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Ammvuak (NHg) — camblii pacnipocTpaHeHHBIN IeJIOYHOM ra3 B atMocdepe, OH ABJIIETCI IPUIHHOM
o0pa3oBaHHNs GOJBIIMHCTBA BTOPMYHBIX yJbTPagucnepcHsix yactun (PM2,5) nu kaTamuzaTopom 00-
pazoBanua armocgepHoit nbiMEN. Il03TOMYy OUeHb BasKHO KOHTPOJHMPOBATH ero KoHIeHTpanu. [Ipu
TPagUIMOHHOM ompeneieHnu KoHneHTpauun NHs nyrem aHanusa ero yiabTpaduoIeTOBOrO CIIEKTPa
B KaUeCTBe NCTOYHNKA CBeTa 00BIYHO MCIIOJb3yeTCA OTHOCUTEJIHHO JOPOTHue AeiiTepueBbie NN KCeHO-
HOBBIe JaMnbl. YTOOBI CHU3UTH CTOMMOCTS IPUOOPOB AJId onpeaeieHusa KoHuenTpauun NHsy, B aToii
cTaThe B Ka4eCTBe AJIbTePHATHUBHOTO HCTOYHNKA CBeTa OBLI UCII0Jh30BaH 00Jiee JeleBhIil CBeTOXUOI.

BeinmosHeHO 3KCHEePUMEHTAJIbHOE HCCIed0BaHNe II0 onpeneaeHnio KoHneHTpanun NHg ¢ ucmomas-
30BaHHEM CBETOaMOAA 0eJIoro CBeUeHNsd, co3JaHa d9KCIePUMEHTAJIbHAA YCTAHOBKA JJIA OIpeeIeHUus
ero ONTHYECKOH IJIOTHOCTHM IPH PA3IUYHBIX KOHIEHTPALUAX, U Pe3yJbTaThl U3MEPEeHUIl ObLIU CO-
IIOCTABJIEHBI C Pe3yJbTaTaMU U3MEPEHUI C HCIOJb30BAHNEM JeiTepPHueBbIX U KCEHOHOBBIX JJAMII KaK
MCTOYHUKOB cBeTa. CpaBHeHHUEe pe3yJbTaTOB IMOKAa3aJI0, UTO IIPH TeX JKe YCIOBUAX IKCIePUMEHTA uc-
TOJIb30BaHNeE 0€JIOr0 CBeTOaNoga NI u3MepeHus KoHueHnTpanuu NHg MosxkeT o0ecnedyuTs Takyro ke
TOYHOCTh. CBSI3H MESKAY IOTJIOIeHNeM M KOHI[eHTPAIlueil aMMuaKa Ha JJINHAX BOJIH U3JIy4YeHHUs CBe-
Toauona JuHeitHa. cxoasd U3 3TOT0 BO3MOSKHO IIPEICTABJIEHHOE KOHCTPYKTUBHOE pellleHNe TP BbI-
0ope HCTOYHUEKA CBeTa A4 onpeneneHnsd KoHIeHTpanuu NHg HU3K0H CTOMMOCTH M TapDaHTHPOBAHHOM
TOYHOCTH.
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Ammonia (NHjg) is the most abundant alkaline gas in the atmosphere and the cause of the majority
of secondary particles in particulate matter PM2.5. The method of ultraviolet spectrum analysis is
generally adopted in the traditional ammonia concentration detection with the deuterium or xenon
lamp, and its cost is relatively high. In this paper, white light-emitting diodes of a lower cost have
been used as the alternative light source.
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Then an experimental research on ammonia concentration detection has been carried out
and the results have been compared among those using white light-emitting diodes, deuterium
and xenon lamps. The results show that under the same experimental conditions, using white
light-emitting diodes to measure the ammonia concentration can achieve the same accuracy
as that with deuterium or xenon lamps. With this conclusion it can be provided one solution for
the light source selection of ammonia concentration detection with low-cost and guaranteed

