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Abstract

In 2011, Laboratoire National de Métrologie et d'Essais (LNE) installed a primary gas flow standard (dGFS) based on the dynamic gravimetric method. The dGFS developed by Fluke Calibration-Phoenix (FCP) was initially designed to calibrate molbloc laminar flow elements in the range from 0.2 mg·s–1 to 200 mg·s–1 of nitrogen (10 sccm to 10 slm) with a manufacturers expanded uncertainty (k = 2) on the order of ±0.06% of reading (variant with mass depleted). An LNE uncertainty analysis of the dGFS components using the GUM approach has given an expanded uncertainty (k = 2) on the reference mass flowrate of ± (0.06 % of reading + 3×10-4 mg·s–1) in this flow range. This uncertainty has been validated through different international comparisons using commercial transfer standards such as molbloc LFE’s or portable volumetric devices.

LNE and FCP use the dGFS outside the working range to measure flows below 0.2 mg·s–1.  The system as delivered has issues with accurate and repeatable leak determinations and stable measurements in this lower flow range leading to results that are not as satisfactory and with higher uncertainties.

This paper presents the work being done to significantly reduce or reliably quantify the dGFS leakage and to measure stable and repeatable flows between 0.02 mg·s–1 and 0.2 mg·s–1 of nitrogen (1 sccm to 10 sccm) with an associated uncertainty never achieved with the dynamic gravimetric method. 

An international low flow key comparison is in the early stages of development with NIST (USA), CMS (Taiwan), INRIM (Italy) and LNE (France), where improvements in the dynamic gravimetric method would be valuable to LNEs collection of data and the overall comparison. 
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1. Introduction

LNE developed primary gas flow standards based on the principle of the dynamic gravimetric method [1] it has used since the early 2000s to calibrate molbloc laminar flow elements [2].  The calibration uncertainty of the LNE gravimetric standards is between ±0.2 % and ±0.4 % (k = 2) in the range of flow from 0.03 mg·s–1 to 2200 mg·s–1.
Currently, more efficient molbloc/molbox systems are distributed [3] allowing measurements with an uncertainty between 0.1% and 0.2%.  Also the major NMI (NIST NMIJ, PTB or VSL) claim Calibration and Measurement Capabilities (CMC) equal to or better than ±0.1% (k = 2).  In this context, the uncertainties of the LNE reference benches were no longer compatible with the calibration needs of the users of this new generation of flow meters.
LNE needed to improve its calibration facilities, but given the technical requirements and staff needed to modify the existing benches to reduce uncertainty by a factor of 2 to 3, LNE has renounced such work.  Instead LNE preferred to acquire a new dynamic Gravimetric Flow Standard (dGFS) distributed by FCP.  Operating on the same principle as the LNE benches, the dGFS is used in order to generate mass flows between 0.2 mg·s–1 and 200 mg·s–1 of nitrogen or dry air, with an expanded uncertainty better than ±0.1% of reading (k = 2).
LNE uses the dGFS for calibrating molblocs within the range of the system, but as this does not cover the entire range of available molblocs, LNE retained some of its original standards for calibrations between 200 mg·s–1 and 2200 mg·s–1.  The uncertainties of all the LNE flow standards are reported in the CMC of the CIPM-MRA (Mutual Recognition Arrangement CIPM) available on the website of the BIPM.
Based upon the components for the manufacturers uncertainty analysis of the dGFS [4], FCP and LNE knew the system should have been useful down to 0.02 mg·s–1 or less with up to 5 grams depleted.  However, testing below 0.2 mg·s–1 had issues with performance and non-repeatability that were not expected, leading to less satisfactory results and uncertainties.  This paper describes several issues that were encountered and the solutions that were developed.

2. Description of the dGFS

The dGFS periodically measures the mass depletion of a gas-filled, high-pressure carbon fiber wrapped aluminum cylinder while gas is withdrawn from the cylinder over a period of time (typically minutes to hours).  The changes of the filled cylinder’s mass are independent of the thermodynamic conditions and of the chemical composition of the gas in the cylinder.  Thus, the cylinder’s mass changes provide the mass flow from the fundamental SI units of mass (m) and time (t) as shown in Equation (1): 

                 (1)

where the subscripts i and i+1 represent successive time steps.

A comprehensive description of the dGFS can be found in a paper presented at the 2006 ISFFM [5]. 

3. Uncertainty of the dGFS

Fluke offers a manufacturers measurement uncertainty analysis of the dGFS [4].  A separate LNE analysis of the mass flow measuring process leads to additional uncertainty components that need to be incorporated with Equation (1): 
· the repeatability of the reference mass flow   
· the time effect  
· the leak rate on the whole gas line including the catenary 
These components associated with a zero correction do not change the value of the mass flow, but they increase its associated uncertainty. Taking into account all components gives the overall mass flow Equation (2):
	           (2)
The standard uncertainty of the mass flow is estimated with the law of propagation of uncertainty [6] applied to Equation (2). As the sensitivity coefficients are equal to 1 for each of the correction factors and the uncertainty components are supposed to be independent, the uncertainty of   is obtained by Equation (3):
+
          (3)
LNE performed an uncertainty modeling versus flow applicable to the whole range. The regression line is estimated from 13 flow values between 0.2 mg·s–1 and 200 mg·s–1 and its coefficients were modified to include all the uncertainties associated with the set of points. The modified line with k = 2 is represented in Equation (4):
        (4)
Note that the uncorrected leak rate  measured by LNE reached maximum 1.1×10–4 mg·s–1 over a period of 8 hours and that its associated uncertainty  assuming a uniform law is estimated to 6.4×10–5 mg·s–1. For example, the impact of the leak rate for a flow of 0.03 mg·s–1 is 0.21 %. A similar leak rate was already observed with the old benches of LNE and as the dGFS is based on the same principle, this allows to justify the use of the uncertainty reported in the LNE CMC between 0.03 mg·s–1 and 0.2 mg·s–1. This approach while not completely satisfactory metrologically has been adopted while waiting to benefit from improvements on the dGFS in this flow range. A significant reduction of the current LNE uncertainty Equation (5) in this flow range should be obtained. 

          (5)
The detailed uncertainty calculation by LNE of the reference mass flow is presented in a forthcoming publication [7].  The improvements of the dGFS undertaken by FCP between 0.02 mg·s–1 and 0.2 mg·s–1 are described beginning with Section 5 of this paper.
 
4. International comparison

To validate the new bench between 0.2 mg·s–1 and 200 mg·s–1, LNE organized an international comparison. This comparison was conducted informally with participants very experienced and internationally recognized in the field: three NMI (NIST, PTB and CMI) and FCP who also provided the transfer standards and related equipment. Flow measurements were performed early 2011 to late 2012. This international comparison has been published [8]. 
The results of the comparison conducted by LNE show the equivalence of the four metrological laboratories with standardized degrees of equivalence within a range of ± 0.8 and an expanded uncertainty between 0.06 % and 0.2 %. This comparison has validated the uncertainty on the reference mass flow Equation (4) evaluated by LNE with the dGFS.
5. Improvements of the dGFS

5.1 Gas Cylinder Carbon Fiber issues
The dGFS is delivered with two different sized carbon fiber wrapped cylinders, a 1.1 liter as shown in Figure 1, and a 1.5 liter in a similar configuration.  

