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Ozone concentration monitor{%F!]Hozone
TE8RIMEI253.7 nE RS2 SR PR, »
HER 2 ¥ 1E £3% unbuffered Kl
analysis techniquedi [l A o i3 LE3% SR
PGB SR+ B > BLLARLEE
—FHH

—fi%I S - SRR E R DU MR AR

Nm¥/hrekNm¥/min %7 » EHINE NTP th
EllNormal temperature and pressure. f&i
(EMREE0°C or 273°K 5 I 1latm,
1013mb or101.3KPa) > ZHiIHIH Liscfm
(standard cubic feet per minute) #oT5 » 1%
1£68°F (ie. 20°C) 214.696psi (ie. latm)
Bl N FmAlE

AL FERAZ A48 L ER BRI (% weight and mg/L )

RiET = ozone 48 g/mole
argon 39.95 g/mole
oxygen 32 g/mole
nitrogen 28 g/mole
molar volume 0.08205  L/mole/°K
Conditions ( 1atm, 0 or 20°C)
feed gas makeup
oxygen 20.94% vol. 20.94% vol 95.00% vol. 95.00% vol
nitrogen 78.12% vol. 78.12% vol 1.00% vol. 1.00% vol.
argon 0.94% val. 0.94% voal. 4.00% vol. 4.00% vol.
feed gas mw 28.95 g/mole 28.95 g/mole 32.28g/mole  32.28 g/mole
standard temp. 0°C 20°C 0°C 20°C
molar volume 22.41 L/mole 24.05 L/mole 2241 L/mole  24.05L/mole
feed gas density 1.292 g/L 1.204 g/L 1.440 g/L 1.342 g/L
Os conc. |Os conc. Unit  |Os conc. Unit |Osconc. Unit  |Osconc. Unit
(% wt) | wt/vol conv. wt/vol conv. wt/vol conv. wt/vol conv.
(mg/L) mg/L/%wt |(mg/L) mg/L/%wt|(mg/L) mg/L/%wt |(mg/L) mg/L/%wt
0.5% 6.47 12.94 6.03 12.06 (.21 14.42 6.72 13.44
1.0% 12.96 12.96 12.07 12.07 14.45 14.45 13.47 13.47
1.5% 19.47 12.98 18.14 12.09 21.72 14.48 20.24 13.49
2.0% 25.99 13.00 24.22 12.11 29.00 14.50 27.03 13.52
2.5% 32.54 13.02 30.32 12.13 36.32 14.53 33.84 13.54
3.0% 39.11 13.04 36.44 12.15 43.65 14.55 40.68 13.56
3.5% 45.70 13.06 42.58 12.17 51.02 14.58 47.54 13.58
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4.0% 52.30 13.08 48.74 12.19 58.40 14.60 54.42 13.61
4.5% 58.93 13.10 54.91 12.20 65.82 14.63 61.33 13.63
5.0% 65.58 13.12 61.11 12.22 73.25 14.65 68.26 13.65
5.5% 72.25 13.14 67.32 12.24 80.72 14.68 75.21 13.67
6.0% 78.94 13.16 73.56 12.26 88.21 14.70 82.19 13.70
6.5% 85.65 13.18 79.81 12.28 95.72 14.73 89.19 13.72
7.0% 92.38 13.20 86.08 1230 | 10326  14.75 96.22 13.75
7.5% 99.13 13.22 92.37 1232 | 110.83 14.78 | 103.27 13.77
80% | 10590 1324 98.68 12.34 | 11842 14.80 | 110.34 13.79
85% | 112.69 13.26 | 105.01 1235 | 126.04 1483 | 117.44 13.82
9.0% | 11951 13.28 | 111.36 1237 | 133.68 1485 | 124.57 13.84
95% | 12634 1330 | 117.73 1239 | 14136 1488 | 131.72 13.87
10.0% | 133.20 13.32 | 124.12 1241 | 14905 1491 | 138.89 13.89

% wt : percent by weight.

