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Determination of Nitrogen Oxides of Low Concentration in
Exhaust Gas by Improved Phenol Disulfonic Acid Method

Toshikiko HATA, Yoshihisa Kono, and Yoko BanNo

Synopsis:

There is in Japanese Industrial Standard the method for determination of nitrogen oxides (NOx), JISK
0104 in which the mesuring range of phenol disulfonic acid method (PDS method)is described to be between
10 and 2 000 ppm. However, it is known that this method shows considerably lower values in the range
of low concentration of NOx and requires very long time for analysis.

Therefore, the authors devised a gas sampling apparatus in which NO was oxidized with oxdizing gas
to remove these weak points. Two methods, the oxidation method with oxygen and oxidation method
with ozone, for the determination of NOx have been experimented.

The following results were obtained.

(1) Analytical results of NO balanced with nitrogen by this method agreed closely with those by chemi-
luminescent method (NOx meter) and standard deviation for 10 ppm NO and 50 ppm NO were 0.126

and 0.293 respectively.

(2) The time required for analysis was shortened from 1/5 to 1/7 by the use of this method.

1. &

BREEBIRS S M & & &I (RIREE (10ppmbLT) o
EHEELY (NOx) % ks D IEREICHIE T X B (b2
PEREENR TS, L Lkstd, NOx Jhpofmu
BEDBVLRTWBHFIIS DT = ) — V2 2ok ik
H (PDSH)V L, @M#IFE 10~2000ppm &k
BRI C VMM IR Z 7R Uy 2> DA AR AT AR <
(20h BLE), BITHR . FOLDICEE LT, ch
SORERRL 72D H R RIREB 2 ZE L, 4T
HRCERLA R E, W DnDOWBE ML, S5 0Tk
BEZAESES & &I, SHATENR LAY T 5
ZEMNTERDTHRET 5.
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2. HERBIUEE
2.1 B ¥
FRALEIK © # 27 523 11 27k 800 ml % AL
iz HeSO, 3 ml, H,O, (30%) 10 ml 2, K%
EME T CRRB L.

PDS B : 7= — 25g iz H,S0, 150 ml i
RIKEE L CHnBAEAR U, WAt%,  FEMEBEEE (MEik SO,
15~80%) 75 ml Zhnxz, 7kip BT 2 h st cIym
L7z

TR A & U ARUEPSHE © 105~110°C T 2h R 7=
KNO; 0.451 g 2 TE LS FEOHLD, KicHEMELT 1L &
L7c. COWWETEIT 10 50 3R U ClEm A 2 I5m
L7z ZOF# 1ml yx 0.0l ml NO, (0°C, 760 mm
Hg) it 8%+ 5.

IKEAE D VU LR : KOH 56 g % okicigfg LT 11
E L7

X DADAZE : HoSO,, NH,OH % i L7~

IV TN TR 2 U7z
2.2 & B

T UFEERE  BA Vs VU Bk O-1-2 &
T, O jiti&E 400 ml/ min, FE 100V, O, j&E 1.59
CFR L7z

Ve = s THEE TS = — 5 — VLA % i
L7z.

* WA Sl & 10 A3 HARGHMEADICHE VTHEE WM 52 £2 5 22 HEH (Received Feb. 22, 1977)
kIR ek (BR) BB %677 (Research Laboratories, Kawasaki Steel Corp., 1 Kawasaki~cho Chiba 280)
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i A: Sample gas inlet tube

B:Oxygen or ozone storage bag (Tedler bag)
C:Oxygen or ozone receiving flask (100ml)

D : Sampling flask of sample gas ( 11 )

Ei~E4 i Three way cock

Fi~Fs : Two way cock

G ! Active carbon

H:Mantle heater

1 :Vacuum manometer

J Vacuum pump

Fig. 1. Sampling apparatus of sample gas.

Table 1. Sample gas used in the experiment.

Sample gas * MO concentration (ppm)

No. 1 about 10
No. 2 about 30
No. 3 about 50

% NO balanced with N

SYeREESE - BRBVERTEL & TV € — A5 EERHU
V-200 B3 X8 50mm P vz A Lic.

