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A flow injection analysis coupled with a gas permeation unit for the sensitive determination of
ammonia was investigated to improve the sensitivity and the rapidity of the determination of
trace amounts of ammonia in exhaust gas. As gas sampling times are shortened, ammonium
concentrations in absorption liquid(boric acid solution) will be lowered; the determination sen-
sitivity of ammonia in the absorption liquid needs to be improved. Various experimental condi-
tions, such as reagent solutions, sample sizes, reaction temperatures, flow rates of the reagent
solutions and the length of gas permeation tube, were investigated and optimized. Of these,
the reaction temperature and the length of gas permeation tube were found to greatly effect the
sensitivity improvement for the determination of ammonia. The effect of the length of the
microporous PTFE tube used for the gas permeation system was investigated by varying the
length from 5 cm to 50 cm. The results showed that is the 50 cm tube, the peak height was
about 6 times higher than in the 10 cm tube, and the percentage of the permeation of ammonia
was about 55% and 9% in the 50 cm and 10 cm tube, respectively. Under the optimized condi-
tions, the limit of detection of ammonia was lowered down to on fifth of the previous system.
The limit of detection corresponding to the standard deviation of the reagent blank of 3 was 4
ugl ' of NHs*. A calibration graph was linear from 10 pg 17! to 500 ug 1! of NH,*. The rela-
tive standard deviations for 50 ug 17" and 100 pg 1" of NH4" were 4.5% and 2.3%, respectively.
The proposed method was suitably applied to the determination of ammonia in the exhaust gas
of the thermal power plant.
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Fig. 1 Schematic diagram of flow injection system for ammonia determina-

tion.

CS: carrier solution(0.08 M boric acid); RS1: reagent solution 1(0.2 M
NaOH); RS2: reagent solution 2(3.8 X 10™* M Cresol red, 2 X 10" * M HEPES,
pH 7.0); P1: Pump 1(0.5 ml min™'); P2: Pump 2(0.4 ml min"'); S: sample
injector(300 pl); RC: reaction coil(0.5 mm i.d. X 1 m); GP: gas permeation
unit; TC: temperature-controlled oven(60C); D: detector(575 nm); R:
recorder; Wes: carrier solution waste; Wgs: reagent solution waste.
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Fig. 2 Effect of flow direction of solutions in gas per-
meation unit

A: the carrier solution flows into the outside of the
microporous PTFE tube, reagent solution 2 into the
inside of the tube. Both flow direction are the same.
B: the reagent solution 2 flows into the outside of the
tube, carrier solution into the inside of the tube.
Both flow direction are the same.

C: the carrier solution flows into the outside of the

- tube, the reagent solution 2 into the inside of the tube.

Each flow direction is reverse.

Fiote. REHEAROBINICHE Y — 2 & < 2T 5
A%, 250~300 ul FHEBL ETIRIZIZ—E L ko, D7
& 300 ul #ERA L.

33 RICREDEE

B E ARICBEENEL 2D IV E— B EhmL
7oAt T0C UEICRBEBARBORENR N, L
Lo TRHRERRAAT, BREMOEEEL 60C IZEREL
72, B, BHR'O'VTIE 40T TIToTWaAEY, FREEIRS
NICHRZ EH 15 EBREICR 5.

3:4 RISHERTROKRE

RIS 2 DFE% 0.1~ 1.0 ml min~' DHEHE TLEAL
EE TR LA, E—JB3RERBOBRIICHES THM
L, 02mlmin” ' A THROKRELRY, THETTIE/h
S ot REEIELTHEMERMNE 2B
O, P -/ B3 LHERBLZZRBLT04ml min ' 28
HL7.

35 HALHBEENOFRFEZDHRE

HALBEE~NDBRFEICOVWTRDOEBHVREL
2. (1) Fr VX —FREEOHNM, RICRER22EE
ORI, ALAECERE R, (2 Fv) Y-
BREEEOANM, RICAER 2 xEONE~, B LAME
1B, (3) Fy XY —BHREZEONME, RISAEE?2
REONEN, BOFHEIBHE, ZOHRE Fig. 2R
T. B®9"0 (1) o@fFETEVE -8B o,

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

50 ) BUNSEKI
0.08 80
, @ 2
© )
Q
g 006 © w | £
=] a3
o Q
_e =%
g 0.04 60 3
£ -_— =
< =
o
-]
0.02 | 150 3
(a 3
P S— -
—&/./‘.—",—_' g
0 1 . f ' 40 Ay
0 10 20 30 40 50 60

Gas permeation tube length/ cm

Fig. 3 Effect of gas permeation tube length on the
absorbance corresponding to peak height

NH,  (mg17"): (a) 0.1, (b) 0.5, (c) 0.1, (d) 0.5; (a)
and (b): absorbance; (c) and (d): peak width
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Fig. 4 Flow signals for calibration graphs of ammo-
nia
NH," (mg1™"): (A) 0, (B) 0.01, (C) 0.05, (D) 0.1, (E)
0.5. '

Table 1 Determination of ammonium ion in absorp-
tion liquids which dissolved ammonia in the
real boiler exhaust gas

This method Other method”

Sample NH,*?, RSD®, NH.,",

mg 1™ % mg1™'
A 0.73 0.85 0.70
B 1.39 0.57 1.41

a) Mean values of six determinations. b) Relative standard
deviations of six determinations. c¢) Values obtained by ion
chromatgraphy. Exhaust gas sampling was 10 1 of gas were
absorbed in 250 ml of the absorption liquid by using the gas
sampling system.
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