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EXPERIMENT AND CFD ANALYSIS OF OZONE — TERPENE
CHEMICAL REACTION IN 2D TEST ROOM

FHE—F"
Kazuhide ITO

Recently, theoretical analysis and investigations have begun to evaluate that some free radicals are generated by chemical reactions. The

free radicals and other products of reactions are often more irritating than their precursors. Especially, the products of ozone / terpene reac-

tions cause greater airway irritation in mice than would be predicted based on the known response of mice to ozone or terpenes. This paper

presents an analysis of chemically reactive pollutants in indoor air. We have used a computational fluid dynamics (CFD) technique to

simulate bimolecular reactions occurring indoors. Various chemical reaction models have been proposed. The fundamental model is used

Rate Constant. In this research, the Second Order Rate Constant model which is a simple model reproducing bimolecular Reaction is adopted.

In order to demonstrate the performance of the Second Order Rate Constant models of ozone and limonene, CFD simulations are carried out

for a 2D test room. The prediction results of CFD simulation were consistent with the experimental results.
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JEAEFEHE LD ERNFWEIRET A R A4 AEDHER, (FED
S EREIR OIREIZ B DB OB, S HITITBFIEEEOSIE L |
FEN P 2RI GRS DTBU O TR S EIRICHED ST
Do IO, BMNOHE SN DI FWERIZELTH I 70
Blth S, EWEWEBRSR S —oD G2zt 52 89,

FERNIHFET 2 FWEP KR E R KT R0 H 5
ZEIFEAMOBY Th DM GEEIT R Y BENERTIHFET DRED
{EFHE B EIUEFSOEEFE L EOR/RE LTEESN DS T
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ZOXRIBEROL & RBIE TIXENTOFEATREMED B S 1
TV % Ozone & Terpene 30 H1C Limonene (275 H L, EWNELFEE T
DL PEBIG:, KT TOALUSHIG, 78 b ONTREm LA BB
BAL T, 2ke/mEET V& AW TRENAAHIE 217 o T2 R 2 i
T 5, WITEBREMHEITIHET D Ozone & Terpene X Ji% D CFD(FHE
TRV 247 5 Z L C, BEmLAE €T V78 5 NS Ozone &
Terpene [l D Z 531G ET VO TR EORIEZAT 9, EHLRITIT
VN2 RGCZEMIN D ELRSS & 3t 4 & L AL RS # e & ONZ IR BE 43 A D
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WEGNTR < FRHT Z O RICB W TR Z AT 5,
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POHFRENDIFWERENLT L BTV, KF TOILFK
I K DA B AR IR DOFTER R SN TV D, FRICERNZTER
H1Z Ozone [0 ] FFIET DA 11, [ITICHEET 2 ABILAEME L O
LAY & OROGIC L W IEFICAFED Free Radical (FEHERL) 2 A2 ik
95 2 EDMERREIILTE Y, Weschler (2 K 4UiE, Ozone & Terpene ™
BRI LD RIS ERAT 5 SRS g 9, Eio, #5H
T RT— N 7 & AWz B R IZ T Ozone & Terpene JHD i %l
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I%. Weschler H23VE RET VARG & LI EUBERATRE R & e L C
BY ., FCRKAREEZ LSS HBE OIS RE LR FERM L T D Y,
CFD % ~X— A & L7 f##HrCliX, Sorensen 512 & 5 3 IRITHFAT O FHHI N
WEINTND Y, LoLARS, #UEMTIZEMNT 2 RGET Vi

B ONT SRS BUE ERIE B R OPUSERT —# 2 — 2 L LTEY

B - JEE AN FAE T D ELTR (S T 2 RO S ICBE L TiE, +9

RIREEDMT O TR,

3. EEREXDETY VT

FENERPICB T 2P DOGTZFAAET 2 LHER S TRV | %
WALZ SR X B P A RIE & LTS D Free Radical B34 S 1
TWD A, 21D Free Radical DFFTEIIIEEFHR TH D Z L34 <
EMRR X OERN R TRNIE R X W82 Y, TWICHE R
Free Radical % W% (ZFFEBLT 5 2 L IXFHHE AN OB K& &, F222/]
A7 — LT Free Radical £ T HE T 5 Z L ITHEMNTIERV, £D
729, AT GWE TH 5 Ozone 72 & NT Terpene O i & &
DIREWRZ FHT 2LV IBENORIGET ) 72179,
3.1 Z4FRIiG& Rate Constant CK B RIEETY VY

Ozone & Terpene F D X)X, Bi-molecular Reaction (431 XIt) &
RpT LR TED, ZORSTEEEOr IS LD RIETH
D BAEREAT B CIE, ISR L AR E OBUTIE U TR O ST
R EfMm o & &en ¥,

bS5 LU DOET U > 71, Rate Constant(SI& i E %K)
CEDBUSET Y 7T >, ZEHOBHDRICET 5 8ME A
(RHFFETIE Ozone)DIEE % C(i,j.k) [ppm] EAET 5 & . RINHHE A
O FERIZORTREND Y, ABIETIXIRANS EF /LI LD
T ERTHEE L, 7oV 7S AR 2RI — " —
Ne(VET W o T B % 77T,

c, UG C
ai+*—/1: 0 [[Dl +i]'aiJ+Sl (1)
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ot Ox Ox o, ) Ox;