Sl 4 A RBCEE - B LRIE D B X o TRV A
o> NOx %ER{L3 58T JIS ORIEERZ O 5
Wit O3 IL Lo TELBTE R X 5HELZDDT,
Fig. | 0 R LRRIREB 2/ L. tdk, KEEOH
VEDZERVE 5-1 W L7z.

3. & #}
FEriclx Table 1 2R L 3 EED BARRRHEON
OH A ZMER L7z

4. RRBEIUER

4-1 BERLE

4.1-1 ERHEERCRIETRERNE L NER

oo B2

3 5 UK 25 ml & Ah 75tk # 2RI 7 5 2
oz O, &% 135, 200, 400 ml :Z{bLX®THEAT
5. FODH, NOFAZEEKL, HR7 7 232 KK
WEEHSIEFF. 3min &S5 Lizdb, MERHZ
2, 3, 4, 5, 6, 17h 22L& TEMMEIC NO 2L
x5, BT, JIS fEic Lz >o T NOx Z#EEL,
NOx FREIET O, FingE & FHEHRFEO B R
DOEE LTI, ZOfERE Fig. 2 iRl
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Fig. 2. Effect of amounts of oxygen and standing
time on the determination of nitrogen
oxides.
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Fig. 3. Effect of concentration of oxygen and

shaking time on the determination of nit—
rogen oxides.

BIERE SN 525, O, % 400ml 3% & 4h j§
BT, (31 50 ppm EWERE DIz, 30 ppm Dk}
HATIE Op %282 T MERMIIC & 2BE NS
<, 10ppm DEEIH 2 TIE O % 200 ml DUF &3
5& 17h WELTH 7k VM EEZR L.

4-1.2 LEERIMERCRITTBRERE LIRE S

R oD B

& Bir U 25 ml 2 AN e 2 BRI 5 2
a2z O, &% 5~35 volg, LZ{LSETHEATS. N
OXAZRIRIL, RI7 I 22 EREE, LI
Ya—d—ERvCcike SEME 0.5 1.5, 2.5, 5h
LA TR NO 2WIREE5. DT, ik
HEE LT, NOx BEicIET O IRIE LR E SHH

— 114 —



BMRT =/ —A VAR VBECI 5N 2o REESEBILYOEE 299

DEE 2Tz, T okR% Fig. 3 iR L.

H AL O & 5 HEff2S NOx EEEIC kX <
T5TENRbrDk. EFRAECH LT EDS O, BE
DEEBREVIZE, RESHEBEVE Y ESEILE
HZ27R U7z, Op JREEDS 15 vol% diEAicix 5h, O,
IREEDS 30 vol% Dif&iix 2.5h L5 T2 LItk
D, R L2385 20 NOBE T WERE S,
4.2 FVUEgkE

4-2-1 BEFTARET 5 2a~0% VL SHEER

AT

NO ORbZRET B 72Dic YV o ShBEY BV 5
FECDOWTERZ{T D, 2054, 3UBH 2K
TIORARKX IV ERBREEITATSHEE, 0 Oy 3
HZEw/ x— & —@ Hg T LY 5 2 EREHSTHE RS
e/ X2—2—RMERATERLILDMDT, v/ 2A—%
~CADETIC O KT HLERDS. ZDDIT
AR 7 920t~ 2 — 4 —~OicdhRE (W 1g)
DIEMIRE TR Lo H 5 282 R L, Os 2WExH
THRETD LT L. FARIRHERII kKR X
DTIEERDOEWERHILT 5D RE5< 7200, ER L
BOREREZ B LU TR IR LIRET S 2 T L.
ZOXSITthE LR, # VA EFAC X Hg
PIHREND DR T LB TE 2.

