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Abstract: In this article, the influence of external environmental conditions on the operation
of the "TPG-CH4" methane gas analyzer was experimentally studied. The main attention was paid
to determining the influence of factors such as temperature, humidity, pressure and other gas
mixtures on the measurement accuracy and sensitivity. According to the results of the study, when
the temperature exceeds +40°C, measurement errors increase to 8—10%, and at high humidity,
instability in sensor operation is observed. Also, a decrease in selectivity was determined in the
presence of other hydrocarbons. Calibration work, relative and absolute errors, and output signal
variability were evaluated according to GOST 13320-81 standards. The results of the study
indicate the need for automatic compensation and regular calibration for the effective use of the
"TPG-CH4" analyzer in industrial and laboratory conditions.
Keywords: Methane detector, TPG-CH4, external conditions, environmental influence,
measurement accuracy, sensor performance, gas analysis, temperature effects, humidity influence,
cross-sensitivity, metrological characteristics, calibration, reliability of measurements

HCCJIEJOBAHUE BJIUSAHUSA BHEITHUX YCJIOBHUM HA PABOTY
IF'A3O0AHAJIM3ATOPA METAHA «TPG-SN4»

AHHOTanusA: B naHHON cTaThe dKCHEPUMEHTAIBHO M3YyYEHO BJIMSHUE BHEIIHUX YCIOBUU
OKpYXaroliel cpelnbl Ha paboTy rasoananu3atopa merana «TPG-CH4y». OcHoBHOEe BHHMaHME
yIETIEHO OIpEAeNICHUIO BIUSHUA TakuX (aKTOPOB, KaK TEMIIepaTypa, BIaXXHOCTb, JaBIECHUE U
Jpyrue Tra3oBble CMECH Ha TOYHOCTb M YYBCTBUTENBHOCTh H3MepeHuil. Ilo pesympraTam
UCCIIIOBaHMs YCTAHOBJIEHO, YTO NpH Temmeparype Bbimie +40°C morpemHocTd u3MepeHui
Bo3pactatoT 110 8—10%, a mpu BBHICOKON BIAXHOCTU HAOJIOJAETCS HECTAOMIHHOCTh PabOTHI
natyrka. Takxke onpeaesieHO CHIKEHNE CEJIEKTUBHOCTH B MPUCYTCTBUU JIPYTHX YTIIEBOIOPOJIOB.
OneHeHbl KaTHOPOBOYHBIE paOOTHI, OTHOCHTEIBHAS M A0COIIIOTHAS ITOTPEITHOCTH, H3MEHUYUBOCTh
BbixogHOTO curHaia no ['OCT 13320-81. Pe3ynbraThl HMCCIEAOBAaHUS CBHAETENBCTBYIOT O
HEOOXOMMOCTH TIPOBENICHHUSI aBTOMATHYECKON KOMITEHCAIIMU W PETyISIpPHON KaTMOpOBKH IS
3 PEKTUBHOTO HCHOJBb30BaHUS razoaHamuzaropa «TPG-CH4» B NOpOMBIIIEHHBIX U
71a00paTOPHBIX YCIOBUSX.

KaroueBbie ciaoBa: J[letektop wmerana, TPG-CH4, BHemHue yclioBusi, BIUSHHUE
OKpY’Kalollel cpesbl, TOYHOCTh W3MEPEHHUs, MPOU3BOIUTEIHLHOCT JaTUMKa, TA30BBIA aHANU3,
BIMSIHUE  TEMIIEpaTypbl,  BIMSHUE  BIAKHOCTH,  TIEPEKPECTHAas  YyBCTBHTEIBHOCTb,
METPOJIOTHUECKUE XapaKTEPUCTHUKH, KATMOPOBKA, HA/IE)KHOCTh U3MEPEHUI

INTRODUCTION:

Reliable detection of methane is crucial in various industrial and environmental
applications. The TPG-CH4 gas analyzer integrates semiconductor and thermocatalytic sensor
elements to monitor methane concentrations. However, the accuracy of its measurements can be
significantly influenced by external physical and chemical environmental factors. This study aims
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to explore how such factors affect the analyzer’s performance and proposes optimization
strategies.

METHOD

An experimental evaluation method was used to study the metrological characteristics of the
methane gas analyzer "TPG-CH4" under the influence of various external factors. A series of tests
were conducted under laboratory conditions with changes in temperature, humidity, pressure, and
the presence of extraneous gases. Parameters such as error margin, sensitivity, and repeatability
were recorded for each change in conditions. The device was also calibrated using standard gas
mixtures.

The study established that the accuracy of the "TPG-CH4" gas analyzer readings is
significantly influenced by external physicochemical conditions.

When the ambient temperature exceeded +40 °C, the measurement error increased up to 8—
10%. High humidity levels (above 85%) caused instability in readings, especially during
prolonged exposure. Deviations from normal atmospheric pressure also led to measurement
inaccuracies, particularly under reduced pressure. The presence of other hydrocarbons (such as
ethane or propane) in the analyzed medium caused cross-sensitivity, reducing the selectivity for
methane.

Optimal metrological characteristics of the gas analyzer were observed under the following
conditions: temperature of 20-25 °C, humidity up to 70%, normal atmospheric pressure, and
absence of interfering impurities.

In laboratory settings, parameters were maintained as follows: test gas temperature at
20+ 5 °C, atmospheric pressure at 760+ 30 mm Hg, relative humidity between 40-60%, and
power supply at 220+ 10 V AC. Under simulated field conditions, the test gas temperature ranged
from +5 to +50 °C, pressure varied between 600—800 mm Hg, relative humidity extended from
25% to 95%, and the sensor could be inclined at angles up to 30°.