Z 2T D IS TIRHUR K mYs]. U iR /s & T, £, v,
IRIRENEE R R [mYs] % . o 1AL Schmidt 24[-1%. S 1% Source Term
ERY,

RIS A & & BIRISWE BAREIE Co(ijk) [ppm] & RGE, AHE
%EClX Terpene $5 H1C Limonene) 3 TE1ET 2 H A ITIXEWE B O
s H IR, EWE A B L OISWE Bk 5 4 F 6
FQR)ATRBEEND,

c, oU,C. C.
a&_k;z:i (DZ +V_t]a& +S2 (2)
ot Ox Ox o, ) Ox;
Sy =8, =—ky-Cy-C; ©)

Z Z T ky 1% Second Order Rate Constant ( — ¥ < it~ 3 J& & %)
[Uppm/sec] T 2D, B)RUZL Y ZHFRIGICEDWE A BLUW
B B ORERMANFEEEND, KM TIIHME A L LT, Ozone
. WHE B L LT Terpene AOLFEWE TdH 5 Limonene ZxI5 & L
THRMT 24T 5 Z & & L., Ozone & Limonene DG 1: 1 Th D &K
ELTND P,

I, UG X2 ERME ORERBEESAERME) % C, [ppm] &
T2 & ZOmEELHERANITGX, OSERYOREHZLRIT, 3)X
T/ L7z Ozone & Terpene DG EICKTT 2EENT A LD (5T

xilshs,
ac, aU,C, ac
P r :i D, +V—t — +S, “4)
ot Ox Ox o, ) Ox;
SP:kp'Ep:kb'El'EZ (%)

2L (@RNB L VG TRIIND C, I3 UBRITE A(C)B X
OWVE B(Co) 3 UG EAZ T E D TAR S LD EARE LT ARARR 72 e
HAERDEREZRIL TV D, ST G)REPHAERY
BOBH - LN EETE . W AC)% 5 NTWE B(C))D> 7
WEDHFTD C,DERERDZEEZRELTNDHDOT, EBLT
DRAEERDE L TR R DD TH D,

3.2 Rate Constant [Zf8Y 2B DB

Atkinson %1%, Teflon $¢> 160 [L] Chamber % AV /= FEEr 2175 Z &
T, %< @ Second Order Rate Constant ( . 538 E 0 % & L C
W5HE), Z DFEBRIT 2 DD Sub-chamber (ZEEAIFREE D Ozone 33 LY
Terpene $A% & A L7212, Sub-chamber fi DfH)(rod)% B v 44 L
Ozone 33 . O Terpene FHZ IRA ST, TOHRDORENEZET S
H DT, SUSERRMNE Cproa DRIER EXTR LT 2 HD TRV,

FRCENERHR TOFEN TR IND KIS TIE, 296 K 230)cH
17 % Ozone & Terpene ¥ Second Order Rate Constant D7 — # 231
STV D, RIFSETIL, Atkinson %12 X % Second Order Rate Constant
DMET — 2 ZEH L ENZERP TOERIE R b ONZIRES T
MzEAT o,

4. BEERE luxDETY VYT

e 5 IXMAERFZEIC TR T v L AR E(SUS304)R° A T A F il %F
T % Ozone 7 b ONCHRRBIET LAY ORASBLR, ILAEHRORE
LEDETY 7 @i LTR D 2R LTI W TRERNE XS
UL BRI LS WRETFIE S 2 Z L AR L T 5 Y, AWT
X, Ozone 72 5 NI Limonene % %52 & L CEER O LB 4 % 5
L LT, ZOMEBNORESAMOWE, BIEMEHT 21T DO THY |
Z DO IEME72 TN D T DI ITBREE H 1253 D LB BLRDET L% i
FIAT TN B D, A TIX, Ozone 72 & TN Limonene O [ {AEE i
kT Dk EHLGUE, B OCcliE Loy riEERm e -2 L
LImik&E 7 7 v 7 AR E#HAT 5,

AR O =< dfE (EEFm L v 203 [m] B /=fr@E, ZZTA
1O E BT TH Y Ozone DA 1=6.5x10° [m]FRE) > &
HRRENCELWE AC)DILET 7 v 7 A A, BERHR O Z < Pk
251 5 WHE A OREE Cl,_y/5 [ppm]. BAZEISH2E L7 Ozone
NEERE T T 2862y T20E, RATREND,
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Id Reaction Probability [y I & V. kA THRILEND,
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2T, IXEERE ICELE LISERE O 5 BAER R B ELY BRr)
oHE, r XERKRERICEEL W GREOERERT, Alb,