[image: ]
[bookmark: _Ref453767742]Figure 1: Gas Cylinder 1.1 liter assembly
An effect not previously considered is the possibility of a carbon fiber absorbing moisture.  If the cylinder surface were to absorb moisture as relative humidity increased, or release moisture as it decreased, this could lead to mass errors that would impact data more at the low flows with long test times.

Initial testing seeking a correlation between cylinder mass and humidity using the software delivered with the dGFS were inconclusive and often counterintuitive, with mass changes appearing unsynchronized or in opposition with changes in humidity.

[bookmark: _GoBack]A spreadsheet with an RS232 remote communications add-on was created (see Section 5.4.1 Excel spreadsheet) to gain more control over the data collection method.  Using the data collection spreadsheet, where the lines with a negative slope in Figure 2 and Figure 4 represent the mass change for a constant leak, it became very clear from Figure 2 and additional testing that some of the mass variation is correlated to the relative humidity, but there is a one to two hour delay between a variation in humidity and its impact on the mass measurements.


[bookmark: _Ref453737896][bookmark: _Ref453737886]Figure 2: Humidity impact on carbon fiber cylinder leak measurement
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[bookmark: _Ref458604122]Figure 3: All-aluminium cylinder with offset cradle


[bookmark: _Ref457916222]Figure 4: Humidity impact on aluminium cylinder leak measurement
An adaptation by FCP to use an all-aluminum cylinder with no carbon fiber wrap in Figure 3 further proves out the moisture absorption theory as shown in Figure 4: a relatively stable and repeatable natural leak rate could be measured regardless of a similar change in humidity.

5.2 Eccentric comparator loading
It was noted that between the two cylinders, there was a repeatable difference of approximately 0.03% as measured at the same mass flow on a molbloc with good repeatability.  The cylinders had been characterized by FCP for external volume changes due to pressure or thermal expansion.  While both expansion factors are used by the software, the resulting impact on the air buoyancy corrections were insignificant, and no amount of adjustment of values related to the cylinders (mass, volume, buoyancy) within reasonable limits would correct for the difference.

The gas cylinders have a dual regulator assembly attached to them as shown in Figure 1 that counts as part of the assembled mass, as well as a three legged cylinder cradle for placement on the mass comparator.  It was  determined that the regulator assembly relative to the cradle legs placed more weight on one leg directly below the assembly than the other legs causing eccentric  loading (also known as side loading) on the comparator.  Counterweights were used temporarily to balance out the assemblies and resulted in the elimination of the difference between the cylinders at the same mass flows.  A more permanent solution by FCP was an adaptation of the cradle that allowed the cylinder to be moved off center so the mass could be balanced between the three legs without the need for counterweights. 

5.3 Catenary materials and tests
The catenary shape is a critical component of the dGFS that allows for a continuous dynamic flow connection to the gas cylinder while minimizing the impact on the mass measurements.  Several modifications were made as summarized in Table 1 and shown in Figure 5, and tests were performed on all versions of the catenaries seeking the best configuration for the dGFS system.
[bookmark: _Ref458608013]Table 1: Catenary descriptions
	Cat
	Design
	Len
	OD
	ID
	Material

	
	
	mm
	

	1
	Original
	340
	1.59
	0.79
	PFA

	2
	Fewer Connections
	340
	1.59
	0.79
	PFA

	3
	High Flow, Fewer Connections
	390
	1.92
	1.02
	PFA

	4
	Long Length
	480
	1.59
	0.79
	PFA

	5
	Material & Length
	660
	3.18
	1.59
	PVDF

	6
	Material & Length
	680
	1.59
	1.02
	ETFE



As any connection point could be a leak, attempts were made to reduce the number of connections through various means, but any potential benefit from this was not self-evident and could not be separated out from the leak test results.
[bookmark: _Ref453738032][image: ]
[bookmark: _Ref458608240]Figure 5: Various catenaries tested

5.3.1 Catenary Materials
The original catenary design was made of PFA, but that material has a higher permeability in certain gases (He, CO2, H2), and any permeation will present as a leak, so a low permeation material would be desirable.

When investigating alternative polymers such as those shown in Table 2, the ETFE polymer appears to be an excellent alternative and could be implemented in current and future dGFS systems: it is readily available, heat formable, an improvement in permeability by up to a factor of 10 over PFA for many gases, and capable of more than 0.7 MPa.

[bookmark: _Ref453738117]Table 2: Permeation rates of various polymers [9]
	
	MATERIALS

	GAS
	PTFE
	PFA
	ETFE
	PVDF

	Air
	2000
	1150
	175
	7

	O2
	1500
	6700*
	350
	20

	N2
	500
	2000*
	120
	30

	He
	3500
	17000
	3700
	600

	CO2
	15000
	14000*
	1300
	100


Permeation rate cm3/(m2.24 h.bar)
*DuPont Data not part of original data [10]

5.3.2 Catenary Leak testing
For a minimum target flow of 0.02 mg·s–1, performing a leak test of the catenary installed in the dGFS system would take a significant amount of time to record sufficient data to have confidence in the results.

To establish the leak and/or permeation rate faster, a pressure decay rate was used instead.  The equipment for pressurizing, isolating, and monitoring the pressure was estimated by dimensional calculation to have a volume of 1 cubic centimeter.  A baseline test was run before and after testing the catenaries, substituting a stainless tube to establish the natural leak rate of the equipment.  Each catenary was serialized 1 thru 6, and the volume of each was calculated using the length and inside diameter and added to the equipment volume.  The catenaries were individually connected and pressurized to ~0.8 MPa and isolated, and after a short period of stabilization the pressure data was recorded every 30 seconds for several hours.  After the data were collected for all of the catenaries, the tests were repeated including a second baseline.  

The mass flow of the leak from each catenary was estimated with a rate-of-rise calculation using the change in density  in a known volume (V) over a period of time (t) as shown in Equation (6):

                      (6)

With a minimum desired mass flow of 0.02 mg·s–1, the percent of reading impact of the leak rate at that flow was calculated for each catenary and is shown in Table 3.

[bookmark: _Ref453738541]Table 3: Catenary leak % impact on 0.02 mg·s–1
	Catenary
	Material
	Volume*
	Test 1 %
	Test 2 %

	Baseline
	Stainless
	1.21 cc
	0.015
	0.001

	1
	PFA
	1.17 cc
	0.054
	0.064

	2
	PFA
	1.17 cc
	0.037
	0.014

	3
	PFA
	1.34 cc
	0.067
	0.040

	4
	PFA
	1.24 cc
	0.027
	0.032

	5
	PVDF
	2.29 cc
	0.005
	0.021

	6
	ETFE
	1.56 cc
	0.039
	0.026


*Volume values include the 1 cc of equipment volume.