F1R1EO0C (or 20°C) K1 atmZ NTP (or STP) &t F » Ll%wtflimg/L < RHAER

R 2 > 45 L)L3% weEs I EEER -

3 g ozone g
3.0% wt = PV = nRT =——RT
100 g ozone product gas M
3 g ozone g PM
= d= — =
97 g feed gas+3 g ozone \ RT
3 gozone 1X28.95
= dair= ——— =1.2924g/L
979/1.2924 g/L+3g/2.1429 g/L 0.082X 273
1X48
=0.03923g/L dozone= ——— =2.1429g/L
0.082X 273

=39.23 mg/L
—{nE AR R S SR R 2 SRR 2F R » WA ERIR
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&2, AR A0 IR LT AR S AEATIREH R

Standard pressure :  1atm or 14.696psi or 101.3kPagram molecular wt. of air: 29g/mole
Standard temperature: 20°Cor 68°F or 293°K gram molecular wt. of oxygen: 32g/mole
Molar Volume: 0.08205 L/mole/°K gram molecular wt. of ozone:  48g/mole
wt. O°¥/gas | Percent weight PPM weight % by vol. ppm by
g/m? % wt.ar | % wt. O, ppm air ppm O, volume
2 0.17 0.15 1658 1503 0.10 1002
4 0.33 0.30 3313 3004 0.20 2004
6 0.50 0.45 4967 4503 0.30 3007
8 0.66 0.60 6618 6001 0.40 4009
10 0.83 0.75 8267 7498 0.50 5011
12 0.99 0.90 9914 8993 0.60 6013
14 1.16 1.05 11559 10486 0.70 7015
16 1.32 1.20 13201 11978 0.80 8018
18 1.48 1.35 14842 13469 0.90 9020
20 1.65 150 16480 14958 1.00 10022
22 181 1.64 18116 16446 1.10 11024
24 1.98 1.79 19750 17932 1.20 12026
26 2.14 1.94 21382 19417 1.30 13029
28 2.30 2.09 23012 20900 1.40 14031
30 2.46 2.24 24640 22381 1.50 15033
32 2.63 2.39 26265 23862 1.60 16035
34 2.79 2.53 27889 25340 1.70 17038
36 2.95 2.68 29510 26818 1.80 18040
38 3.11 2.83 31129 28294 1.90 19042
40 3.27 2.98 32746 29768 2.00 20044
42 3.44 3.12 34362 31241 2.10 21046
44 3.60 3.27 35974 32712 2.20 22049
46 3.76 3.42 37585 34182 2.31 23051
48 3.92 3.57 39194 35651 241 24053
50 4.08 3.71 40801 37118 2.51 25055




HAOKG ST LEH D 21

2% 112.30 % wt ozone air ¥ > 25 IR R E— iR

2.30 g ozone
2.30% wt =

100 g ozone product gas

2.30 g ozone
o977 g feed gas+ 2.3 g ozone

3 gozone

 97.79/1.206 g/L +2.3g/1.996 g/L

=0.02799g/L

=27.99 mg/L
=27.99 g/m?
so  28gozone/ m* =2.30% by wt. air

and similarly =2.09% by wt. Oz

2.30 g ozone

2.30% wt =
100 g ozone product gas

2.30 g ozone
977 g feed gas+2.3 g ozone

2.3 g ozone/1.996g/L

 97.7g9/1.204 g/L +2.3g/1.996 g/L

=0.01403 L/L
=1.403 % by volume

g
PV = nRT =——RT
M
g PM
d - — [
RT
_ 1X29
dair= ——— =1.2064g/L
0.082X293
1X48
dozone= —— =1.9960/L
0.082X 293

=23000 ppm by wt. air
=20900 ppm by wt Oz

=14000 ppm by volume
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HHZ1 ~ 25 AR R B R n a5 #EE X
temperature=20"C

air feed gas Os conc mg/L=% wtX12.1

oxygen feed gas Os conc mg/L =% wt X 13.6
temperature= 0°C

air feed gas Osconcmg/L  (or g/m?) =% wtX13.0

oxygen feed gas Osconcmg/L  (or g/m?) =% wtX14.6

REREEMNER

A [A]approach/; 2\ G H O, gas concentration ( Llozone generator output ozone air 0.76%
by wt, 1atm, 20°C £ 4 )

