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Background Sensor systems
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= The development of online sensors that allow the validation | Spectrometer 1064 nm

of the cleaning demand and efficiency is the main objective
of the BMEL funded joint project SensoRein

detector

= Prototypes based on different sensor methods shall be built

up and verified If they are suitable to determine the end of I
the cleaning process tube with liquid flow -> t
Fig. 1: Schematic illustration of the different sensor principles developed in the project
Quartz Crystal Sensor (QCM) Fluorescence Spectrometry Laser-Induced Breakdown
= Sensor uses the inversed piezoelectric effect = Optical fibers are integrated into the Spectroscopy
e walls of food processing equipment » _ _ _
=» AC voltage generates shear oscillation in a quartz 3 = LIBS is well established for elemental analysis on
crystal with an AT cut. The measured resonance = During production (cleaning), a layer e solids, measurements in liquids is a new approach
parameters change when a soll layer is applied to of solil will deposit (dissolve) on -
the quartz crystal, what allows conclusions on the vessel walls and fiber tip in similar samessse | " ADJUSEING OF laser setup to generate plasma with
soil layer thickness ways {Vdvx 50 mm double pulse and measurement routine to improve
opticl fvr detection limit in liquids
= Examination of the sensor behavior in cleaning tests = UV light sent through the fiber gives 6 Inearat
] ) ] ) ] 1g. 6. Integration ) ] ]
with starch in a flow channel test rig rise to fluorescence of the soll layer, into the vessel = Spectral analysis of plasma yields concentration
3 s e i ablished which is collected by the very same fiber and analyzed level of residuals within the tube as shown below for
€nsorsighalis validated by ah establishe together with scattered excitation light dried tomato paste at air detected via sodium signal
optical contamination sensor which monitors the
soil removal on the quartz surface from the = The signal intensity is related to the amount of soll 0.8 .
v . O a
o) OSlte Slde _ stainless steel ferrule 5- JE
PP = The cleaning process can be comnector "
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<, QCM sensor monitored and controlled o ptct o 2508 %
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Fig. 2: Developed prototype Fig. 3: Integration of the sensor in a flow Fig. 7: Advanced filter oft-axis / \ I / / Fig. 9: Correlation of the sodium signal to the
channel test rig for cleaning tests and detector system  mirror concentration of tomato paste
First results First results First results
= (Cleaning tests show a significant signal shift of the quartz = Tests with a variety of substances
resonance during the soil removal (whey protein, ketchup, mustard ...) gas bubble
= Comparison with the optical contamination sensor show = Close to industrial conditions >O;
a good correlation regarding the detected cleaning progress (DIVERSEY test system) 207
§ 06 final state: clean surace
320 . 100 = All substances yield sufficient :é‘:‘ il e\ [
o sensor _o \\ Resonance Frequency fluorescence intensity 5. | thicklayerof
6 OE \ = = - Resonance Impedance o= 0.1 Whey prOteln
< 5 60 —— Optical Sensor . 0
g 340 2 = No false negative results: 0 e 1000 1
% 4 % 40 . ] ] time (s e
£ ////\ * 20 . A low signal always indicated Fig. 8: Measured sensor curves '
. Soiled Sensor L R . a clean surface — suitable during cleaning Fig. 10: High speed camera image
9,93 9,94 9,95 0 100 200 300 400 G "o I I . . _
Frequency n Cleaning Time in stop” indicator for cleaning process High speed camera image of second laser pulse hitting gas
Fig. 4: Measured sensor curves Fig. 5: Comparison of measured = On going studies: absolute calibration of film thickness, bubble to excite plasma for elemental analysis in liquids
during cleaning residual soil with optical sensor . .
temperature dependence, full automation of sensor operation
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= First results have shown the functional principle of the different sensor methods
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= Test runs with the three sensor prototypes in the test rig e tanduiischar
= Minimization of the measuring equipment (compact design)
= Examination of further coating candidates regarding their required individual properties e Deuschebrmdstane:
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Adhesion of a whey protein system on potential sensor coatings
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Background Test Rig &j