Note that catenary #5 and #6 are significantly longer catenaries, approximately 67 cm versus 34 cm, with correspondingly larger volumes, but are made of lower permeability polymers and perform equal to or better than the shorter more permeable PFA.

5.3.3 Catenary Pressure Change Impact
The main purpose of the catenary connection is to reduce or eliminate any changing force on the mass comparator from the dynamic flow path connection. To investigate the effectiveness of the catenary design, a quick connect on a cylinder regulator assembly was plugged so it could not convey gas, which would allow each catenary to be pressurized from an outside source and the force on the mass measurement observed.  The cylinder was installed in a complete GFS operational setup as if a flow test was to be performed.  

A pressure controller was used to alternately set 120 psig and 60 psig of nitrogen on the catenary, covering 20 psig above and below the 80 and 100 psig output pressures of the dGFS cylinder regulator assemblies. The resolution of the mass comparator was precise enough that the change in gas density in the catenary could be observed between the two pressures, so the measurements were compensated to account for the mass change.  A one minute delay was used between each pressure change, including the time to set the new pressure, for a total test time of approximately 30 minutes.  Each catenary was connected sequentially and run through the process, and the results are shown in Figure 6.


[bookmark: _Ref453738572]Figure 6: Mass impact from extreme catenary pressure changes

It is noted that catenaries 1 and 2 are the original design length, but the current setup to accommodate the longer and larger catenary designs puts them at a flatter arc than was intended, possibly resulting in the less than ideal results.  The large diameter PVDF catenary 5 had little reaction to the changes in pressure, but the most drift over the test time due to the rigidity of the larger diameter.

The longer catenaries 4 and 6 performed the best, with the ETFE catenary 6 having minimal reaction to the changes in pressure and the lowest drift over time.

This testing was valuable, but well outside of the normal operation mode of the dGFS.  Under normal circumstances the dGFS would never experience such extreme pressure changes: there would be minor pressure changes as test flow points change, and significantly more stable pressures during the collection of data at a constant flow.

Based upon the results of testing the catenary materials, leak rates, and pressure change impact, the ETFE catenary #6 was chosen as the best configuration.

[bookmark: _Ref453767881]5.4 dGFS Software
Due to the typical length of time and quantity of data collected from 0.02 to 0.2 mg·s–1, there was difficultly in troubleshooting the various impacts of improvements on the results.  At a flow of ~0.02 mg·s–1 for nitrogen (1 sccm), the normal operation of the dGFS software was recording up to 10 readings per second, which for a 5 gram depletion taking approximately 67 hours the collection rate resulted in approximately 2.4 million discreet samples, far too much data to be easily analyzed or even parsed.

The software uses a comparator drift correction method called AutoZero, where an automated mass handler that is part of the dGFS system can exchange the gas cylinder assembly with a 2 kg reference mass at a predetermined interval to correct the mass values for drift over time.  The default recommended AutoZero interval is 1 hour.

5.4.1 Excel spreadsheet
There being no option to easily change the dGFS software, a need to take tighter control of the drift correction and slow the data collection rate, and a desire to add the ability to automatically compensate data for a known natural leak rate, an Excel spreadsheet was created to duplicate the core data and calculation functions of the dGFS software but with added benefits.

The dGFS software has software components that can be used as add-on capabilities in Excel: a component that allows the use of RS232 communications with devices, and a component that can be used for unit of measure conversions and gas property data.  These abilities along with the Visual Basic for Applications capabilities of Excel result in an exceptionally powerful tool well suited to the desired testing and can be easily modified when needed.

With the spreadsheet set up to collect the same critical remote device information as the software and calculate the buoyancy corrected cylinder mass, the first change was to slow the data collection rate to once every 600 seconds, or 6 samples per hour instead of 10 per second.  This rate allows for a reliable data sample for both leak tests and low flow tests without an overwhelming amount of data, and the data is already in a form that can be quickly analyzed.

Another significant change was that having a large window of time between data samples, and access to the dGFS automated mass handler and 2 kg reference mass, it was decided to calibrate the mass comparator before each sample to further ensure the reliability of each data point rather than use the AutoZero drift correction.

Once a repeatable natural leak rate could be obtained, the spreadsheet also allows for that leak rate to be input to automatically correct the dGFS mass flow for real time comparison to the mass flow of the device under test.

6. Conclusion

At the time of this paper, LNE was considering a humidity sensitivity coefficient for the carbon fiber cylinders, but there is a clear advantage to the use of an all-aluminum cylinder.  FCP is considering an upgrade kit for dGFS users that would include an all-aluminum cylinder.

Prior to the improvements in the dGFS, FCP had noted variations as high as ±2.2 % of reading at 0.02 mg·s–1. Much of the data tended to be on the negative side, which may have been an indication of an uncompensated leak where more gas was depleting from the dGFS than was sensed by the molbloc under test.

In order to assist with validating the improvements to the dGFS system at low flows, FCP designed and implemented a small 9 liter Rate-of-Rise (ROR) system.  A ROR measures flow by monitoring the rate of pressure rise in a known volume as gas is captured by the volume.  With precision pressure, temperature, and time measurements the change in density can be used to calculate mass flow.  This is the same method used for leak testing in Section 5.2.2 and using Equation (6).  The use of the ROR by FCP for the evaluation offered a unique opportunity: to deplete gas from the dGFS, flow through the molbloc under test, and collect the gas with the ROR, a rare ability to use two completely different methods at the same time to calibrate a device under test.

The evaluation by FCP of the collective improvements discussed in this paper: all-aluminum cylinder, side load correction, catenary choice, slower data collection, comparator calibration before each data point collected, and compensation for the natural leak rate; have yielded a significant improvement in performance and repeatability in the range of 1 to 10 sccm (0.02 to 0.2 mg s -1), with satisfying results as shown in Figure 7 when considering the ±2.2 % FCP had previously observed.    


[bookmark: _Ref458003507]Figure 7: Percent difference between two primary methods (dGFS and ROR) versus a calibrated laminar molbloc used as a flow reference

FCP is currently accredited by A2LA for a mass flow CMC of ± (0.1% of reading + 0.002 sccm) (k = 2) (0.002 sccm = 4.2×10-5 mg.s-1) for nitrogen and dry air down to 0.02 mg·s–1.  The CMC for flows below 0.2 mg·s–1 was supported by means other than the dGFS.  With some additional testing, FCP can make a strong case to drop or reduce the fixed uncertainty from that CMC using the dGFS.

