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11. CHEMICAL SENSORS 11.1. Air humidity measurement Objectives Measure the relative humidity using manual psychrometer and digital humidity meter with capacitive polymer probe Humistar. From provided tables calculate the dew point, absolute humidity and partial pressure of water vapour in air. How many grams of water vapour can the air hold at current temperature? Check the accuracy of the capacitive probe by measurement over saturated solutions of salts. Questions:



How many grams of water should be evaporated in the lab room to increase the humidity to comfortable 70% ? How would the relative and absolute humidity change if the temperature were increased or decreased by 2 °C?



Procedure 1. Psychrometer measurement Pour several drops of water to the stocking of the „wet“ thermometer (marked as blue) and let it settle in about 5 minutes. Spin the spring of ventilator (max. 4 turns) and let it rotate. The air flow runs around the „wet“ thermometer. After settlement, record the values of the „dry“ temperature and the „wet“ temperature. Using the tables (tab. 11.3) determine the relative humidity. Calculate absolute humidity and dew point. 2. Measure the temperature, relative humidity and dew point using the digital meter Humistar Check the instrument accuracy by measuring the air humidity over saturated water solutions of salts. After settlement (approx. 20 min) according to Roult law the relative humidity at 20 °C should be: LiCl MgCl2 NaCl



11,1 % 33,1 % 75,6 %



The LiCl sample, which settles the slowest, measure as the last one. The settled values of relative humidity for the air above saturated solutions of salts for varying temperatues are in table 11.4. Note: Combined thermometer/humidity meter Humistar HTM 998 uses a polymer capacitive humidity probe. The basic capacity is 350 pF, sensitivity 1.5 pF / % RH, temperature dependence better then 0.02% RH / K. Temperature is measured by Ni 1000 sensor. 1



Theory Humidity meters are used for measuring humidity of air and nonagressive gases in various fields. Basic definitions and formulae: The wet air contains dry air and water vapour. Absolute humidity Φ/ [kg/m3]



- the mass of water vapour in gas volume unit. Absolute humidity in given gas volume does not change with temperature. When compressed, the gass occupies smaler volume and thus the absolute humidity changes.



Absolute humidity of saturated gas Φ// [kg/m3]



- the maximum amount of water vapour that the wet air can contain. The gas in this state is saturated. The temperature when air is saturated with water vapour is dew point.



Relative humidity ϕ [%]



- is the ratio between absolute humidity Φ/ and maximum (saturated) humidity Φ// for the given temperature and pressure of air. Φ/ ϕ = // .100 Φ



[% ; kg/m3, kg/m3]



(11.1)



Wet air can be approximated as a mixture of two ideal gases (dry air and water vapour). For both components, the relation is valid: pV = nRT where R n



is universal gas const. R = 8,314 Jmol-1K-1; is molar quantity of the matter, n = m/mm , where mm is molar mass.



For partial pressure of each gas component is valid: p =



m Φ/ .RT = RT mm .V mm



Tab. 1.1 Molar mass of gas molecules



2



molecule



molar mass



H



1,008 g



O



15,999 g



H2O



18,015 g



Dry air



28,965 g (average)



Total pressure according to Dalton law:



p = pv + pp , where pv pp



(11.2)



is partial pressure of dry air, is partial pressure of water vapour.



Obviously, the relative humidity can be expressed also as ratio of partial pressure of water vapour p/ and saturated water vapor p// and thus:



ϕ=



p/ .100 p //



(11.3)



Dew point and absolute humidity do not change with temperature. In normal atmospheric conditions, also the partial pressure of water vapour does not change. However, all these quantities do change with pressure – therefore for example during compressing technical gases the dew point increases and water condensation may occur. The graph of partial pressure of water vapour vs. temperature given by status diagram is shown in fig. 11.1, the values are in table 11.2. Using this table, we can convert individual quantities: e.g. knowing partial pressure of water vapour and temperature, we can determine relative humidity and dew point (see below). Absolute humidity can be determined from status equation:



Φ/ =



mH 2O V



=



n mm p/ = mm V RT



For simplicity, the calculated values of absolute humidity are also shown in tab 11.2.



Example of using the table: •



1 m3 of air at 25 °C may absorb 23 g of water, at 45 °C approximately 65 g of water, at 5 °C only 7 g of water.