4-2-2 ZBEBILMERCKIET AV U SHBERN

BEOPE

(1) ZBARET2OEE

B O CDEIRE25 ml 2 A i-akl 7 2 R 7 5 %
ATF VU EHBEELY 3, 5, 7, 8.5, 10 mlrZpx
TTCHEATS. NOTAZREKL, RE7 7 2 3% RK
WEPDIETT. Smin K& 5 UTERIKIZ NO R IRIR
S, TRRCEEL T, NOx SRS+ Y
GHBREBRMEOEE XTI £oER% Fig. 4 1T
Rl WTFhONORETLHBATZEW 11 s
IV EHRFER Tml D ETHS@bIng ok
DT,

(2) EFT2ADHE

ERBAR A ZTEA VU EHREEY 10 ml ©i3ig
BEENCEIL SN D T 2307, EHF A TIEEL
DOBILHET A DILTR O3 DHMBE L ENLDT, +
VUERABRRERI DO LETINT B LER DD LH 2
bihd. LDDIT, BEFHEI R onwTH v 668
FER % 70~400 ml »Z{px4T, NOx EHicRET
XV EBRBRNMEOYE 2 T TORER, 20
#HiFE Tk NOx OEREIZISIE—ETH D/, Lo
T, EHAGTEICCILLEEH T U EHBED
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Fig. 4. Effect ofamounts of ozone on the deter—
mination of nitrogen oxides.
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Fig. 5. Rate of decomposition of ozone.

g% 100 ml & 7.

4.2.3 F VDL RRE

B TENFAD NOx 24501 2881 1% Os Rk
ERLRAL ), IV UEARER Fig. 1 ©F R34,
TEHALTHLRAL PO WThrTH L. FIEOES
RV, BREOREIEA VU EERBEAE L
Db, FBHRE R 5 £ CICBMB»2 5 2 &%
AbND. XDRWIT, O OGFBREFANS dDE
B 107z Fig. 1oONy FBitA Vo 5HBELEHA
LTHL. W0min Zriz, ZhI0xV L 26RES
10 ml §°2 L DTRIIED 1T WO 7B H 2RI Y 5 =
TEATS. NOFREZERKL, BIEIE NOZIRIL
S¥5. PUF, FRic#RELT NOx 2547 L, Os 0
SRR, £okRE%Y Fig. 5 R L.
NOIRE 30ppm DA AT ONWTF D285 K
Iy ZAVTd 3h Tk 30ppm iR W EHE S
iz,
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4-3 BEBROFINBREOKRE
4-3-1 WINEDHEIC X HELE,
X % gy hriRsfiEl oo FEE

BFF JIS ciastpl v 2o NOx jREEAS 300ppm L)
TR, WRIRARZKE E 130 L CARRIES
F59, Zhic 3~4h ZETS. F 2T, RHEREY
VB T IR R B (25 ml 2> 5 10 ml) LCHZ
BL, tofDCEEEEFS o iRz (10
mm &P 50mm 2 V) ZHWT NOx PERTH
Z e L. FORKE, EEEF1.5h TRTL, 41
FRR 2 a5 C L8 TE, Ei, BEOSLIVTD
BRI e VRIT X 5 2150 bhvig 27,

4.3-2 WEORE HRBRNOZE

WEIORENR NOx ERECED X STEET 0L
FRBERE TR0k, BRBETEOTVWAHRERT
W Lo, — ST A REE THE LS
&, EECERSTET ABREE CHE LS ERET
ONT, FRNEFNEEERGE 2R, WwTFh oRed
JIS D &k & SEAICHE X Wiz A T iR L CRIEE
RL, WY T2l

¥ 7= JIS PeCIIZRREE L2 A% P D S iEk CIafF
L7=Db, 7k 1ml & HySO, 4 &I TKRIGEIE
W T Smin B L TWAER, ZOLEHEICD WT
FAgm, 2{HD € — BT LN ENIIBE 25 ml 2 L D,
Z i —SEBORERS & U EvEEIE & KOH &k (5.6
wt%) BImA TR R THRREE L, & PDS MK
2ml ZINZ TR L7, —Ficidzk 1ml & HpSO, 4
WL, Ve D E ERE LB L, DT, Rk
VR LT, FOBENER I L. T OfEF% Table 2
R Uiz, HoSO4 Wiz ErE LT IR 213589
ST, HSO. 4D RMID LI L.