FCP has recently provided LNE with a new ETFE catenary for their dGFS, but there was insufficient time for LNE to perform any testing that could have been used for this paper.  However, LNE has an opportunity to study the new catenary and improvements in preparation for the international low flow key comparison that is developing with NIST (USA), CMS (Taiwan), INRIM (Italy) and LNE (France).  These improvements in the dGFS method will be valuable to LNEs quest to reduce their CMC in the range of 0.03 mg·s–1 and 0.2 mg·s–1, as well as for collection of data for the comparison which could be used to validate the new LNE CMC.
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Mass variation (mg)

Humidity (%RH)


Mass variation	0.17030563666666668	0.34084182833333332	0.51112319277777774	0.68164718611111119	0.8519285522222223	1.0222099061111112	1.1928236661111113	1.3633794544444446	1.53393983	1.7045002638888889	1.8747488163888888	2.045310391388889	2.2155877766666667	2.3861522174999998	2.5569870219444444	2.7272351936111106	2.8975194824999999	3.0680738016666664	3.2386390375	3.4091947041666661	3.5797551425000003	3.7500062052777778	3.9202824980555553	4.0905635077777776	4.2611232641666668	4.4316837250000001	4.6020742124999998	4.7724905238888891	4.9427712080555555	5.1130519249999997	5.2833330877777778	5.4536190974999998	5.6238761702777778	5.7941528558333335	5.9644342322222217	6.1347155352777785	6.3052669699999999	6.4755209191666667	6.6458022488888888	6.8160835783333331	6.9863693544444443	7.1569253791666663	7.3272114266666666	7.4977586883333336	7.6680120266666663	7.8382933877777772	8.0085747574999999	8.1788560605555549	8.3491373691666659	8.5193884397222224	8.6896667950000008	8.8599482061111114	9.0302273861111111	9.2007867455555559	9.3710680869444456	9.5413251666666667	9.7116247430555571	9.881887785	10.052160728055558	10.222499055833334	10.392780318333335	10.563061742777778	10.733622015	10.903903406666668	11.074184744166669	11.244434336944446	11.414710998333334	11.584998458055555	11.75527365777778	11.925554994722225	12.095946026388889	12.266363592777777	12.436644829166669	12.607068678333334	12.777762499444446	12.94804384888889	13.118325144166667	13.288582219444445	13.458868316388889	13.629135931666667	13.799694556388889	13.969975112777778	14.140231681666668	14.310512905000001	14.480794270000001	14.651245435555557	14.821907690555557	14.992466516666667	15.162890296388889	15.333280838055558	15.503562181666668	15.673848185833334	15.844707268055558	16.015235955555557	16.185767479999999	16.356048801666667	16.526334875	16.69660370888889	16.8668838175	17.037138303888888	17.207419169444446	17.377700400833334	17.548260818611112	17.718821235	17.889374151944445	18.059632737222223	18.22990807027778	18.400195399444446	18.570750200833334	18.741031089166668	18.911279103333332	19.081558607222224	19.251875034722222	19.422180623055556	19.592490958333332	19.762747963611112	19.933295266111113	20.103576112500004	20.274134300555559	20.444414667222222	20.614671730277777	20.784953067222226	20.955234375555555	21.12551571638889	21.296067763333333	21.466351490000001	21.636602485833333	21.806883705555556	21.977165043611112	22.147446451388891	22.317727818055555	22.487976019166666	22.65826030777778	22.82853679777778	22.998992668888892	23.169656181111112	23.340052919722226	23.510479795277778	23.680754993055558	23.851027309444447	24.021306746388888	24.191866016944445	24.362147698055555	24.532683386388889	24.70295652916667	24.87324003277778	25.043795782777778	25.21435945166667	25.384616463333334	25.554893120000003	25.725174509722223	25.895455785833331	26.066174925000002	26.236565041944445	26.407100628333335	26.577381930555557	26.747663304722224	26.917944593611111	27.088225927777778	27.25861644888889	27.429031263888888	27.599312652777776	27.769593912777779	27.940154409166666	28.110706959166667	28.281238751111115	28.451580822222226	28.621886340555555	28.792134797777777	28.962417256666665	29.132697049722225	29.303260394722223	29.473814751944445	29.644209978333336	29.814626207222222	29.984904540833334	30.155185945277776	30.325467201388889	30.495748515833334	30.66602668777778	30.836562861111112	31.006844166666667	31.177397070277781	31.347677340000004	31.518076401944445	31.688495859166668	31.858772524444444	32.029228403611114	32.199614290555559	32.369895660833336	32.54070483638889	32.710980013055554	32.881261359444444	33.051542640000001	33.221823965555558	33.392105277222221	33.562356355277778	33.732634790833337	33.902913555555557	34.073194162222222	34.243754583333335	34.41431503222222	34.584842189444444	34.755123535833334	34.925438055555553	35.095962126388891	35.266243415833337	35.436500452499999	35.60678176361111	35.777055191111117	35.947336621944444	36.117616746944442	36.287898089999999	36.458151987222223	36.628433314444443	36.798719041666665	36.969275021388889	37.139561154444444	37.310364173055554	37.480701437499995	37.651007060277777	37.821288431666666	37.991569688055549	38.162130215555557	38.332654126666661	38.502935467777775	38.673216769444437	38.843498085277773	39.013779445277777	39.184036447499999	39.354590875833331	39.52486919388889	39.695148768888885	39.865707782499996	40.035964873055548	40.206246398055555	40.37652752333333	40.547078926944444	40.717361721111104	40.887917499444441	41.058174581111103	41.228460659166664	41.39900848833333	41.569289037222219	41.739569964722222	41.90985135333333	42.080105196388885	42.250386533888886	42.420667913333325	42.590954010555556	42.761509606111105	42.931755851388886	43.102036447499998	43.272317189444443	43.442598508611106	43.612879816944442	43.783161167777777	43.953418228333327	44.123704320277781	44.293972823888886	44.464254233333328	44.634534599722215	44.80509505777777	44.975348908611103	45.145630285555555	45.315911579166666	45.48674369194444	45.657023392222214	45.827277400555552	45.997558722499996	46.167839987222223	46.338121340277773	46.508681768888891	46.679291490555556	46.849572052777773	47.01985337	47.190134637777774	47.360416037499995	47.530665410555549	47.700958909722218	47.871235776666659	48.041787380833327	48.212623620555547	48.383188705000002	48.553714189166669	48.723990244722216	48.89427196222222	49.065110272222221	49.235391633055549	49.405640717777779	49.575922073611103	49.746202473611113	49.916783824166664	50.08732002499999	50.257601320833331	50.427858399722219	50.598410494999996	50.768694137499992	50.939249002777778	51.109813694444441	51.280090215833326	51.450347267777772	