•



At relative humidity 50 % and temperature of 25 °C, the partial pressure of water vapor is approx. 0,5 . 3170 Pa, thus p / =& 1600 Pa. The dew point is the temperature, where this value represents the maximum (saturated) humidity, i.e about 14 °C. Absolute humidity is about 12,1 g/m3: 1600 p // Φ = Φ = mm = .18 = 12,1 8,3 . 286 RT /



//
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•



Compressing the gas isothermically to 1/10 of its original volume, the pressure will increase 10x. If the original relative humidity was lower than 10%, it will also increase 10x. If the original relative humidity was higher than 10%, the resulting humidity will be higher than 100% and part of it will condensate.



•



Compressing the gas also causes proportional increase of the partial pressure values.



The relation between relative humidity, temperature and dew point is shown in a practical nomogram in fig. 11.2. Absolute humidity of liquids (e.g. kerosen) is usually stated as mass concentration in ppmw:



ppm w =



mp mv



. 10 6



Tab. 11.2 Partial pressure of water vapour and absolute humidity of saturated wet air. t [°C]



p' [Pa]



Φ//[g/m3]



t [°C]



p' [Pa]



Φ//[g/m3]



-80



0.05



0.00056



15



1710



12.88



-70



0.25



0.00267



16



1810



13.59



-65



0.5



0.0052



17



1940



14.51



-50



3



0.0292



18



2060



15.36



-40



13



0.121



19



2200



16.34



-35



25



0.228



20



2330



17.25



-20



100



0.857



21



2490



18.37



-10



235



1.94



22



2650



19.49



0



610



4.85



23



2810



20.59



1



660



5.23



24



2980



21.77



2



710



5.60



25



3170



23.08



3



760



5.97



26



3360



24.38



4



810



6.34



27



3570



25.82



5



870



6.79



28



3780



27.24



6



930



7.23



29



4000



28.73



7



1000



7.75



30



4250



30.43



8



1070



8.26



35



5620



39.58



9



1150



8.85



40



7380



51.15



10



1230



9.43



45



9580



65.36



11



1310



10.01



50



12340



82.88



12



1400



10.66



55



15500



102.5



13



1500



11.38



60



19920



129.8



14



1600



12.09
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Fig. 11.1 Status diagram of water vapour – i.e. partial pressure vs. temperature Relative humidity (%) Temperature (°C)



Dew point



Fig. 11.2 conversion nomogram between temperature, RH and DP
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60



Methods of measurement 1. Psychrometric method The basic part of psychrometer is a pair of thermometers – the dry one and the wet one. The dry bulb thermometer measures the temperature of air, the wet bulb thermometer measures decreased temperature tm , because it is constantly in wet fabric. The air flows around the wet thermometer and the water vapour takes away the specific heat of evaporation. The consumed heat results in decreased temperature tm. The difference t – tm is called psychrometric difference. For the psychrometric difference, the relation is valid:



p m// − p / t − tm = Ap p / = p m// − A p (t − t m )



(11.4)



where A [K-1] is psychrometric constant. For airflow faster than 2 m/s this constant is



A = 6,56 . 10-4 K-1



p m// [Pa]



is the maximum partial pressure of saturated water vapour at wet temperature tm ,



p// [Pa]



is the maximum partial pressure of saturated water vapour at dry temperature t,



p [Pa]



is barometric pressure (i.e. the pressure of the mixture).



Various units:



1 torr = 133,32 N m-2 1 bar = 105 N m-2 1 kp/m2 = 9,8066 N m-2 1 kp/cm2 = 1 at = 9,8066 . 104 N m-2 = 735,56 torr



Using (11.4) in (11.1) we obtain expression for relative humidity:



ϕ =



p m// − A p (t − t m ) p/ = . 100 .100 [%] p // p //



This expression is processed graphically (in a nomogram) or in a psychrometric table. Psychrometers:



a) Assmann (without artificial airflow) b) aspiration (with artificial airflow 2 m/s) c) electronic – sensing with resistive thermometers
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(11.5)



Table 11.3 Psychrometric table for temperatures +18,00 to +25,00 °C



t [°C]



Temperature difference tm - t [°C]



0,0 0,2 0,4 1,0 1,4 2,0 2,4 3,0 3,4 4,0 4,4 5,0 5,4 6,0 6,4 7,0 7,4 8,0 8,4 9,0 9,4 10,0 +18,0 100 98 96 91 87 82 78 73 70 65 61 56 53 49 46 41 38 34 31 27 24 20 18,2