accuracy.
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1. INTRODUCTION

Ammonia (NHj) is the most abundant alkaline
gas in the atmosphere, which is the root cause
of the formation of most secondary particu-
lates in PM2.5 and the accelerator of the haze
pollution formation in the atmosphere [1]. The-
refore, the monitoring of the NHg concentration
is very important to the environmental protec-
tion. The method of ultraviolet (UV) spectrum
analysis is generally adopted in the tradition-
al NHj concentration detection with the deute-
rium or xenon lamps as the light source, and its
cost is relatively high [2]. Some scholars have
already used light-emitting diodes (LED) with
different wavelengths to detect the concentra-
tion of nitrogen monoxide (NO) and nitrogen
dioxide (NO,). For example, the blue LED with
a central wavelength of 450 nm is used to de-
tect NO,. The band of this LED can just cov-
er one absorption peak of NO, [3]. The LED
with the central wavelength of 340 nm is used
to detect NO, which corresponds to an absorp-
tion peak of NO. However, the radiation power
of UV and blue LED is basically distributed
within 15 nm around the center wavelength.
The single wavelength LED can’t cover the
band needed for NH3 concentration detection,
and the cost of UV LED is much higher. In or-
der to reduce the cost of NH3 concentration de-
tection instruments, in this paper, a white LED
has been used as the alternative light source.
Then an experimental research on NHg con-
centration detection based on white LED has
been carried out. It’s found that the white
LED has the radiation covering the deep UV
band (200—-300 nm). When integrating multi-
ple white LEDs (twenty in the paper), the radi-
ation power in the deep UV band can meet the
requirements of normal measurement of NHg
concentration.

2. PRINCIPLE OF THE NH;
CONCENTRATION MEASUREMENT BASED
ON THE UV SPECTRUM ANALYSIS

According to the Lambert—Beer law, the absor-

bance of the NHj gas to be measured can be ob-
tained as follows:

e Loy
A= ln—Iout(}") — 6(M)CL, )

where, I is the radiation intensity of incident
into the sample gas cell, I ,; is the transmit-
ted radiation intensity having passed through
the gas to be measured, C is the concentration
of the gas, L is the length of UV absorption
path of the gas, (1) is the absorptivity of the
gas at the wavelength A, which represents the
light absorption capacity of the gas to be mea-
sured, and then its concentration can be calcu-
lated [4]. The absorption cross section of NHj
in the near UV band is shown in Fig. 1. Consid-
ering that the UV detector usually has a high
responsivity from 200 to 220 nm, the several
strong absorption peaks of NHj3 can be select-
ed within this range, at which the absorbance
measured can be used to detect their concen-
trations [5].
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Fig. 1. Absorption cross section of NHj in the near
UV band.



3. CONSTRUCTION AND DEVICE SELECTION
OF THE EXPERIMENT PLATFORM FOR NHj3;
CONCENTRATION DETECTION BASED

ON WHITE LED

In order to study the application of LED as the
light source in the detection of NH3 concentra-
tion, an experimental platform has been built, of
which the structure is shown in Fig. 2. The plat-
form consists of the LED light source, spectro-
meter, sample gas chamber designed with trans-
missive optical path of 50 cm, modulated signal
source, direct-current stabilized power supply,
computer and other devices.

3.1. Selection of the light source

According to the absorption cross section of
NHjy in the UV band, it can be concluded that
the light source selected for its detection should
be of a high spectral irradiance and balanced
radiation power distribution within the band
of 180—-230 nm. There are two common kinds
of light source to meet the above requirements,
which are the deuterium lamp and xenon lamp.
Then LED will be used here to replace the two
lamps above. Each of these three light sources
has its own characteristics, which will be brief-
ly described below.

The bubble shell of the deuterium lamp is
filled with deuterium gas of high purity. When
it’s working, its cathode produces electron emis-
sion, and the high-speed electrons collide with
deuterium atoms, and the deuterium atoms

Outlet I
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are excited to generate a continuous UV spec-
trum within 185-370 nm [6]. And its UV ra-
diation intensity is high, quite stable, and long
lasting.