51.620628670555554	51.790909936944445	51.961738883611105	52.132297782777769	52.302554865277777	52.472836177222213	52.643117473333326	52.813390836666663	52.984227089999997	53.154786625555552	53.325043660555558	53.495324998333331	53.665877050555558	53.836160793888887	54.006718198333331	54.176972134444441	54.347253500555553	54.517534793611112	54.687816103333333	54.858097441666665	55.028378749444443	55.19890279055555	55.369188774444446	55.539465434722224	55.710080554444446	55.88035893694444	56.050638463611108	56.221476570555552	56.391764044444443	56.562767322777773	56.733124607222223	56.903408895277778	57.073687260277779	57.243965541111109	57.41452585388889	57.58537020833333	57.755895503055555	57.926170796111109	58.096452022499996	58.266733329166662	58.437293867499996	58.607575099444439	58.777824808055549	58.948125732777775	59.118666490277775	59.289222164166659	59.459508286944434	59.630343017499996	59.800867023055552	59.971427421666668	60.141708763888886	60.312269158888888	60.482829582777775	60.653110899444435	60.823639614166666	60.993916201111112	61.164481331388885	61.335037125555552	61.505706715277775	61.676126174444441	61.846402843611109	62.016684278055557	62.186965479999998	62.357525976944444	62.528078416111107	62.698355569722224	62.868891677222216	63.039452091666668	63.210012576111112	63.380293838888889	63.550540086944444	63.720820191388881	63.891107594722222	64.061662350555551	64.231947741388879	64.402782738888888	64.573306704444434	64.743892626944444	64.91447936083334	65.084761896666663	-0.84522371162165655	-1.3703946056011773	-1.4673403516098915	-1.9348591592915909	-2.3692536917678808	-2.3995914245915628	-2.4780769399512792	-2.7478499985136295	-2.627460123903802	-2.6047304550047556	-2.4471366928082716	-2.1098027609696146	-2.5658020426817529	-2.3877526614342059	-2.3899380855709751	-2.5131993502327532	-2.2058280226247007	-2.3953913739660493	-2.6055969790377276	-2.3717288313491736	-2.3872306621797179	-2.5369527711518458	-2.1080093970340386	-2.3949197191086569	-2.1749206205186056	-2.1737535380452755	-2.1442380032112851	-1.8536701570610603	-2.0514202021786332	-2.3033167724406667	-2.1230656229818123	-2.4096591748730134	-2.1749073594037327	-2.3524830903625116	-2.3254980712863471	-2.1413919976112084	-2.1413902713902644	-2.6794545692609972	-2.0909888191908976	-2.1301461842995195	-2.431435681955918	-2.2094130770256015	-2.2834672975022841	-2.3063866124175547	-2.5043206840109633	-2.4112778162361792	-2.5123077609805478	-2.5398836733074859	-2.5050976657894353	-2.1998712400090881	-2.42391035521905	-2.4533169907954289	-2.3528632709712838	-2.4828233422340418	-2.5578375414170296	-2.3798388212981081	-2.5287739861141745	-2.6529285819378856	-2.6578824479202012	-2.42450917721726	-2.6354733640800987	-2.6971411100475962	-2.6596337963837868	-2.5734597011251026	-2.6626938308709214	-2.9453403622028418	-2.7701711699137377	-2.9374981372711773	-2.9702774911584129	-3.0241071876844217	-2.8160635579297377	-3.3351031004258402	-3.0005271830759739	-2.9925740770977427	-2.7433833590748691	-3.1105242246667331	-3.1837557678500161	-3.0716864462192461	-2.9230481679860532	-3.1896681812213501	-3.5171114827790007	-2.9844401474292681	-3.3745234668458579	-3.1194928690183588	-3.0733276601040416	-3.304591068854279	-3.4387558921480377	-3.034389612821542	-3.0276265056272678	-3.2998191334172589	-3.4630086072411359	-3.2388545625963161	-3.1282504262435396	-3.3136461511276138	-2.9345746168019105	-3.0453008116637648	-3.3524543550811359	-3.3949438113722863	-3.1500447755661298	-3.3525995918353146	-3.2547016321586852	-3.1430057636043784	-3.0020579499705491	-3.5159499657311244	-3.1395388916735101	-3.5524807972251438	-3.534674690627071	-3.3389523152891343	-3.4456243975000689	-3.7560788930477429	-3.6060019319847925	-3.7145727776533022	-3.86300738796308	-3.4326711022458767	-3.8641846485916176	-4.1120728508303728	-3.7405843836495478	-3.9563185985116434	-4.3773515224074799	-4.1378998439540737	-4.1422706444791402	-4.334974031735328	-4.3635313529648556	-4.482483104993662	-4.6975039695098531	-4.751161028025308	-4.974254025000846	-4.7094863541587983	-4.6243138556292251	-5.0309264204315696	-5.3632583139915369	-5.0532233051399089	-5.2766816590974486	-4.7699758642920642	-5.0103267240046989	-5.3917719139917608	-4.840505006541207	-4.8641327680343238	-5.2254314709898608	-5.5092162392611499	-5.0014448181627813	-5.175351471052636	-5.1628564058319171	-5.3211145459499676	-5.2202520348600956	-4.9112970352780394	-5.3885435097527079	-5.1653531545525766	-5.4896784643005958	-5.0627890045689128	-5.3257764423051412	-5.8773771177129674	-5.6586323912597436	-5.7393661631977011	-5.4318370539476746	-5.5512724511572742	-5.4126175032251922	-5.6247602399253083	-5.2638178149209125	-5.7130989982852043	-5.3856872134474543	-5.3342530627560336	-5.5409158417205617	-5.3909029065835057	-5.5532146577661479	-5.2836832817320101	-5.3325589999531076	-5.3942973177072417	-5.7427721521889907	-5.5031510319167865	-5.589553773006628	-5.3560481508156954	-5.280408699718464	-5.6550773560957168	-5.3615699393958494	-5.7297110431591136	-5.5757902189270681	-5.4142114906881034	-5.3748096581784921	-5.2043021578356274	-5.8193083284550084	-5.1481870034422172	-5.8831794160596473	-5.7211858288610529	-5.6837941767753364	-5.3517591697982425	-5.6802417498147406	-5.481112642428343	-5.2529281940678629	-5.6056595442441903	-5.554216817699853	-5.6316864579457615	-5.5437864973555406	-5.694607884151992	-5.5282880150571145	-5.8118325212035415	-5.1775109457139479	-5.2377104839251842	-5.6105388862306427	-5.5811253776028025	-5.4515924236966384	-5.4036947665281332	-5.9250185329347005	-5.6497308901271026	-5.7667158025651588	-6.0346725908857479	-5.8774687320237717	-5.691949661468243	-6.1459989333343401	-6.2020984737500839	-5.5977495328534133	-6.02999812372218	-6.0244516987495444	-5.7731696092560014	-5.9417047425540659	-5.9987872932651953	-5.7383735252187762	-6.1176552956112573	-5.9159672659916396	-5.9157881310056837	-5.9512452883154765	-5.9770513630610367	-5.756549152010848	-5.7537157774731895	-5.7972027311734564	-5.9359120716635516	-5.7451455070349766	-5.8768715005044214	-5.8232615742781491	-5.7739288763514196	-5.6454516793564835	-5.6107635957687307	-5.5981962575515354	-5.7040092804072628	-5.4857077534506971	-5.369987171889079	-5.7806231013728393	-5.5242118285150354	-5.9501136897779361	-5.7638180005596951	-5.9517745423818269	-5.7206012515962357	-5.6426908336106862	-5.7648996919397177	-6.0417456536470127	-5.7976993894044426	