100 98 96 91 87 82 78 73 70 65 61 57 54 49 46 41 38 34 31 27 24



20



18,4



100 98 96 91 87 82 79 73 70 65 62 57 54 49 46 42 39 34 32 27 25



21



18,6



100 98 96 91 87 82 79 73 70 65 62 57 54 49 46 42 39 35 32 28 25



21



18,8



100 98 96 91 87 82 79 74 70 65 62 57 54 50 47 42 39 35 32 28 25



21



19,0



100 98 96 91 87 82 79 74 70 66 62 58 55 50 47 43 40 36 33 29 26



22



19,2



100 98 96 91 87 82 79 74 71 66 63 58 55 50 47 43 40 36 33 29 26



22



19,4



100 98 96 91 87 82 79 74 71 66 63 58 55 51 48 43 40 36 33 29 27



23



19,6



100 98 96 91 88 82 79 74 71 66 63 58 55 51 48 44 41 37 34 30 27



23



19,8



100 98 96 91 88 83 79 74 71 66 63 59 56 51 48 44 41 37 34 30 28



24



20,0



100 98 96 91 88 83 79 74 71 66 63 59 56 51 48 44 41 37 35 30 28



24



20,2



100 98 97 91 88 83 79 75 71 67 64 59 56 52 49 44 42 38 35 31 28



24



20,4



100 98 96 91 88 83 80 75 71 67 64 59 56 52 49 45 42 38 35 31 29



25



20,6



100 98 96 91 88 83 80 75 72 67 64 59 56 52 49 45 42 38 36 32 29



25



20,8



100 98 97 91 88 83 80 75 72 67 64 60 57 52 50 45 43 39 36 32 29



26



21,0



100 98 97 91 88 83 80 75 72 67 64 60 57 53 50 46 43 39 36 32 30



26



21,2



100 98 97 92 88 83 80 75 72 67 64 60 57 53 50 46 43 39 37 33 30



26



21,4



100 98 97 91 88 83 80 75 72 68 65 60 57 53 50 46 43 39 37 33 30



27



21,6



100 98 97 92 88 83 80 75 72 68 65 60 58 53 50 46 44 40 37 33 31



27



21,8



100 98 97 92 88 83 80 76 72 68 65 61 58 54 51 47 44 40 37 34 31



28



22,0



100 98 97 92 88 84 80 76 73 68 65 61 58 54 51 47 44 40 38 34 32



28



22,2



100 98 97 92 88 83 80 76 73 68 65 61 58 54 51 47 45 41 38 34 32



28



22,4



100 98 97 92 88 84 80 76 73 68 65 61 58 54 51 47 45 41 38 35 32



29



22,6



100 98 97 92 88 84 80 76 73 69 66 61 59 54 52 48 45 41 39 35 33



29



22,8



100 98 97 92 88 84 81 76 73 69 66 62 59 55 52 48 45 42 39 35 33



29



23,0



100 98 97 92 88 84 81 76 73 69 66 62 59 55 52 48 46 42 39 36 33



30



23,2



100 98 97 92 89 84 80 76 73 69 66 62 59 55 52 48 46 42 40 36 33



30



23,4



100 98 97 92 89 84 81 76 73 69 66 62 59 55 53 49 46 42 40 36 34



30



23,6



100 98 97 92 89 84 81 76 74 69 66 62 59 55 53 49 46 43 40 37 34



31



23,8



100 98 97 92 89 84 81 77 74 69 67 62 60 56 53 49 47 43 40 37 34



31



24,0



100 98 97 92 89 84 81 77 74 70 67 63 60 56 53 49 47 43 41 37 35



31



24,2



100 98 97 92 89 84 81 77 74 70 67 63 60 56 53 49 47 43 41 37 35



31



24,4



100 98 97 92 89 84 81 77 74 69 67 63 60 56 53 50 47 44 41 37 35



32



24,6



100 98 97 92 89 84 81 77 74 70 67 63 60 56 54 50 47 44 41 38 36



32



24,8



100 98 97 92 89 84 81 77 74 70 67 63 60 56 54 50 48 44 41 38 36



32



25,0



100 98 97 92 89 84 81 77 74 70 67 63 61 57 54 50 48 44 42 38 36



33
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Tab. 11.4 Settled relative humidities above solutions of some salts Temp. [°C]