5. % W A A

5.1 HEHZADOEE
Fig. 1 st H ZERE 7 5 2 2 DIz PRk 25 ml 2 A

FEWRIN 2 VR

Table 2. Effect of addition of sulfuric acid.

E Absorbance

Xp.

Addition of 4 drops

N No addition

°© of sulfuric acid *

1 0.127 0.128

2 0.128 0.128

3 0.128 0.128

4 0.127 0.128

*  JIS method

Table 3. Oxidizing agents and shaking time.

Sorts of oxidizing] Amounts of . .
agent oxidizing agent Shaking time
15 vol 9%* 5h
Oxygen 30 vol %% 2.5h
Oxygen conta-| g4 ) 3 min
ining ozone

* Oxygen % in gas sampling flash
NEBCROMNTS. TRy 7Bz Oy 7203
F U EHE AHAT S, o¥ic7 7 2aDERRV
7D OESMBER LS X ST v VT RBEL, HZ
Ligo7e7 7220 Oy £7203 VU BRBERE Ny
FBXOEBIRNT 5. a2v 2 Ey 27 7AaDHpHEZE
LB XS LieDb, WP HET 2ETY 723
NERFEICT 5. 2y Fy 2BAC, a9 2 Fy Z B
75 2aDi O, £713% V & hEES Table 3
Lo THEATSD. 20LX0RE752aDRG
FEhzEIEL, FRc7 52 aFFEOEELET .
HRHART I 2 aDICIFIVE XS5 ay ZEEELT
IS5 2aNICHB AT AR RS 5. 3y 2 Es U,
BB ST 2aIDERYI L, Table 31z L7zp3>T
BEo5 LT, BIRICERB T A2 RIS E 5. >EIL,
75 RANDENZREL, RRFHCT 5 23 FBEOIRE
LilET 5.
5.2 EEIRE

SR 2 & IR S 2B HE 2> 5 10 ml %2 100 ml &
— BT 5. chic KOH %k (5.6wt%) 1.6 ml
BRI LA0L, Wi LTkl d 5. EEPDS
EWE 2 ml iz CRbYS T 3 min N L CIRIER VA
SE B WHIEK 10 ml 2hnx, HEx 27523 100
ml Z¥EWigd. NHOH 15 ml 1%, EIC/KTIER
FTHFTD5. 50mm wAFE, KE 410mm Tk
FAROLEAEIE L, MEfEsDs NOx & (ml) &3k
D5
5-3 5t &

WRE AW A A ho NOx RE (ppm) ZHH
T 5.

273 Pf—-Pnf Po—‘P7w>
SV (TS ZeTTmo )y 994,
Ve=Vax 760(273+¢f 97311, ) 224004
1062V
C(ppm) = —
S

: BORHA A BRI (ml)
Ve: 3B 5 2 a0 g (ml)
Gk 7 5 2 a7 B s SRR 2 HIE L

o RMEHIE LTH L AEBE RN SAIR O Wk 3 Hg Ok
BRHIET B 12 DB R R EED T84 SR RMHEAIT B
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72 D)

Pr: B 22 R L, MEHORE 7 522
NoES) (mmHg)

P,: Oy ¥7034 VU EHBHEEZEA LR
=HP7 52 aNOES (mmHg)

Pus:ty °Cesid HBfAKSE (mmHg)

Py, : by °C it BT D EFI/KERIIE (mmHg)

tr: Py PIE LR E E0ME (°C)

to: Py PIE LI & ZDIRE (°Q)

a : ZFRbEEE (mol)

C : NOx jRE (ppm)

n 2 o3BT AUBHA TR O IR 5L

v : BB 53k NOx &= (ml)

6. HREROVEM

FRHEVE WA AT 5 AEFIR L7 (1 ml v 0.002 ml
N O,) 0~8ml ZEMIcE—Hice D, 5.2 ER
Rl Lz o TR L, Bohn-2fA)K%E S0mm w2
% AT IR 410nm (2 R1) AR 2 IE U CHER
YRR L7 BEio—fl% Fig. 6 R L.