-6.1236782532887446	-6.1476776847939618	-5.8775824952590483	-5.9241676756300876	-5.9601003006264364	-6.1402871087921085	-6.4331906946790696	-6.2138132436757587	-6.4614602920300968	-6.4215847071409371	-6.2513282259715197	-6.6719309988911846	-6.289485351771873	-6.8447966334588273	-6.5004636144294636	-6.8088107200310333	-6.8175216576946696	-6.5363599326246913	-6.8630792886779091	-6.9426524464688555	-6.833277509031177	-7.1022904569417733	-7.3178603122414643	-7.2572884068904386	-7.1147904091048986	-7.3482940206304193	-7.617329734557643	-7.6386144194202643	-7.4037198089627054	-7.6180833225407696	-7.7325771499090479	-8.0640921225949569	-7.6640482643597352	-7.5550439576090866	-8.1228195485891774	-7.8123427631453524	-7.9142363986193232	-7.3509232013293513	-7.6917530648188404	-8.096275190155211	-7.8466271763772966	-7.7353283681986795	-7.8012619362652913	-7.786839621985564	-8.1393564555582998	-7.8518086863823555	-8.1550818790674384	-7.8639836572165223	-8.1079300714463898	-7.9529887600529037	-7.9516419752962975	-8.3553276299426216	-8.0039769488848833	-7.6467908002086915	-8.2915967564076709	-7.9624495474490686	-7.8319528561223706	-7.8566624972609134	-7.90212947413238	-7.8582239111710805	-7.9455229422364937	-7.9168761913024355	-7.8802993182307546	-8.081580489033513	-7.8909395183472952	-8.154891470212533	-8.2026681047864258	-7.7574991405526816	-7.936917866800286	-7.7862288305823313	-7.7232949527115125	-7.9446516517691634	-7.9240991763072088	-8.0478316233438818	-7.9289576488008606	-7.82488997811015	-8.1056995966264367	-7.8802907751196472	-8.0966244461251335	-7.9627680063367734	-8.0766305550241668	-7.7333434292086167	-7.9131190861971845	-7.8546306144744449	-7.8994510936354345	-7.930801098837037	-8.2540326966409339	-7.9275703371877171	-8.0954000143265148	-8.1736297638599353	-8.0551924172596046	-8.1323371223334107	-8.2535800693221972	-8.404114208815372	-7.9379324404271756	-8.5501527389624243	-8.4887041657566442	-8.1167446901417861	-8.1331276196578983	-8.2232670026769483	-8.4734319621020404	-8.1440623009711999	-8.5927432489825151	-8.4071068915818614	-8.2456372670094424	-8.5290665581396752	-8.5749996433150955	-7.889038057101061	-8.1843101422691689	-8.6155499423057336	-8.6162975462684699	-8.2162195662931481	-8.3232318643240433	-8.3173360465025326	-8.5320221551228315	-8.2903782056291675	-7.9121491917248932	-8.0671449384226435	-8.2556760221450531	-8.1855709154297074	-8.2715307153193862	-8.3238066856665682	-8.3888150204529666	-8.3741555260985479	-8.4441044693903677	-8.411353308474645	-8.2961996706671925	-8.1184210848732619	-8.1669827825407992	-7.9866890832818171	-8.1673605609466904	-8.3113484345176403	-8.1109734512665455	-8.7105179404716182	-8.1518149975181586	-8.3964759110131126	Humidity	0.17030563666666668	0.34084182833333332	0.51112319277777774	0.68164718611111119	0.8519285522222223	1.0222099061111112	1.1928236661111113	1.3633794544444446	1.53393983	1.7045002638888889	1.8747488163888888	2.045310391388889	2.2155877766666667	2.3861522174999998	2.5569870219444444	2.7272351936111106	2.8975194824999999	3.0680738016666664	3.2386390375	3.4091947041666661	3.5797551425000003	3.7500062052777778	3.9202824980555553	4.0905635077777776	4.2611232641666668	4.4316837250000001	4.6020742124999998	4.7724905238888891	4.9427712080555555	5.1130519249999997	5.2833330877777778	5.4536190974999998	5.6238761702777778	5.7941528558333335	5.9644342322222217	6.1347155352777785	6.3052669699999999	6.4755209191666667	6.6458022488888888	6.8160835783333331	6.9863693544444443	7.1569253791666663	7.3272114266666666	7.4977586883333336	7.6680120266666663	7.8382933877777772	8.0085747574999999	8.1788560605555549	8.3491373691666659	8.5193884397222224	8.6896667950000008	8.8599482061111114	9.0302273861111111	9.2007867455555559	9.3710680869444456	9.5413251666666667	9.7116247430555571	9.881887785	10.052160728055558	10.222499055833334	10.392780318333335	10.563061742777778	10.733622015	10.903903406666668	11.074184744166669	11.244434336944446	11.414710998333334	11.584998458055555	11.75527365777778	11.925554994722225	12.095946026388889	12.266363592777777	12.436644829166669	12.607068678333334	12.777762499444446	12.94804384888889	13.118325144166667	13.288582219444445	13.458868316388889	13.629135931666667	13.799694556388889	13.969975112777778	14.140231681666668	14.310512905000001	14.480794270000001	14.651245435555557	14.821907690555557	14.992466516666667	15.162890296388889	15.333280838055558	15.503562181666668	15.673848185833334	15.844707268055558	16.015235955555557	16.185767479999999	16.356048801666667	16.526334875	16.69660370888889	16.8668838175	17.037138303888888	17.207419169444446	17.377700400833334	17.548260818611112	17.718821235	17.889374151944445	18.059632737222223	18.22990807027778	18.400195399444446	18.570750200833334	18.741031089166668	18.911279103333332	19.081558607222224	19.251875034722222	19.422180623055556	19.592490958333332	19.762747963611112	19.933295266111113	20.103576112500004	20.274134300555559	20.444414667222222	20.614671730277777	20.784953067222226	20.955234375555555	21.12551571638889	21.296067763333333	21.466351490000001	21.636602485833333	21.806883705555556	21.977165043611112	22.147446451388891	22.317727818055555	22.487976019166666	22.65826030777778	22.82853679777778	22.998992668888892	23.169656181111112	23.340052919722226	23.510479795277778	23.680754993055558	23.851027309444447	24.021306746388888	24.191866016944445	24.362147698055555	24.532683386388889	24.70295652916667	24.87324003277778	25.043795782777778	25.21435945166667	25.384616463333334	25.554893120000003	25.725174509722223	25.895455785833331	26.066174925000002	26.236565041944445	26.407100628333335	26.577381930555557	26.747663304722224	26.917944593611111	27.088225927777778	27.25861644888889	27.429031263888888	27.599312652777776	27.769593912777779	27.940154409166666	28.110706959166667	28.281238751111115	28.451580822222226	28.621886340555555	28.792134797777777	28.962417256666665	29.132697049722225	29.303260394722223	29.473814751944445	29.644209978333336	29.814626207222222	29.984904540833334	30.155185945277776	30.325467201388889	30.495748515833334	30.66602668777778	30.836562861111112	31.006844166666667	31.177397070277781	31.347677340000004	31.518076401944445	31.688495859166668	31.858772524444444	32.029228403611114	32.199614290555559	32.369895660833336	32.54070483638889	32.710980013055554	32.881261359444444	33.051542640000001	33.221823965555558	33.392105277222221	33.562356355277778	