= Production plants in the food industry are highly automated s
resulting in oversized cleaning processes since they are not . o
adjusted to the cleaning demand due to the lack of - - j
sufficient online validation P
= The development of online sensors that allow the validation i i
of the cleaning demand and efficiency is the main objective L A ) ’Sg ﬁj
of the BMEL funded joint project SensoRein e
» These sensors need coatings that (1) mimic the surface | | @& . “
properties of the metal pipe while, (i) mimic the surface
properties and allow the transmission of light or (iii) transmit

Bypass Flow Channel %{

ight and exhibit non-stick behavior

Flow Channel (HD 22 mm)

Adhesive force of the model soll
) B oeqew=]" = Performance of Fluid
30 Dynamic Gauging (FDG) i o1 Parameter
- . - Adapter half shell
i . az experlments to d?termme ’ Awo: Temperature [°C] RT 90
Ei e adhesive forces ! Sensor plate vaos ¥—O vaos ¥—O Pressure absolute [bar] 1 7
g 2 g > Prod : f i V404 Flow rate [m s] 0.3 1.9
-E:’ -15 G | ro UC’[IfOH ohveryt m_ | Reynolds number [-] 5-10% | 1.3-10°
o - ayers of a whey protein ge o Hovalue . ”
. 103 (<75 um)
5 = FDG results reveal a Fig. 4. Process flow diagram of the test rig and exploded view of the flow channel
- necessary wall shear stress o _
o of 21.3 + 6.7 Pa to pull of = The modular flow channel allows the flexible installation of sensor prototypes
o veormelE o ashiRelER o LASOLREL A th del soil = The test rig is suitable for various automatized cleaning experiments including autonomous
Fig. 1: Layer thickness and wall shear stress € model SOl . £ tha cleans gi q gi f Hval
of a whey protein system on three 1.4301 preparayqn of the cleaning medium and recording of process parameters (temperature, pH-value,
stainless steel Samp|es COndUCtIVIty and ﬂOW rate)
Influence of the coating process on the surface roughness Summary
0.40 2.5
o =gggf:fd | =gg;f:;ed = Sample plates were adjusted to a surface = Build-up of a test rig for the validation
o o roughness of R, < 0.8 ym of sensor prototypes under CIP
0.30 - | The samples were prepared with two SICON (iii), conditions
§ 0.25 5 one oxide (i) and three stainless steel sputter (i) = Necessary wall shear stress to
- O coatings overcome the adhesive force of whey
g ¢ The surface roughness was determined via digital protein on stainless steel is 21 Pa
;3”0-15- B 10- microscopy = Coating of the sample plates does not
0.10- B | affect the surface roughness
_ 05 - The surface roughness could be adjusted to = The SFE lies within a narrow range for
0'05__ R,=0.27£0.0017 ymand R, =1.79 + 0.06 pm the investigated coatings
0.00 - 0. The coating process did not influence the surface
| < & | 4 Q2 roughness
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Fig. 2: Surface roughness R, (left) and R, (right) for the first examined coatings Outlook
: : = Test runs with the three sensor
10 B Water| 50 ] Bl Disperse] ® Drop shape analysis to investigate the surface = Improvement of the FDG experiments
45 - B Polar free energy (SFE) appyling the Owens, Wendt, = Investigation of starch and tomato
100 - ' Rabel and Kaelble method (OWRK) [2-4] paste as further model soils regarding
= the adhesion and contact angle
® _ ! . .
] ” = Increased water contact angle for sputtered = Examination of further coating
8 60- stainless steel coating candidates regarding their required
g = Relatively high standard deviation of SFE due individual properties
S 40- to the preparation with sandpaper
- = Polar part increased for oxide coating
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Fig. 3. Contact angle of water (left) and surface free energy (right) for the first examine%l coatings
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