Xenon lamp can emit strong light with the
high temperature arc discharge between two
tungsten electrodes in its quartz bulb. The pulse
width of existing pulse xenon lamps is gene-
rally within 0.01-10 s, and their instantaneous
brightness can reach 10* cd/m?2. The pulse xenon
lamp is the brightest artificial light source ex-
cept the laser [7].

Deuterium and xenon lamps are widely used
in UV-VIS liquid chromatograph, gas concentra-
tion analyzer and other analytical and testing
instruments [8].

The light emitting diode is simply referred
to as LED. It’s made from compounds contain-
ing gallium (Ga), arsenic (As), phosphorus (P),
nitrogen (N), etc. Light-emitting diode is com-
posed of a p-n junction like a normal diode.
When a forward voltage is applied to LED, the
holes injected from the p region to the n region
and the electrons injected from the n region into
the p region are counted near the p-n junction,
and they are recombined respectively with elec-
trons in the n region and holes in the p region,
resulting in spontaneous emission of fluores-
cence. Different semiconductor materials have
different amounts of energy released when
electrons and holes recombine, thereby chang-
ing the wavelength of fluorescent radiation [9].
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Fig. 2. Structure of the experimental platform.
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Light-emitting diode is widely used in lighting,
indicator lights, or to form text & digital dis-
plays.

Compared with deuterium and xenon lamps,
the biggest advantage of LED is its low price,
which is about 0.01 RMB of a single white LED,
while the price of deuterium and xenon lamps is
at least thousands of yuan. If the accuracy and
stability are very good, their price can even reach
tens of thousands of yuan. Therefore, if the white
LED can be used to replace the deuterium and xe-
non lamp, the manufacturing cost of the NH; de-
tection instrument will be greatly reduced.

Based on the characteristics of the above
three light sources, combined with the measur-
ing requirements of NH3 absorption spectrum,
the light sources selected for the experiment are
as follows.

(1) 504UW white LED

504UW white LED is selected for the ex-
perimental platform. It is of the single crystal
type, which is a single-color LED light emitting
diode plus corresponding phosphor, just like
the fluorescent light emitting method. Usually
white LED is used to excite yellow phosphor to
produce white light, while another way is using
UV LED to excite RGB three-wavelength phos-
phors to produce white light. Its external dimen-
sions are shown in Fig. 3, and its photoelectric

8.6 29.0+0.5

2.54

Fig. 3. 504UW white LED external dimensions.

Table 1. Photoelectric parameters of 504UW white LED

parameters are shown in Table 1 [10]. The reason
why UV or white LED has not been selected is
as follows. First, the power of UV radiation and
white LEDs are mainly distributed in the range
15 nm around their center wavelength, and sin-
gle wavelength LED cannot cover the spectral
band, required to determine the concentration
of NH3.

In the experimental platform there have been
twenty 504UW LEDs used to increase the lumi-
nous power. And the regulated and adjustable
power supply (ITECH IT6322A) has been used
to provide 5 V DC power to its drive circuit.
The modulation signal is provided by the signal
source (Dingyang SDG5082), which is a PWM
square wave.

(2) Xenon lamp L9456-1

The xenon lamp selected for the compari-
son experiment is the L9456-1 pulsed xenon
lamp developed by the Japanese Hamamatsu
Company. SMA905 interface is used for its op-
tical emission. Therefore, a UV fiber collima-
tor of SMA905 interface has been used in the
experimental platform as the optical emission
component. The specific technical parameters
of LL9456-1 are shown in Table 2 [11].

(3) Deuterium Lamp D-2000

The deuterium light D-2000 is used here,
which can produce a stable 190—400 nm spectrum
output with the SMA905 interface. Like L.9456-1,
the same UV fiber collimator of SMA905 inter-
face has been used as the optical emission com-
ponent. Main parameters of D-2000 are shown
in Table 3 [12].

