostra 9		101.11		100.755								83.56		84.12

				100.4										85.93		98.86

		Amostra 10		130.51		131.94								122.69		103.81

				133.37										161.06		158.045

														82.52		82.12

														80.54		83.7

		Amostra 1		121.33										83.08		85.95

				101.37										72.29		78.15

		Amostra 2		83.56		83.84								80.61		80.41

				84.12

		Amostra 3		85.93		92.395

				98.86

		Amostra 4		122.69		113.25												155.03

				103.81

		Amostra 5		161.06														75.56

				155.03

		Amostra 6 		82.52		79.04

				75.56

		Amostra 7		80.54

				83.7

		Amostra 8		78.15		80.615

				83.08

		Amostra 9		85.95		79.12

				72.29

		Amostra 12		80.61		80.51

				80.41



Remoção de Água T=25ºC

poli(acrilamida-co-ácido acrílico)	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	30	60	90	120	150	180	210	240	270	300	271.60000000000002	142.99	129.82	121.505	130.30500000000001	127.685	125.60499999999999	114.07	124.47999999999999	133.60500000000002	161.565	161.565	poli(acrilamida-co-acrilato de sódio)	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	30	60	90	120	150	180	210	240	270	300	299.72000000000003	109.86500000000001	112.235	113.82499999999999	86.199999999999989	154.0625	127.595	189.16000000000003	159.69499999999999	100.755	131.94	Tempo (min)



ppm de água





Remoção de Água T=40ºC

poli(acrilamida-co-ácido acrílico)	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	30	60	90	120	150	180	210	240	270	300	377.97	264.92500000000001	254.065	242.17000000000002	270.17	209.04	260.39999999999998	264.95	282.82	298.24	290.22000000000003	poli(acrilamila-co-acrilato de sódio)	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	30	60	90	120	150	180	210	240	270	300	218.81	106.36	83.84	92.39500000000001	113.25	159.55250000000001	82.32	82.12	84.515000000000001	75.22	80.509999999999991	Tempo (min)



ppm de água







Sheet3



poly(acrylamide-co-acrylic acid)	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	30	60	90	120	150	180	210	240	270	300	377.97	264.92500000000001	254.065	242.17000000000002	270.17	209.04	260.39999999999998	264.95	282.82	298.24	290.22000000000003	poly(acrylamide-co-acrylate sodium)	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	30	60	90	120	150	180	210	240	270	300	218.81	106.36	83.84	92.39500000000001	113.25	159.55250000000001	82.32	82.12	84.515000000000001	75.22	80.509999999999991	Time (min)



ppm water





poly(acrylamide-co-acrylic acid)	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	30	60	90	120	150	180	210	240	270	300	271.60000000000002	142.99	129.82	121.505	130.30500000000001	127.685	125.60499999999999	114.07	124.47999999999999	133.60500000000002	161.565	161.565	poly(acrylamide-co-acrylate sodium)	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	30	60	90	120	150	180	210	240	270	300	299.72000000000003	109.86500000000001	112.235	113.82499999999999	86.199999999999989	154.0625	127.595	189.16000000000003	159.69499999999999	100.755	131.94	Time (min)



ppm water





poly(acrylamide-co-acrylic acid)	42.016284938098039	4.6244783489903094	7.4741186771038768	9.6378654275952158	3.9739401103301737	2.5526554802156562	5.3174429945259201	0.67175144212725235	1.0253048327295773	1.0889444430703878	5.0487424176816154	42.016284938098039	4.6244783489903094	7.4741186771038768	9.6378654275952158	3.9739401103301737	2.5526554802156562	5.3174429945259201	0.67175144212725235	1.0253048327295773	1.0889444430703878	5.0487424176816154	0	30	60	90	120	150	180	210	240	270	300	1543.12	1138.73	1126.9849999999999	1128.4749999999999	1074.54	1053.4949999999999	965.15	923.51499999999999	988.68499999999995	947.48	954.11	poly(acrylamide-co-acrylate sodium)	13.392602435675881	27.435743110041777	9.871210665351505	6.8165093706437698	8.7751951545376734	0.96166522231192075	11.98545994110693	5.4730064863854775	11.617764414895024	17.366542545943265	4.6810468914695882	13.392602435675881	27.435743110041777	9.871210665351505	6.8165093706437698	8.7751951545376734	0.96166522231192075	11.98545994110693	5.4730064863854775	11.617764414895024	17.366542545943265	4.6810468914695882	0	30	60	90	120	150	180	210	240	270	300	1489.88	858.57	794.99	720.35	699.16499999999996	654.23	615.06500000000005	626.11	618.76499999999999	620.87	586.01	Time (min)



Water content (ppm)





poly(acrylamide-co-acrylic acid)	7.1347074221404663	2.0859650045159417	10.910657633700797	21.262700910282359	14.414371734480302	2.2203152929875869	24.971475977605849	1.0606601717868955E-2	4.2779960261807899	3.9739401102715846	7.1347074221404663	2.0859650045159417	10.910657633700797	21.262700910282359	14.414371734480302	2.2203152929875869	24.971475977605849	1.0606601717868955E-2	4.2779960261807899	3.9739401102715846	0	30	60	90	120	150	180	210	240	270	300	1635.37	1116.2350000000001	994.005	1016.395	1038.355	1062.0675000000001	888.57999999999993	820.31749999999988	713.0575	837.09500000000003	poly(acrylamide-co-acrylate sodium)	7.6579664402365184	33.424937546687474	0.48083261120673659	10.991974913572976	30.423269260549372	7.7781745930520225	16.291740238536935	0.50911688245433351	2.6905413023786755	7.6579664402365184	33.424937546687474	0.48083261120673659	10.991974913572976	30.423269260549372	7.7781745930520225	16.291740238536935	0.50911688245433351	2.6905413023786755	0	30	60	90	120	150	180	210	240	270	300	1491.92	997.52500000000009	1037.4749999999999	1319.27	1403.7824999999998	1137.9875	855.94	905.15	1000.43	830.29750000000001	Time (min)



ppm water
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