7. REBRHADIN

7-1 GFEE :
FEEBRHDONO B X & WTHRE Lo A i & DR
O SHHEE 2ok ofi R4 Table 4 iRl ZOD
R, NEOGWBERREFTH O,
7.2 FiEdL JIS FEOLHK
EBRHAONOH2EAE L JIS ¥ (PDS #:, (b5
FIE) THHIF L7ogE A Table 5 iR L7z, ZTOHER,
JIS @ PDS (ETRRERE LD, i EHEER LK.
AETIE Op B, Os b & diT/bERIIEL X< —
HL, METRELDTH DOk

Wave length : 410nm

~ Cell ¢ 50mm
-
fo)
S
Joooay
(]
Q
=
o
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< 0t

° 0005 001 0005

Amounts of NOx ( NO. mt)

Fig. 6. CQCalibration curve for nitrogen oxides.

8. EHRODWH
HeLLIE O RS HEN 2 3 X OSSR EEEROHEN 2
AR & JIS B ({LEEFOEER X OURIMRBIREE) Car
ﬁf[/?:<k C-zh é%j?%£<£ %<l < _‘iiL/9 Eiﬁ?jfﬁbﬁ)f:-

9. &E =

Hf7 JIS @ PDS iEIIERM AR (NO+N,) Dor#f
CERWTHE, 2V IREER R LS, EAZADOHETX
O, 3 1~15% S4FENTW5B EHBZLNL D, RiED
BV EFFENE, FRIMEBIRERIC X B ECESL D
LEZBNS.

O, BboHE iy, AT ARBOMERM XD

Table 4. Analytical precision.*

Sample gas NOx found % - oy
(ppm)
10.9 10.3
9.9 10.0
No. 1 9.9 10.1 10.07 0.126 1.26
10.0 10.2
10.0 10.1
51.6 51.6
51.8 51.9
No. 3 51.6 51.2 51.67 0.293 0.57
51.2 51.2
51.9 51.7

Symboles X :average, o :standard deviation,
C.V : coefficient of variation (%)
* Improved phenol disulfonic acid method
(Oxidation method by ozone)

Table 5. Comparison of this method with JIS

method.
NOx found (ppm)
Sample This method * JIS methods
Oxidation | Oxidation Chemilumi-
gas method by | method by PDS method| nescent
oxygen ozone method **
No.1 9.6 (1) 10.1 3.9 9.7
10.2 (2) 10.2
28.9 (1) 30.7
No.2 5.1 30.1
30.6
No.3 | 06 (D 51.2 15.3 51.6
51.3 (2) 51.9

* Improved phenol disulfonic acid method
Analytical condition: (1) oxygen concentration 30vol %,
shaking 2.5h, (2) oxygen concentration 15vol %, shaking 5h
**  Analytical values by NOx meter
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DIRESKEMNERMBICASCHETS. ChIXEL S
THZEED, B RE Oy LORERREEINS

L LB H R ERIBWE & OBEMEREAAE D, RN
NI U BedEEL BN S, O, BENRE VT
Es IR E SEMREVIZ EERBENE < 7 5 s
BV, FMEREZLHZETEDT, 1FFE T NNEIITEN
EE2ELZERTESLR, O LB LB G0R
REEE 2T, Zhl holihifitbairoi.

O; BRitoBaiwciy, P RHmD NO 28 O; ick
DTISERECERLIN, O OHfFL Ny ZZ2Hn
X 3h FTCRETHD ZELLBRETCLTHERT
EBLEZBND.

10. %5

BT JIS @ PDS phiz o WCIRIEE NOx Otk
JEDE k¥ XOSHTER oEiEE B s Lchasg
f7le2izb 2%, BYTJIS ORI 7 5 2 a%tE L, B
ELHES LOCBER E2SWET 5 & & 0 X2 CIKIRE
NOx ZIERE»DHGRIZER TS & LA HREL D7
ST ER RV IRFT JIS L i L© O, EfbpsTiy 1/
5, Oy BALIEETHY 1/7 WiEHET & /2. SWRED BIF
T, REFHSBECTEHRNTE .

'8 [

1) JIS K 0104 (1974)
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