0.76 g ozone

(A) 0.76% O.=

, —0.009178 g/L =9.178 mg/L
99.24g/1.204g/L +0.76¢/1.996g/L

(B) suppose the density of 0.76% low content ozonegas is approximately the same of air
density:
then 0.76% gas O, have 1.204g/L X0.76% —0.009150g/L =9.150mg O,/L

(C) ozone gas density =1.204g/L X 99.24%+ 1.996g/L X 0.76% = 1.2100g/L
0.76% O, air contains 1.2100g/L X 0.76% =0.009196 g/L =9.196mg O,/L
IR L MR S ozone air Z %51 » HANZE R AL HERIR -

{BE% ol R A SR S I = 5 4.0L /min » B K5 & 5200 /min > LL (A) (B)
(C) approach 77 2 RIGHFE A KA EA REBE 7RI
(A) .
9.178mg/L X 4.0L/min

Os conc in water = = 1.84 mg/L
20L/min
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(B) .
9.150mg/L X 4.0L/minn

O, conc in water = : = 1.83mg/L
20L/min
(C) _
9.196mg/L X 4.0L/min
O, conc in water = : = 1.84 mg/L
20L/min
(D) REEIRAIIIRELAT B BHRE (JREI#E R dew point) » AR 21H5 K
1E air density :
P—0.3783e
dt=DtX ——
760

dt=the density of the moist air (of specific dew point) at the temperature t
Dt=the density of dry air at the temperature t = 20°C
P =barometric pressure mmHg e=vapor pressure
{RR#%feed gas dew point -50°C » & BE780mmHg » HI|HAF20°C .2 2258 3 15
780—0.3783X0.029

dt=1.2047 X =1.2364 g/L
760

_ 1.2364g/L X 4.0L/minX0.76%
O, conc in water = - =0.00188g/L =1.88mg/L
20L/min

R 1 atm > RNEEE T Z dry air density ~ 21~ [Fdew point Zvapor pressureflll 3%
3&4 ~ 57K

&3, £760mmHgT » & 7% Fl & & Z density of dry air g/L

.0 5 9
-50 15 826 189 491
-40 15 147 479 756
-30 14 524 829 083
-20 13 951 232 465
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-10 13 420 680 896

0 1.2 929 697 517

10 12 472 256 088

20 1.2 047 845 688

30 11 649 460 314

40 11 277 100 962

50 1.0 928 762 632

60 1.0 600 444 322

&4, £760mmHgT » & % Fl& & Z density of dry air g/L
temp C density | temp C density | temp C density | temp C density
0 1.2931 10 1.2472 20 1.2046 30 1.1647
1 1.2883 11 1.2428 21 1.2004 31 1.1609
2 1.2836 12 1.2385 22 1.1964 32 1.1570
3 1.2790 13 1.2341 23 1.1923 33 1.1533
4 1.2743 14 1.2298 24 1.1883 34 1.1495
5 1.2697 15 1.2255 25 1.1843 35 1.1458
6 1.2652 16 1.2213 26 1.1803 36 1.1420
7 1.2606 17 1.2170 27 1.1764 37 1.1383
8 1.2561 18 1.2129 28 1.1725 38 1.1347
9 1.2517 19 1.2087 29 1.1686 39 1.1310
&5, &7 Fli# F dew point T X Vapor Pressurefr 0.3783efa
dew point vap.epr es. 0.3783e | dew point vap.epres. 0.3783e | dew point vap.epra 0.3783e
°C mmHg °C mmHg °C mmHg

