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Gas chromatography

Thermal conductivity detector
Thermal conductivity of gases

k (W/mK)
0.2

* Independent of pressure 0.18
* Highly contrasted between light gases 0.16
(H, He) and other gases 0.14
0.12
For a mixture of gases 1 and 2, with x5, x, the molar 0.1
fractions of each gas: 0.08
0.06
r Z k;(T) 0.04 I
mix — . 0.02
~1+Y. ,¢..ﬁ 0 i s 0 = i ]
l JFELTL] . .
i Air Ar CO CO2 H He N2 Ne 02
(pij Interaction term, very weakly dependent on temperature HAir BAr ECO HCO2 mH EHe EN2 ENe mO2

Thermal conductivity depends only on temperature & molar fraction
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Thermal conductivity detector
Applications

/f
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Vi

Gas chromatography (measure the concentration of
separated components)

Leak detection (of Helium & Hydrogen)



Thermal conductivity detector
Principle

Sample ga
N Wall (60°C) Thermal conductivity

Heat rate / Bead diameter
Bead (87°C) & VA /

Q — kmix E 6AT

Temperature difference

Outlet * Independent of the flow velocity

* Independent of gas pressure

* Wall & bead temperature are tightly
regulated

Inlet

Thermal conductivity is a material property that measures the transfer of heat by conduction
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Constant temperature TCD
Regulation of the bead temperature

RO V Rbead
bead out
| Analog R A
- controller
A
om mm Em Em Em E = E— = EE En En o o S e N
Rbead 4 I
: Tbead |
: T-sensor heater I
| )
\

Negative temperature coefficient (NTC) resistor

v

Tbead

NTC: 2-in-1 device that measures temperature (resistance variation) and creates heat (Joule heating)
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Constant temperature TCD
Regulation of the bead temperature

0
R bead | Analog Vour
- controller

v

Amount of withdrawn heat depends on gas
composition in the detector cell

The sensor measures the amount of heat needed to maintain the bead at the temperature setpoint
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Noise analysis o

Trace gas : te::'.p noise
k, 1
kmix ~ kHe 1+ x; k _ (.bHe,i S 10-7 -
He ¢i,He E'i ] w R
\ . ) ;-‘- —‘.]
~106 S
2 T _
dU  dkp, dAT I N R
= + 101 100 10!
freq (Hz)

U kmix

AT
\ ; sensor noise
I \ Temperature fluctuations

The temperature does not explain well the

[noise]

Output .
P . Thermal conductivity
voltage/baseline . .
variation /baseline
[measurement] .
[signal]
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Noise analysis

Trace gas
ki 1 — |
y resistor has:
kmix = kHe [1 + X; (k (,b _ ¢He,i - 1/f noise (flicker noise)
He Yi,He : . . .
‘ , - Thermal noise (white) <- our noise is white
Y
~10—6 NTC ~3 kQ
T U 4kyTR~7.4 iad 0.012 Counts
th — plh~/7.a3=—=— ~ U.
U? = kmixRyrc P 0AT VHz VHz
QU dky, dAT 8 CdRyre
. / \
— X -|- NTC ‘ Resistor error/baseline
\\ : Expected thermal noise is 100 times smaller than
Bead diameter th . t(1.53 ts/sqrt(H
error/bead diameter e experiment (1.53 counts/sqrt(Hz))
Output [noise]

Thermal conductivity
variation /baseline
[signal]

voltage/baseline
[measurement]



Then that leaves only the 1/f noise...



Excess 1/f noise:
Quantification using Hooge’s law

Resistance
variance/Hz

\

SRR Qg
e — RZ2 NQf
/

Carrier density

Hooge coefficient

frequency
Resistor

volume
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Spa/R? (1/H2)

Noise model
High fidelity electro-thermal model

10-12

— 239
— 61.3

1013 4

10-14 4

10-15 4

101 10° 10!
freq (Hz)

Experimental NTC noise spectra at various
bead temperatures (°C)

LIspice’

oy/V (1/Hz'?)
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—-= analytical
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sim (full circuit)
——=- sim (1st stage only)
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Experimental TCD noise spectra



Results
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Noise model
Asymptotic analytical model

Assume bead temperature perfectly regulated

=> The bead temperature changes to cope with the noisy

resistance

dR—aR(T* T)+n=0

With the power spectral density of n
given by Hooge’s noise expression:

This changes the voltage on the bead:

2
A T —T,
= W ¥ wall temperature
R Z

Thermal impedance of the bead

Low-frequency asymptote:

2
SVV Y 27TO{H T2
V2 NQw |28(T —T,)
High-frequency asymptote:
Syy _ 2may T? 3ry2e

.2 N |28(T —Ty) 2rkyrn

2



Minimization of the noise

Sketch of a perfect bead Low Hooge
coefficient

T= Small bead (less glass)

‘// High bead effusivity

2
Svv  2magy T? 3ry2e

%% N |28(T — Ty) 27kgrN

High charge /

carrier density

Larger NTC
High ambient fluid

thermal
conductivity

High temperature
coefficient

Independent of the circuit, mainly depends on the NTC geometry & material
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