RH [%] Chlorid lithný LiCl



Chlorid hořečnatý MgCl2



Dusičnan hořečnatý Mg(NO3)2



Chlorid sodný NaCl2



Chlorid draselný KCl



0



11,23 ± 0,54 33,66 ± 0,33 60,35 ± 0,55 75,51 ± 0,34 88,61 ± 0,53



5



11,26 ± 0,47 33,60 ± 0,28 58,86 ± 0,43 75,65 ± 0,27 87,67 ± 0,45



10



11,29 ± 0,41 33,47 ± 0,24 57,36 ± 0,33 75,67 ± 0,22 86,77 ± 0,39



15



11,30 ± 0,35 33,30 ± 0,21 55,87 ± 0,27 75,61 ± 0,18 85,92 ± 0,33



20



11,31 ± 0,31 33,07 ± 0,18 54,38 ± 0,23 75,47 ± 0,14 85,11 ± 0,29



25



11,30 ± 0,27 32,78 ± 0,16 52,89 ± 0,22 75,29 ± 0,12 84,34 ± 0,26



30



11,28 ± 0,24 32,44 ± 0,14 51,40 ± 0,24 75,09 ± 0,11 83,62 ± 0,25



35



11,25 ± 0,22 32,05 ± 0,13 49,91 ± 0,29 74,87 ± 0,12 82,95 ± 0,25



40



11,21 ± 0,21 31,60 ± 0,13 48,42 ± 0,37 74,68 ± 0,13 82,32 ± 0,25



45



11,16 ± 0,21 31,10 ± 0,13 46,93 ± 0,47 74,52 ± 0,16 81,74 ± 0,28



50



11,10 ± 0,22 30,54 ± 0,13 45,44 ± 0,60 74,43 ± 0,19 81,20 ± 0,31



55



11,03 ± 0,23 29,93 ± 0,16



74,41 ± 0,24 80,70 ± 0,35



60



10,95 ± 0,26 29,26 ± 0,18



74,50 ± 0,30 80,25 ± 0,41



65



10,86 ± 0,29 28,54 ± 0,21



74,71 ± 0,37 79,85 ± 0,48



70



10,75 ± 0,33 27,77 ± 0,25



75,06 ± 0,45 79,49 ± 0,57



75



10,64 ± 0,38 26,94 ± 0,29



75,58 ± 0,55 79,17 ± 0,66



80



10,51 ± 0,44 26,05 ± 0,34



76,29 ± 0,65 78,90 ± 0,77



85



10,38 ± 0,51 25,11 ± 0,39



78,68 ± 0,89



90



10,23 ± 0,59 24,12 ± 0,46



78,50 ± 1,0



95



10,07 ± 0,67 23,07 ± 0,52



100



9,90 ± 0,77 21,97 ± 0,60



Note: The table is compiled from various resources collected by many researchers and by various methods in varying measurement conditions.
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11.2. Measurement of concentration of volatile vapour in air Measurement objectives Determine the transfer function (response) of the gas sensor in relation to the concentration of ethanol (CH3-CH2-OH) and N-heptan CH3-(CH2)5-CH3 vapours in air.



Procedure 1.a) completely ventilate the vapours from the glass bell jar. Turn on the power source and let the sensor heat up and settle (3 min., Vout = 5 – 10V). Make sure the small ventilator in the setup rotates. b) When the sensor output is settled, null the voltmeter display (turn on relative measurement by pressing NULL button – the initial value is subtracted). Take a full syringe volume (10 ml) of the ethanol vapour and inject it into the glass bell jar. After settlement (1 min) record the output voltage c) Repeat the procedure for two more injected volumes. Do not null the voltmeter and record the individual output voltages for individual concentrations of ethanol in jar. d) Calculate the real volume concentrations of ethanol Cs in the glass jar for these three measurements. From the table 11.5 and the temperature in the lab, determine the partial pressure of ethanol vapour and the concentration in the bottle.



