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Challenges in measuring VOCs

Focus of this presentation

See presentation Jennifer Englert
on purifier testing

See presentation Marivon Corbel
on Gas Standards



Approaches to investigate VOC
adsorption

Project partners investigate the adsorption/desorption effect of
VOC gas mixtures on various materials used for sampling and
dynamic generation:

1) Study adsorption-desorption kinetics in step-change methanol
concentration tests using GC (DWD) & CRDS (VSL)

2) Characterize chemical speciation on surfaces via x-rays (PTB)

3) Model the adsorption-desorption kinetics (POLITO)



Set-up for measuring the adsorption

MeOH St e p 2

Methanol mixture via tBgidsdeo
ORD&tell
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TUBE BYPASS  test tube flushed with N,

| 1
CRDS CELL

Methanol : ~100-500 nmol/mol
Flow : ~0.2 L/min
Temperature : 20 °C
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CRDS" spectrometer
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CRDS= Cavity Ring Down Spectroscopy
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Tested materials

Aluminum Nickel
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Stainless steel
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Amount fraction (nmol/mol)

Result Copper

200 - switch to tube
| bypass
Copper tube
150 LxODxID=3mx3.2mmx 1.6 mm
Inner volume: 0.006 L
i Flow 0.2 L/min
transit time: 2 seconds
100 —
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Methanol (nmol/mol)

Result Stainless Steel tubing

bypass
to bypass

300 -

| ! Premium Grade 304 Stainless Steel Tubing
| Manufacturer: Supelco
|

LxOD.xI[.D.:1524m x6.35mm x 5.3 mm

200 S \ inner volume: 0.34 L ;
1 total flow rate: 0.2 L/min
'\ transit time: 100 seconds
i
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Result SilcoNert coated Stainless

Steel tubing

200 _PYPass

¢switch to test tube

50 H

Methanol {nmol/mal)

Amount of substance (nmol/mol)

300
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Premium grade 304 Stainless Steel Tubing
with SilcoNert 2000 coating
LxODxID:15.24 mx 6.35mmx 5.4 mm
Inner volume : 0.34 L

Total flow rate: 0.2 L/min
Transit time: 100 seconds

bypass
WI to bypass

{ inner volume: .34 L
L total fow rate: 0.2 Limin f
transit time: 100 seconds

Fremium Grade 304 Stainless Steel Tubing
Manufacturer: Supelca
L=OD =1D.-1624m =635 mm = 53 mm
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GC-based test set-up at DWD

Test tubings (L=10 m):

Stainless steel 321 (untreated), 1/8 ID 2 mm
Electropolished 316 stainless steel, 1/8“ ID 2.06 mm,
Sulfinert® passivated 304 stainless steel, 1/8 ID 2.159 mm
Sulfinert® passivated 316 stainless steel, 1/8“ ID 2.1 mm
PFA tubing, 1/8“ ID 1.58 mm

PEEK tubing, 1/8 ID 1.59 mm


Presenter
Presentation Notes
The measurements were performed by a gas chromatograph (GC) coupled with a flame ionisation detector (FID). A methanol mixture or zero air enters the FID either directly or via a coiled 10 m test tubing. A defined flow of standard gas is added in the zero air stream by a restriction set-up: restrictors are fused silica capillaries with different inner diameter and lengths depending on the desired flows.
No devices with active surfaces or dead volumes (e.g. MFCs) are used in the sample path. Pressure and temperature are controlled at a constant level. No GC column – Advantage: Much higher time resolution for the experiments (necessary to exactly characterise the time of adsorption on the surfaces). Disadvantage: Have to work with single-component mixtures, cannot test different VOCs at the same time.
Six different materials commonly used for GC applications have been tested according to a standard procedure: After 24 hours of flushing with zero air at a tubing temperature of 50°C/100°C, a 1 hour sequence was run for 5 times.


GC method

Methanol mix through a bypass on the direct way to FID

First methanol passed the tubing

v
AN

Change path of
methanol mix through Switch off methanol mix, only the zero

the test tubing air runs through tubing

Zero air on the direct way to FID
J Zero air runs through tubing

FID response (overlay of 5 runs)

time [min]

Sulfinert® passivated stainless steel
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Example results at 50°C tubing temperature

Red = Sulfinert® tubing
Blue = PFA tubing
Black = PEEK tubing

FID response [mVolts]

time [min]



Results of PFA at 50°C and 100°C

50°C 100°C



Summary results for tubing at 50°C and 100°C

Mole fraction of 3 umol/mol, flow rate 15 ml/min

Tubings (1/8 inch OD)

50°C results

100°C results

Stainless steel 321 (untreated)

strong adsorption/desorption

no methanol detectable,

destruction on the hot surface?

Electropolished stainless steel 316

strong adsorption/desorption

slightly better

Sulfinert® passivated stainless steel 304

no adsorption/desorption

no adsorption/desorption

Sulfinert® passivated stainless steel 316

no adsorption/desorption

no adsorption/desorption

PFA tubing

acceptable, but intensive

flushing required

high outgassing of VOCs

PEEK tubing

some adsorption/desorption

some adsorption/desorption,

slight outgassing of VOCs
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