3.2. Photoelectric detector -

USB4000 spectrometer

The spectrometer is selected as the detector of
the platform, which is used to collect the NHjy
absorption spectrum during the concentration

Parameter Symbol, unit Min Typ. Max Condition
Luminous intensity Iv, med 12000 13000 14000 Iy =20mA
Viewing angle deg - 30 - Iz =20mA
Dominant wavelength Ag> DM 350 400 450 Iy =20mA
Spectral width at half height Ak, nm - 30 - Iy =20mA
Forward voltage Vi V 3.0 3.2 3.4 Iz =20 mA
Reverse current Ij, pA - - <30 Vg=5V




Table 2. Technical parameters of L9456-1 pulse

xenon lamp

Parameter, unit L9456-1
Arc size, mm 3.0
Window material UV glass
Spectral range of light output, nm 185 to 2000
Maximum average input, W 5
Light output stability (max), % CV 1.5
Guaranteed life, flashes 1x10°
Operating ambient temperature, deg 0 to +50
Price, RMB 6600
Place of production Japan

Table 3. Technical parameters of deuterium lamp

D-2000
Parameter, unit Deuterium
’ lamp D-2000
Size (HxLxW), mm 100x205x180
Wavelength coverage, nm 190-400
(Deep UV lamp)
Peak-peak stability <0.005
at 250 nm, %
Drift per hour at 250 nm, % +/-0.5
Continuous working, min 40
Voltage and current ignition 350V/20A,
operating 85V/0.3A
Output power, W 25
Bulb’s lifetime, hours 1000
Price, RMB 3300
Place of production Shanghai China

Table 4. Basic parameters of USB4000 spectrometer

Parameter, unit

USB4000
spectrometer

Size, mm
Detector

Spectral region, nm
The entrance aperture, deg
Stray light, %

Dynamic range
Integral time
Onboard interface

89.1x63.3x35.5
linear silicon CCD
array with
3658 pixels
200-850
25

< 0.05 at 600 nm
< 0.10 at 535 nm

2x108
3.8ms—10s

8-1/0s, synchronous
trigger
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detection. In order to design a portable NHj3 con-
centration detection instrument in the future,
USB4000 Spectrometer produced by American
Ocean Optics has been selected as the photoelec-
tric detector. It uses USB2.0 for the data trans-
fer and is compatible with a variety of operating
systems, including Linux, Mac or Windows, and
can respond to the spectrum range from 190 to
440 nm. Its basic performance parameters are
shown in Table 4 [13].

3.3. Optical absorption pool -

50 cm transmissive absorption

gas chamber plated with Teflon

According to Lambert—Beer law [3] and the
equation (1), the absorbance A is directly pro-
portional to the gas concentration C to be mea-
sured and the absorption path L. Therefore, the
absorption path is an important factor that can
determine the detection limit of the NH3 concen-
tration [14]. Then a 50 cm long transmissive ab-
sorption gas chamber with the inner diameter of
40 mm has been used in the platform.

4. NH; DETECTION EXPERIMENT BASED
ON WHITE LED

4.1. Comparison of background s

pectrum among three different kind

of light sources

With the conclusion of the research on the light
source characteristics in Ref. [2], the modulation
frequency of LED and xenon lamp has been set
to 8 Hz (the radiation from the deuterium lamp
has a continuous spectrum, so no modulation is
required), the integration time of the spectrom-
eter has been set to 125 ms, and the average
number has been set to 10 times. Under this con-
dition, the original spectrum of the three light
sources actually collected with the experimental
platform, which belongs to 504UW white LED,
1.9456-1 pulsed xenon lamp and D-2000 deuteri-
um lamp respectively, are shown in Fig. 4.

It can be seen in Fig. 4 that within the NHjy
absorption peak range of 200-230 nm, 504UW
LED has the largest light intensity, which is
close to saturation, the light intensity of 1..9456-1
is smaller, and the intensity of D-2000 is the
smallest. From the values of the light inten-
sity, it can be concluded that LED works best.
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The formula of spectral power (W/nm) is as fol-
lows [15]:

0 (A)=do, /d. 2

Then the ratio between different powers at the
same wavelength should be as follows:

dgey/dh I (M)

0a (M2 (M) =G0 T T 12, ()

3)

The light intensity (I) at the two absorption
peaks (204.7 and 208.5 nm) used for NHg detec-
tion has been substituted into equation (3) to ob-
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T

(9]
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Fig. 4. Spectra of the white LED, D-2000 & 1.9456-1.