Cn =



p/ [-] 101,325 kPa



d) The resulting concentration in the glass jar is inversely proportional to the ratio of the jar volume and the injected volume. Vinj is the injected volume, the jar volume is Vjar = 3,7 liter. Then:



Cn Vinj = Cs Vjar 2. The sensor is sensitive also to other volatile substances beside ethanol. Completely ventilate the vapours from the glass bell jar and repeat the measurement for n-heptan. Perform the measurement for six concentrations of n-heptan vapours (0,005; 0,01; 0,02; 0,04; 0,08; 0,12) %. Calculate the volumes of vapour to be injected in the jar to achieve these concentrations. Proceed by adding more and more vapours so that you need not to ventilate the jar between measurements. Record the settled output voltage values after 1 min. Note:



It is not recommended to take the bottle into hands because it warms up the bottle and changes the concentration of vapour. It is not recommended to take more than 100 ml of vapour in one hour otherwise the concentration may change.



The sensor measures changes of electrical conductivity of active layer of metal oxide
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exposed to ethanol vapour. The schematic circuitry is shown in fig. 11.3. To work properly, the sensor must be heated through resistor (on terminals 1-3), constant temperature is achieved by feedback loop using operating amplifier and power transistor. The temperature is sensed by the heating resistor resistance. The measured value is the resistance between terminals 4 and 3. The variation of heating resistor resistance is negligible when compared to high impedance of the active sensing layer.



Fig. 11.3 Ethanol sensor circuit
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Tab. 11.5 Partial pressure of ethanol vapour and n-heptan vapour in closed volume over level of 100% liquid. n-Heptan: normal boiling point: 98,40 °C ethanol: normal boiling point: 78,26 °C Temp.



Partial pressure [kPa]



Temp.



Partial pressure [kPa]



[°C]



Ethanol



n-Heptan



[°C]



Ethanol



n-Heptan



0,0



1,57



1,52



36,0



14,52



10,33



5,0



2,23



2,06



37,0



15,31



10,81



10,0



3,12



2,76



38,0



16,14



11,31



15,0



4,30



3,64



39,0



17,01



11,82



19,0



5,51



4,50



40,0



17,91



12,36



20,0



5,86



4,74



41,0



18,86



12,92



21,0



6,22



4,99



42,0



19,85



13,49



22,0



6,60



5,26



43,0



20,88



14,09



23,0



7,00



5,53



44,0



21,96



14,71



24,0



7,43



5,82



45,0



23,09



15,35



25,0



7,87



6,11



46,0



24,27



16,02



26,0



8,34



6,43



47,0



25,49



16,70



27,0



8,84



6,75



48,0



26,77



17,42



28,0



9,35



7,09



49,0



28,10



18,15



29,0



9,90



7,44



50,0



29,49



18,91



30,0



10,47



7,80



55,0



37,35



23,12



31,0



11,06



8,19



60,0



46,91



28,07



32,0



11,69



8,58



65,0



58,46



33,83



33,0



12,35



8,99



70,0



72,32



40,52



34,0



13,04



9,42



75,0



88,84



48,23



35,0



13,76



9,87



80,0



108,41



57,07



11



























des documents recommandant







[image: alt]





Humidity and chemical sensors 

Nov 23, 2006 - absorption or adsorption which can be removed without altering its chemical ... law of partial pressures, the total pressure exerted by a mixture.










 


[image: alt]





Chemical sensors based on quantum cascade lasers 

the mid-infrared spectral region from -500 to 3700 cm-' and.the absorption of ... mid-IR and far infrared laser absorption spectroscopy in the 3.5 to 130 pm ...










 


[image: alt]





chemical spill data .fr 

Phossy water. 24. 189. Plastics ..... Hydrofluoric acid. 10. 0.9343108. 1,276. Hydrofluorosilicic acid. 20. 101.3329621. Hydrogen ... Lithium metal. 3. 0.01821612.










 


[image: alt]





DSP 300 Alignment Sensors .fr 

11250 Hunter Drive, Bridgeton, MO 63044 ... Level Reminder, Pro-Comp, Cal-Check, Range Finder and WinAlign are marks of Hunter Engineering Company.










 


[image: alt]





Sensors of mechanical stress .fr 

R s2. U. I. R. 2 Îµ Îµ Îµ Îµ. 2P. 1P. R,R. 2S. 1S. R,R. - open circuit. - short circuit. - assuming: 4. 2. 3. 1. R. R. R. R. = - bridge balance condition. N â€“ nonlinearity factor ...










 


[image: alt]





chemical and chemical reactions in organic materials ... .fr 

Interaction between TXI and TPMK 11-179. Table 9. ... Table 11. Rate Constant of Interaction of ... initiated by light in the presence of a photoinitiator (PI) and.