-50 0.029 0 4.58 1.73 30 31.86 12.05
-45 0.04 1 4,92 1.86 31 33.74 12.76
-40 0.096 2 5.29 2.00 32 35.70 1351
-35 0.169 3 5.68 2.15 33 37.78 14.29
-30 0.288 4 6.10 2.31 34 39.95 15.11
-25 0.480 5 6.54 247 35 42.23 15.98
-24 0.530 6 7.01 2.65 36 44.62 16.88
-23 0.585 7 7.51 2.84 37 47.13 17.83
-22 0.646 8 8.04 3.04 38 49.76 18.82
-21 0.712 9 8.61 3.26 39 52.51 19.86
-20 0.783 10 9.21 3.48 40 55.40 20.96
-19 0.862 11 9.85 3.73 41 58.42 22.10
-18 0.947 12 10.52 3.98 42 61.58 23.30
-17 1.041 13 11.24 4.25 43 64.89 24.55
-16 1.042 14 11.99 4.54 44 68.35 25.86
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15 1252 15 12.79 4.84 25 71.97 27.23
-14 1.373 16 13.64 5.16 46 75.75 28.66
-13 1.503 17 14.54 5.50 47 79.70 30.15
12 1.644 18 15.49 5.86 48 83.83 31.71
11 1.798 19 16.49 6.24 49 88.14 33.34
-10 1.964 20 17.55 6.64 50 926 35.03
-9 2144 21 18.66 7.06 51 97.3 36.81
-8 2.340 22 19.84 751 52 102.2 38.66
7 2,550 23 21.09 7.98 53 107.3 40.59
-6 2778 24 22.40 8.47 54 1127 42.63
5 3.025 25 23.78 9.00 55 1182 44.72
-4 3.201 26 25.24 955 56 124.0 46.91
-3 3578 27 26.77 10.13 57 130.0 49.18
-2 3.887 28 28.38 10.74 58 1363 51.56
1 4.220 29 30.08 11.38 59 14238 54.02
R HE AR BRI R A I
H ozone concentration t=20°C and p = 2.0 bar g (Pym = 1013 mbar)
_ L 55

monitor » 75 0] 22 HE B 5 E //

A B R R P B AR $RE R 5F // Gz ot

BHF b A B E RE ~ R A8 : / T |

4.5
W LG S 1 B : 4;//
r ! L 3l
0 — 5 B — ¢ //& o
L L \
SRS I & T H EE 4 ozone - / /\/

T

concentration Yewt (i R
ERABARE g/m? NTP J /
R IR T ) 1 LR 25

STABE I o % 5 AL B 2 /
S 2 0 0 / ///
SR WEAIRENS 15 7 =
SCMERRIER o BB HER I //9’ ,///
L 2 1 U8 5 5k 5 B 5/4/ S L

R/

L

Ozone Concentration ¢ [wt%]

T

L L

fax e

1R #HBRERA
B v 2 — PR R R S

0.5

0.1

0.2

‘/IH‘ s

0.3

0.4 0.5

0.6

0.7

1.3 B #% A Electrical Power Pe [kW]
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Manual H -z F 8 V) 25 Bil B S8 R P R SR e
TR LR R SRR HE R (F 2bar

MEAERFE20°C & o BLAEHE(G KB 2T
JERMREH L > WK Hozone
concentration monitor » %2 B A IR
FEREFE I R RE SR © MEEE (At BB L

TEE HTRTHE IR AR LB - DIGREE
o0zone concentration monitor i fi i {7 1] JiE
#t o

MEEREASH R ERGEIE EF
FAEI 24 188 ) B R AN SR 6P

k6. &R BALE P

Pa kPa MPa bar atmos Torr umHg psi
Pa 1 103 10° 10° 9.87x10° | 7.5x10® 7.5006 | 145x10*
kPa 1 10°® 0.01 9.87x103 7.5 7.5x10° 0.145
MPa 100 10° 1 10 9.8692 | 7.5x10° | 7.5x10° 145
bar 10° 100 0.1 1 0.98692 750 7.5x10° 14.50
atmos 101325 | 101.325 | 0.101325 | 1.01325 1 760 760002 | 14.6959
Torr 133.322 | 0.133322 | 1.33x10“ | 1.33x10° | 1.32x10°% 1 108
umHg 0.1332 | 1.33x10* | 1.33x107 | 1.32x10° | 1.32x10° 103 1 1.93x10°
psi 6895 6.895 6.9x10°% 0.068 0.068 51.715 51715 1
1 atmosphere =760mmHg 1 kg/m?> =0.00142 psi
=10332 kg/m? =0.1 gm/cm?
=1.0332 kg/cm? =9.80665 Pa
=14.696 ps
=1.0133 bars
1 Torr =0.001316 atm Torr isessentially identical to mmHg
=0.001333 bar psi is pounds per square inch
=1000 umHg umHg is often referred to as” micron”
=1 mmHg
1KPa =0.00987 atm Pais pasca : KPais kilopascal
=101.97 kg/m?