The 1 line represents the white LED, the 2 line repre-
sents D-2000 and the 3 line represents 1.9456-1.

tain the spectral power ratio between LED and
L9456-1, LED and D-2000 respectively and then
the ratios have been listed in Table 5, as well as
their respective intensity values.

It can be concluded from Table 5 that in terms
of light intensity and its power, choosing LED
as the light source for NHg concentration detec-
tion has advantages of larger power than xenon
and deuterium lamps. Based on the above expe-
rimental results, the absorbance of the NH; gas
sample will be measured below.

4.2. Experiment for measuring

the NH; absorbance

According to the above experimental condi-
tions, the research on the application of LED in
NHj concentration detection has been carried on.
Since the light path and the absorption coefficient
of NH3 remain unchanged in the experiment
(temperature and pressure in the laboratory are
constant), in order to simplify the data process-
ing, absorbance is used as the characterization of
its corresponding concentration here. High con-
centrations of ten NH3 gas samples and low con-
centrations of twenty samples are used, and their
absorbance at two absorption peaks (204.7 and
208.5 nm) are selected and measured with the
Lambert—Beer law separately. The correlation co-
efficient of absorbance among different NH; con-
centrations using three light sources are shown
in Table 6. The correlation coefficient R indicates
the linear relationship between two variables, the
closer the absolute value of R is to 1, the stronger
the linear correlation between the two variables,
so the results in Table 6 can demonstrate the ef-
fect of each light source for NHj3 detection.

Table 5. Spectral power ratio between LED and L9456-1, LED and D-2000

Peaks, nm 504UW L9456-1 D-2000 504UW/L9456-1 504UW/D-2000
204.7 53289 10728 46844 24.67 1.30
208.5 54332 10162 50130 28.58 1.18

Table 6. Correlation coefficient of absorbance among different concentrations using three different light

sources
Sources 504UW L9456-1 D-2000
Peaks, nm low high low high low high
204.7 0.987 0.978 0.996 0.977 0.996 0.988
208.5 0.994 0.973 0.993 0.967 0.994 0.978




Table 6 shows that when measuring absorp-
tion of low-concentration NHg correlation co-
efficients of optical density at two absorption
peaks shows that the deuterium lamp better
than LED and LED is better than pulse xenon
lamp. It can be concluded that for the low-con-
centration NHj, the stability of the pulsed xenon
lamp is the worst, LED is slightly better, and the
deuterium lamp is the most stable because it is a
continuous light source. In addition, the correla-
tion coefficient at 204.7 nm is better than that
at 208.5 nm, which also conforms to the phy-
sical law, because the absorption coefficient is
larger at 204.7 than 208.5 nm, therefore the cor-
relation coefficient is larger. When measuring
the absorbance of high-concentration NHjg, the
result is that the deuterium lamp is better than
pulsed xenon lamp and then LED at 208.5 nm,
but at 208.5 nm the result is that the xenon lamp
is better than the deuterium lamp and then LED.
The correlation coefficients at the two peaks are
not consistent, which shows that during the ab-
sorbance measuring of high-concentration NHj,
the stability of white LED is the worst, and the
performance gap between the deuterium lamp
and xenon lamp is not large, which is difficult
to distinguish. In summary, compared with the
deuterium and xenon lamps, measuring NHg ab-
sorbance with white LED can achieve accuracy of
almost the same magnitude with the lowest cost.

5. CONCLUSIONS

In order to reduce the cost of NH3 concentration
detection instruments, in this article, LED of a
lower cost has been used as the alternative light
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been carried out, in which and a corresponding
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the absorbance of NHj3 at different concentra-
tions, and the measuring results has been com-
pared with those using deuterium and xenon
lamps as the light source under the same con-
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lamps. The correlation coefficient at 204.7 nm
is 0.987 of the low concentration and 0.978 of
the high concentration, and that at 208.5 nm is
0.994 of the low concentration and 0.973 of the
high concentration. With this conclusion it can
be provided one solution for the light source se-
lection of NHg concentration detection with low-
cost and guaranteed accuracy.
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