 


[image: alt]





Sensors 

Target applications: Automotive systems and industrial products ... offers performance, reliability and design adaptability in a .... chip carrier (Case 344). ..... AC: one port (topside surface mount) ... Pressure Sensor Distributor Handbook.










 


[image: alt]





Chemical Dependency and the Physician .fr 

security, and financial stability may drive him or her to an ... manual on how best to perform a safe and effective inter- vention .... with a good monitoring system.










 


[image: alt]





acoustic sensors and associated embedded instruments .fr 

Jun 21, 2010 - embedded instruments (hardware and software/operating systems) ... L. Francis, J.-M Friedt, C. Bartic, A. Campitelli, A SU8 cell for surface acoustic ..... development of delay line tags compatible with GPR (MalÃ¥ RAMAC,.










 


[image: alt]





sorbents for chemical spill treatment .fr 

adsorption systems, or adsorbents can be spread onto the spill and mixing ... Source: Chemviron Carbon Technical Manual. ... the wetness limits air access. ..... This activated alumina can adsorb hydrogen chloride gas from a nitrogen carrier. ...... 










 


[image: alt]





Chemical synthesis and characterization of fluorinated ... .fr 

Introduction. Nowadays ... Impedance spectroscopy was performed using a Schlum- .... IR spectra main attribution of the fluorinated polyphenylthiophenes.










 


[image: alt]





PrimoPDF, Job 11 .fr 

growing experimental and theoretical interests for oxidoreduction reactions relevant to ..... real-time by femtosecond infrared spectroscopy, considering the ...










 


[image: alt]





NÂ° 11 .fr 

Journal Ã©crit par Antoine Delescole, magister d'Allery entre 1703 et 1712 : ..... Delescole (1701-1712) et Quatre Livres (1730-1758), ce dernier donnant une idÃ©e ...










 


[image: alt]





11 - Rocket Reverie .fr 

HAVE TO CALL UNCLE SCROOGES. RSSS TOWING SERVICE AND BE. (CHARGED THROUGH THE BEAK! PUNCA. DONALD! COME. BACK TO THE SHIP!










 


[image: alt]





catalogue accessoires fr 11 












 


[image: alt]





Fluctuons -11. Electromagnetism .fr 

INTRODUCTION .... is isomorphic to the space curvature of general relativity, and that .... by the relativistic theory of gravitation and the virtual particle mechanism.










 


[image: alt]





Pressure sensors 

definition: F .. force [N]. S .. area [m2] p â†’ F â†’ Îµ deformation element â†’ change in dimensions. Strain gauge direct (intrinsic) sensor. 2 ways of measurement:.










 


[image: alt]





Applied Sensors 

50 records - documentation or software you agree that it is to be used exclusively with Parallax products. ... that is programmed using a subset of Sun Microsystems' JavaÂ® ..... the laboratory, the hospital, and beyond earth out into space. ... part










 


[image: alt]





CHEMICAL SOLUTIONS, Inc. - Microsolv 

The software is Exceltm â€“based, so it is intuitive and easy to use. The software is not licensed or ..... Gradient: 3 mL GVS to 500 mL of mp. Gradient: 3 mL GVS to ...










 


[image: alt]





Danone Results Q3 11- FR 

18 oct. 2011 - Nous confirmons nos objectifs 2011. Danone se porte bien : l'Asie, l'AmÃ©rique Latine et la zone. Afrique-Moyen-Orient continuent Ã  croÃ®tre trÃ¨s ...










 


[image: alt]





chapter 11: sales reporting .fr 

dynamic worksheets and as dynamic pivot tables, and then use ... 11-3. Default Productivity Reports. Using the following default sales reports, view productivity for an individual salesperson ... the second column, point to Next X Months and select O










 


[image: alt]





Danone Results H1 11 FR 

difficile, tant du point de vue de la consommation que de celui de l'inflation des ..... courant correspond au rÃ©sultat opÃ©rationnel du Groupe avant prise en.










 


[image: alt]





EP 11-03 A .fr 

DEVELOPMENT UNTIL QUALIFICATION OF TEST. BENCHES ... development of test benches for Dynamic components. Reference .... Maintenance Manual.










 


[image: alt]





cleanup of chemical spills using air sparging .fr 

When injected into the subsurface, air will enter into pores with lower ..... or liquids in air or water due to the response to a pressure gradient (Bear, 1972; Fetter,.










 














×
Report 11. chemical sensors .fr





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