=0.145 ps
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Y
REFERELG AR R A & ERIE

(GEHTEL-2% wtlA ) » Elﬂﬁ'ﬁu {5
###1odometric Method ° H:JF FH 7% B 4A
PR S0 P R L SRR (% - RS A
At > P AR AR SR € L o

Os+2K1+H20 == 12+2KOH+02
303 +KI == KIOs+302
K103+5K1+3H2S04 == 3K 2S04+3|2+3H20
[2+2Na 2503 == Na 2&40s+2Nal
REIREMER ~ FHiE ~ B

T ~ AR RE - RI AR E I
A 28T T FEE  EIIE 8 R £ 24-
160mg/LIF » AENGHERL S £ 1% ©

==
K&

1. HERGH (drain bottle)
2. B (titration bottle)
3. ER#E (gasmeter)

AV

1. KIZKIE 2%

2. H2SO4 1IN

3. N&zS20s 0.1N: #fi#25 g NaeSe0s - 5H20
I 1L 7R EOK - P72 > F5LL0.IN
K2Cr2078{0.IN KH (103) AFE 2 (3
$4.19th edition Standard Methods 4500-Cl

HAKGHHHNEF B 27
B Idometric Method |, page 4-38) °
(Vfi#4.904 g MEIKK2Cr20745 G 4E
FEZ& Bk d > MR LIL - L5 0.1N
K2Cr2077K K » J7 15 8 B HE L« HY
250mL ELJE R ZESE IR+ 80mL H20+
ImL conc. H2SO4+10mL 0.1N K2Cr207+
1g K1 » 2] ZERIRIER - FFERTEZ67)
% > 5 LL0.IN NaxS:0sli & .2 * % A
70 1 HF#EEZE0.IN NaeS0s)
4. Starch indicatori® : fI/VEF#tiK 459

starch ( potato,arrowroot or soluble) 1

AR » B Ll K - A
1.25g salicylic acid » 2R EREERK
U ERERIT R Z

TR

1 AEET TR > 7 Fo kA € gasmeter
IKZRZE BARiKAL » ANS » s -

2. {E12%K I /K7 200mL A& E L » 42 I
gasmeterfZiC Bkaa 2 °

3. Ff:difZsample cock#R[BE & A —ikz b
HEROE (REKIZKHR)

4. FTTHEUERRD > R R R A 2 R AR
18 EOfE R (A DABR A N 22 5

5. B HAEIBE B O EEEER - HE R
B FRE -

6. 11 % /D 2L B S8 25 ol € e (H
gasmeter AJ A2 ) » BAFEERIBE » W%
HEE R PERBOm - BRF IR Y > oI 30 8%
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gasmeter [ FEH o

78 T EZE - il F 2R B A B
PR ©

8.1 A 10mL 1IN H2S0s% - Ll 0.1N
Na2S20s{i# 1€ £ i € MK 2w - ik
IFF A 2mL starchfa /R~ » FZERE £
IR IL o

S

Hi gasmeter i B2 5 f5 #8 18 (R AL AR
7K SRR J gasmeter FEER Z MRS ~ BRI
N ESEN . LEEFTEKERSI®E
760mmHg, 0°C iz 2@ T 2 A8 FE

RAWRE = (FCHERINRE IR ) X

(TR SN FEF S F)Xm
(BIEIR 22 5% A5 )

FEHER - BT - AR g
— I A E =R . AR
E2E -

RETRHPREEERH (B)

2. RASVEI « 2D 25HM200mL 7K £k e
A
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ETE

L AA X100

REBEMgO/L=——
f X bX 90

A A = absorbance difference between

sample and blank

f =042

b =path length of cell , cm
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