To assess the analyzer’s measurement range and basic error at concentrations of 0—1000
mg/m? and 0-5. 0%, calibration gases were introduced to the analyzer in a specific sequence (1-3-
5-3-1-5), where each number corresponds to a reference gas mixture with defined component
concentrations and ranges (%): No. 1 =10%, No. 3 =50%, No. 5= 95%.

The primary absolute error at each calibration point was calculated using the formula:

C=Ai-Ao (Equation5.1)

where Ai represents the measured concentration indicated by the analyzer at a given test
point, and Ao is the actual concentration specified in the reference gas certificate.

To quantify the relative error, the following expression was used:

C=(Ai—Ao)/(Ck-Cn) (Equation5.?2)

where Ckand Cn denote the upper and lower bounds of the analyzer’s measurement range
for the gas component, in mg/m? or %.

Tables 1 and 2 provide data on how the PTG-CH. analyzer’s signal output correlates with
methane concentration within its specified measurement ranges.

Table 1. Dependence of the signal of the PTG-CHa gas analyzer with a semiconductor

sensor on the concentration of methane in the range of CHs 0-1000 mg/m?

CHa content in the Found CHz4 S Sr*102
mixture, mg/m3 (x£ x), mg/m?
10 11+0. 3 0.24 2,2
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50 48+0. 9 0.72 1.5
250 245+1. 5 1.21 0.5
500 510+£2.0 1.61 0.3
750 740+2. 8 2.25 0.3
980 973+4. 8 3. 86 0.4

Table 2. Results of checking the measurement range of the PTG-CHa gas analyzer
with a thermocatalytic sensor (measurement range 0-5. 0% vol. ) (h=5,P=0. 95.)

CHa4 introduced, Found CHa, S Sr*102

% vol. (x£ X), % vol.

0.10 0.97+0. 02 0.02 1.7
0.50 0. 45+0. 06 0.05 1,1
1.50 1. 54+0. 09 0.07 2.7
2.50 2.56+0. 16 0.13 2.5
3.50 3.41+0. 15 0.12 2.5
4.50 4.43+0. 19 0.15 2.4
4.90 4.95+0. 21 0.17 2.4

The data presented indicate that, within the tested concentration ranges, the gas analyzer’s
output signal shows a linear relationship with carbon monoxide concentration

The analyzer is deemed to meet performance criteria if, at each concentration level, the
following condition is satisfied: B < B, where Bs represents the permissible signal variation
threshold.

As shown in Table 3, the observed variation in the gas analyzer's readings remains within
50% of the allowable basic error across all measurement intervals, which is consistent with the
limits established by GOST 13320-81. In fact, the recorded variations do not exceed 0. 5 of the
absolute value of the permissible basic error, indicating high signal consistency.

Table 3. Results of determining the signal variation of the PTG-CHa4 gas analyzer

(n=5, P=0. 95)
Methane content in Methane found(x+ x), % Basic abs. Variation,
the mixture, % vol. vol. pogresh %
Amax Anin ity
0.55 0. 45+0. 02 0. 46:+0. 02 0.05 0.01
2. 45 2.51+0. 03 2.49+0. 04 0. 06 0.02
4. 86 4.91=x0. 04 4. 89+0. 03 0.05 0.02

To evaluate the influence of ambient temperature variations on the PTG-CH4 analyzer's
performance, tests were conducted across a temperature range of 10 °C to 50 °C. A gas sample
containing 2. 85% methane was used during these trials. The temperature in the test chamber was
adjusted sequentially, starting from the baseline of +20 °C—identified as the optimal point for
assessing the primary error—followed by settings at 10 °C, 35 °C, and 50 °C. At each temperature
level, the analyzer was allowed to stabilize for one hour before the test gas was introduced and
readings were recorded. Each temperature condition was tested at least three times to ensure
consistency.
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To investigate the impact of humidity on the device’s performance, a series of experiments
were conducted using the following procedure: the gas analyzer was first placed inside a controlled
humidity chamber, where standard testing conditions were initially established. Once the system
stabilized, the baseline error of the analyzer was measured using a gas sample (GS) containing 2.
55% carbon monoxide by volume.

After one hour, the same gas sample was passed through a series of three interconnected
Tishchenko bottles filled with distilled water, which humidified the gas up to 95% before entering
the analyzer. The error under high-humidity conditions was then recorded.

Following this phase, the gas analyzer was turned off, and standard ambient conditions were
restored. After a two-hour stabilization period, the device was powered back on, and its baseline
error was rechecked under normal conditions.

As a result of the study conducted, a novel approach has been introduced to enhance the
selectivity of methane detection through thermocatalytic methods. This approach involves
integrating both semiconductor and thermocatalytic sensing elements into a unified system,
utilizing catalysts that exhibit minimal activity toward other components present in the analyzed
gas mixture. The measurements of absolute and relative errors, along with signal variability,
remained within acceptable thresholds defined for standard conditions in accordance with GOST
13320-81

CONCLUSION

The metrological characteristics of the "TPG-CH4" methane gas analyzer are significantly
affected by external environmental factors. Temperature, humidity, and the composition of the
gas mixture have the greatest impact. To ensure reliable results, it is necessary to conduct regular
calibration of the device, apply correction factors when operating under non-standard conditions,
and follow the manufacturer's recommended operational parameters.

During the experimental phase, the operational concentration ranges of the target gas were
established, along with evaluations of the primary measurement error, output signal variation, and
potential additional errors due to environmental factors such as temperature, pressure, and
humidity. The PTG-CH. gas analyzers were tested within methane concentration intervals of 0—
1000 mg/m? and 0-5. 0% by volume, both under controlled laboratory settings and simulated
operational conditions.
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