33.732634790833337	33.902913555555557	34.073194162222222	34.243754583333335	34.41431503222222	34.584842189444444	34.755123535833334	34.925438055555553	35.095962126388891	35.266243415833337	35.436500452499999	35.60678176361111	35.777055191111117	35.947336621944444	36.117616746944442	36.287898089999999	36.458151987222223	36.628433314444443	36.798719041666665	36.969275021388889	37.139561154444444	37.310364173055554	37.480701437499995	37.651007060277777	37.821288431666666	37.991569688055549	38.162130215555557	38.332654126666661	38.502935467777775	38.673216769444437	38.843498085277773	39.013779445277777	39.184036447499999	39.354590875833331	39.52486919388889	39.695148768888885	39.865707782499996	40.035964873055548	40.206246398055555	40.37652752333333	40.547078926944444	40.717361721111104	40.887917499444441	41.058174581111103	41.228460659166664	41.39900848833333	41.569289037222219	41.739569964722222	41.90985135333333	42.080105196388885	42.250386533888886	42.420667913333325	42.590954010555556	42.761509606111105	42.931755851388886	43.102036447499998	43.272317189444443	43.442598508611106	43.612879816944442	43.783161167777777	43.953418228333327	44.123704320277781	44.293972823888886	44.464254233333328	44.634534599722215	44.80509505777777	44.975348908611103	45.145630285555555	45.315911579166666	45.48674369194444	45.657023392222214	45.827277400555552	45.997558722499996	46.167839987222223	46.338121340277773	46.508681768888891	46.679291490555556	46.849572052777773	47.01985337	47.190134637777774	47.360416037499995	47.530665410555549	47.700958909722218	47.871235776666659	48.041787380833327	48.212623620555547	48.383188705000002	48.553714189166669	48.723990244722216	48.89427196222222	49.065110272222221	49.235391633055549	49.405640717777779	49.575922073611103	49.746202473611113	49.916783824166664	50.08732002499999	50.257601320833331	50.427858399722219	50.598410494999996	50.768694137499992	50.939249002777778	51.109813694444441	51.280090215833326	51.450347267777772	51.620628670555554	51.790909936944445	51.961738883611105	52.132297782777769	52.302554865277777	52.472836177222213	52.643117473333326	52.813390836666663	52.984227089999997	53.154786625555552	53.325043660555558	53.495324998333331	53.665877050555558	53.836160793888887	54.006718198333331	54.176972134444441	54.347253500555553	54.517534793611112	54.687816103333333	54.858097441666665	55.028378749444443	55.19890279055555	55.369188774444446	55.539465434722224	55.710080554444446	55.88035893694444	56.050638463611108	56.221476570555552	56.391764044444443	56.562767322777773	56.733124607222223	56.903408895277778	57.073687260277779	57.243965541111109	57.41452585388889	57.58537020833333	57.755895503055555	57.926170796111109	58.096452022499996	58.266733329166662	58.437293867499996	58.607575099444439	58.777824808055549	58.948125732777775	59.118666490277775	59.289222164166659	59.459508286944434	59.630343017499996	59.800867023055552	59.971427421666668	60.141708763888886	60.312269158888888	60.482829582777775	60.653110899444435	60.823639614166666	60.993916201111112	61.164481331388885	61.335037125555552	61.505706715277775	61.676126174444441	61.846402843611109	62.016684278055557	62.186965479999998	62.357525976944444	62.528078416111107	62.698355569722224	62.868891677222216	63.039452091666668	63.210012576111112	63.380293838888889	63.550540086944444	63.720820191388881	63.891107594722222	64.061662350555551	64.231947741388879	64.402782738888888	64.573306704444434	64.743892626944444	64.91447936083334	65.084761896666663	19.27	19.22	19.170000000000002	19.170000000000002	19.170000000000002	19.170000000000002	19.170000000000002	19.12	19.12	19.079999999999998	19.079999999999998	19.03	18.98	18.98	18.93	18.88	18.88	18.78	18.78	18.78	18.73	18.73	18.68	18.68	18.68	18.68	18.64	18.68	18.59	18.64	18.64	18.59	18.59	18.59	18.59	18.59	18.59	18.59	18.59	18.59	18.54	18.59	18.54	18.489999999999998	18.489999999999998	18.489999999999998	18.489999999999998	18.489999999999998	18.440000000000001	18.440000000000001	18.39	18.39	18.39	18.29	18.29	18.29	18.29	18.239999999999998	18.239999999999998	18.2	18.2	18.149999999999999	18.149999999999999	18.100000000000001	18.100000000000001	18.100000000000001	18.100000000000001	18	18	18	18	17.899999999999999	17.95	17.899999999999999	17.899999999999999	17.899999999999999	17.899999999999999	17.899999999999999	17.850000000000001	17.850000000000001	17.850000000000001	17.8	17.8	17.8	17.8	17.8	17.8	17.8	17.8	17.8	17.8	17.8	17.8	17.8	17.8	17.8	17.75	17.75	17.71	17.71	17.71	17.71	17.71	17.71	17.71	17.71	17.71	17.71	17.75	17.75	17.8	17.8	17.8	17.8	17.8	17.899999999999999	17.899999999999999	17.899999999999999	17.899999999999999	17.899999999999999	17.95	18	18	18.05	18.100000000000001	18.100000000000001	18.2	18.2	18.29	18.29	18.39	18.39	18.489999999999998	18.489999999999998	18.59	18.68	18.68	18.78	18.829999999999998	18.88	18.93	18.98	19.079999999999998	19.170000000000002	19.27	19.27	19.37	19.47	19.559999999999999	19.61	19.61	19.66	19.760000000000002	19.850000000000001	19.899999999999999	19.95	20.05	20.149999999999999	20.239999999999998	20.29	20.34	20.440000000000001	20.54	20.54	20.63	20.68	20.73	20.83	20.83	20.88	20.92	20.97	21.02	21.07	21.12	21.12	21.21	21.21	21.21	21.26	21.31	21.31	21.31	21.41	21.41	21.41	21.46	21.51	21.51	21.51	21.55	21.6	21.6	21.65	21.65	21.7	21.7	21.7	21.75	21.8	21.8	21.8	21.8	21.89	21.84	21.89	21.89	21.89	21.89	21.89	21.94	21.94	21.99	21.99	21.99	21.99	22.04	22.09	22.09	22.09	22.13	22.13	22.18	22.18	22.23	22.23	22.28	22.28	22.28	22.28	22.33	22.38	22.38	22.38	22.38	22.42	22.47	22.47	22.52	22.57	22.57	22.57	22.62	22.67	22.67	22.71	22.76	22.86	22.86	22.91	22.95	22.95	23.05	23.05	23.1	23.15	23.2	23.24	23.29	23.34	23.39	23.44	23.44	23.53	23.53	23.63	23.63	23.63	23.63	23.68	23.72	23.72	23.72	23.72	23.77	23.82	23.82	23.82	23.82	23.82	23.82	23.82	23.82	23.82	23.82	23.82	23.87	23.87	23.92	23.87	23.87	23.92	23.92	23.92	23.92	23.92	23.97	24.01	24.01	24.01	24.01	24.01	24.01	24.01	24.06	24.06	24.11	24.11	24.11	24.11	24.11	24.11	24.11	24.11	24.11	24.11	24.11	24.11	24.11	24.11	24.11	24.11	24.06	24.11	24.11	24.01	24.01	24.01	24.01	24.01	24.01	24.01	23.97	23.92	23.92	23.92	23.87	23.82	23.82	23.82	23.77	23.72	23.72	23.72	23.68	23.63	23.63	23.63	23.63	23.63	23.63	23.63	23.63	23.63	23.63	23.63	23.63	23.68	23.63	23.72	23.72	23.72	23.72	23.72	23.72	23.77	23.82	23.82	23.82	23.92	23.92	24.01	24.01	24.01	24.06	24.11	24.16	24.21	24.3	24.3	24.35	24.4	Time (hours)

Mass variation (mg)

Humidity (%RH)


Cat 1	0	1.2008071300897427	4.0000000001327862	4.2008071302461758	6.3000000000101863	6.1008071302239841	7.9000000000633008	7.8008071302519966	9.5000000001164153	9.2008071301279415	10.700000000042564	10.60080713023126	12.100000000145883	11.700807130182511	13.100000000122236	12.800807130133762	14.200000000073487	13.900807130085013	15.20000000004984	14.800807130086469	16.200000000026193	15.700807130087924	16.800000000102955	16.400807130139583	17.600000000129512	17.20080713016614	18.300000000181171	17.800807130242902	18.900000000030559	18.500807130067187	19.600000000082218	19.100807130143949	Cat 2	0	-3.8991928697669209	-6.1999999998079147	-8.8991928698760603	-10.599999999840293	-12.999192869756371	-14.299999999821011	-16.1991928698626	-17.299999999977445	-18.999192869841863	-20.099999999956708	-21.399192869921535	-22.399999999834108	-23.599192869824037	-24.499999999989086	-25.599192869776743	-26.499999999941792	-27.399192869779654	-28.099999999994907	-28.999192869832768	-29.699999999820648	-30.299192869961189	-31.099999999923966	-31.699192869837134	-32.299999999850115	-32.899192869763283	-33.399999999801366	-33.799192869764738	-34.499999999979991	-34.999192869918261	-35.499999999956344	-35.899192869919716	Cat 3	0	-1.3983857400035049	1.4000000001033186	-0.19838574007735588	2.4000000000796717	0.70161425992409931	3.4000000000560249	1.6016142599255545	4.400000000032378	2.5016142599270097	5.2000000000589353	3.4016142599284649	6.2000000000352884	4.2016142599550221	6.9000000000869477	5.1016142599564773	7.8000000000884029	6.0016142599579325	8.7000000000898581	7.0016142599342857	9.7000000000662112	7.8016142599608429	10.500000000092768	8.5016142600125022	11.200000000144428	9.3016142600390594	11.900000000196087	10.001614260090719	12.600000000020373	10.601614259940106	13.100000000122236	11.301614259991766	Cat 4	0	-0.83415464018798957	-2.8000000002066372	-3.2341546402676613	-4.8000000001593435	-5.0341546402705717	-6.3000000000101863	-6.4341546401465166	-7.600000000138607	-7.5341546400977677	-8.6000000001149601	-8.6341546402763925	-9.6000000000913133	-9.5341546402778476	-10.500000000092768	-10.334154640077031	-11.300000000119326	-11.234154640078486	-12.000000000170985	-11.934154640130146	-12.699999999995271	-12.534154640206907	-13.300000000072032	-13.134154640283668	-13.900000000148793	-13.734154640133056	-14.400000000023283	-14.134154640260022	-14.800000000150249	-14.634154640134511	-15.300000000024738	-15.034154640261477	Cat 5	0	-5.6585811901186389	-9.9999999999909051	-13.158581190054974	-15.69999999992433	-18.058581189961842	-19.800000000032014	-21.658581189967663	-22.799999999961074	-24.4585811901743	-25.100000000065847	-26.658581190076802	-27.100000000018554	-28.458581190079713	-28.800000000046566	-30.058581190132827	-30.199999999922511	-31.458581190008772	-31.400000000076034	-32.558581189960023	-32.500000000027285	-33.55858119016375	-33.500000000003638	-34.658581190115001	-34.400000000005093	-35.458581190141558	-35.20000000003165	-36.058581189990946	-35.800000000108412	-36.658581190067707	-36.299999999982901	-37.158581190169571	Cat 6	0	-1.1796941598731792	-0.69999999982428562	-1.7796941599499405	-1.199999999926149	-2.0796941598746344	-1.3999999998759449	-2.3796941600267019	-1.5999999998257408	-2.4796941600015998	-1.8999999999778083	-2.6796941599513957	-2.0999999999276042	-2.9796941598760895	-2.0999999999276042	-2.9796941598760895	-2.1999999999025022	-2.9796941598760895	-2.2999999998774001	-2.9796941598760895	-2.3999999998522981	-3.1796941600532591	-2.499999999827196	-3.2796941600281571	-2.599999999802094	-3.379694160003055	-2.7000000000043656	-3.4796941599779529	-2.7999999999792635	-3.5796941599528509	-2.8999999999541615	-3.5796941599528509	Time (minutes)


Mass variation (mg)




ROR	0.2	0.2	0.15	0.15	0.15	0.15	0.1	0.1	0.05	0.05	0.02	0.02	0.02	4.0000000000000001E-3	8.0000000000000002E-3	-5.6000000000000001E-2	-1.2999999999999999E-2	-5.0000000000000001E-3	-8.0000000000000002E-3	3.0000000000000001E-3	6.0000000000000001E-3	1.9E-2	0.02	8.0000000000000002E-3	8.9999999999999993E-3	4.2999999999999997E-2	dGFS	0.2	0.2	0.15000000000000002	0.15000000000000002	0.1	0.1	0.05	0.05	2.0000000000000004E-2	2.0000000000000004E-2	2.0000000000000004E-2	3.1E-2	4.7E-2	0.01	2.3E-2	1.4E-2	2.1999999999999999E-2	5.2999999999999999E-2	0.08	-9.5000000000000001E-2	-7.1999999999999995E-2	7.8E-2	FCP CMC	0.2	0.15	0.1	0.05	0.02	0.12000000000000001	0.12666666666666668	0.14000000000000001	0.18	0.30000000000000004	0.2	0.15	0.1	0.05	0.02	-0.12000000000000001	-0.12666666666666668	-0.14000000000000001	-0.18	-0.30000000000000004	FCP target CMC	0.2	0.15	0.1	0.05	0.02	0.1	0.1	0.1	0.1	0.1	0.2	0.15	0.1	0.05	0.02	-0.1	-0.1	-0.1	-0.1	-0.1	Flow (mg·s-1)
% Reading Error
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