Reaction Probability y [-\lXFE AR T HHITEES 2 R ELFHE O
ERRBRERNETRTHOTHY . —HAIZ, WE L LT Ozone %



x5 &9 54 1213 Mass Accommodation Coefficient, i D34 A F%
oy ’i’ﬁ% L9 5 I5A 121X Sticking Coefficient & FEXILD Z & 3%
Vo E 7oy (vp) BRGEEWE Y T O THBEB L [m/s] TH Y |

KRSy 1EE R XV (8)TEF X 5 (Boltzman % & 1 IFEIEN 5),
1

8RT |2
<"T>:{W} ®)
Z 2T, RITRMAEESL[8.3145 J/mol/K], TIFAakHiEE K], mIXMJE
. MITXBALFEHE D TR TH D,

ﬁ T, ERKEICHE LSBT LOMBER A D BERKEE T
(HBE Ay O A DIRE T 7 v 7 2 J X, (O, Bl
RPOEERE2V3 [m] ETOT7 7 v 7 ARGFIEHIZ LY EE 556
(FD%&M L U CHERUE 2RIV CREERT (Wall Unit) y'<1 %), BEfik
EHRAICHT B A % Ol gy, ppm] & FHUIE, KATHRIAS
nod,

|y=Ay1 ©)

<

Dl
T ZC. Ay [ZEEERE(Wall Unit) y'<1 O e CRE S 7 BEf S —
A DERFIEREEZ ST,
AT, FE6)R B (O)R TR S 7= ki E T L& Ozone 72 &
ONZ Limonene (Zxt L Cilifl L, BEmILE 7 7 v 7 A2 HHT 5,

5. Flat-Plate Type Test Chamber [Z& % y BIET—4%

4535 & 13 Flat-Plate Type Test Chamber % VT4 FR oD it b4 2% 11 % %
4 & L 7= Reaction Probability [ y |OJIERER 2 HAE L5 10, Al
TIXEMAMIZ Ozone & %54 L L7z Reaction Probability % Mass Ac-
commodation Coefficient, Limonene % x}%: & L7 Reaction Probability
% Sticking Coefficient & M5 Z & &35,

AT OEAMEMENTIIE, F 112777 Ozone 72 ©H NI Limonene % %f
4 & L7 Reaction Probability [ y JMIEAE A5, F 1 IR HIER
FATAH 6 Hi CrRd™ 2 T IH SR O BEHE FE A & [6)— D FEb % FH T
WEEIToTbDTH D,

6. BER 2 RTEBEBROBE

ARBFZE TR 2 IRE DSBS 2 A — U 22 (%) 114, AT
—WRREEERN 13 AT — L TETFTALELDTH Y,
1500%[mm] X 3OOY[mm] X 1000 [mm] D ZEHERE & A7 D, HAITHN
B Y Hch—127e b 85, BB 2 octRRAfER s D & 9 &
FrENTEY, ¥y T iy FrNEFEFEO A7 v MR O &%
AN EHZ D, WH - PEA DXL IZIEEZ 17) 20 [mm] Td D, KFH.
PR OVEA MBERNIL A T > L A (SUS 304) THERR L. £ OMIy 7 =
kb, ZORANT, EEENICHE S, B 20+ 0.1 ['C]1—E
WIS 5, WK EGEIE 3.0 [m/s] (HRAUEIER 144 [El/h)FS L OV 2.0 [m/s]
(96 [El/h) D> 2 BEBEIZ 9~ 5 79, ALk 3 2 e ST, (LW
FrEXER L LIIEMERR T 4 V& Zilith . HEPA 7 L 2 & @il
SHD L TRPRMEDOREEZIT., Z0O%, RE-IWEZHI# L
TORRE TR NI RS2, F72 Ozone %D YALZEISIC X D
BTZF <, HIRSIINE & RSMEORECRRE FERE 1 1x 2L

MELTWND, EREMFER2ICELDTRT,

# 1 Reaction Probability [ y JHI|E

FER R

(1) Ozone % %15 & L 7= Mass Accommodation Coefficient Jill & & [ y ]

Building Material y[-]
Glass <1.1 X107
SUS 304 3.4 X10°
(2) Limonene % %4t & L7z Sticking Coefficient JIl FE & F[ y
Building Material y[-]
Glass 4.6%10°
SUS 304 2.1x10°
. | 1500mm ‘
supply opening exhaust opening
-1 /\u SUS304
— N
\‘7 ;Stourcc (Ozong) >
| pling probe
/_ —
=
\ / :
E
Z A Analyzer =

i

N -

y

1
5t

F2 PR

Line Source (Limonene) ‘ﬂ‘

o |

JEE 2 RITCA o — VAR 2L

Room Model Vol. 1500(x) x300(y) x1000(z) [mm]
Air Inlet Velocity U, = 2.0 [m/s] and 3.0 [m/s]
Air Change Rate 96 [h'] and 144 [h™]
Temperature 20£0.1[°C]
Relative Humidity 30 = 5[%]
—] ‘l“‘# — /‘,Ta — I ‘;::?
D DT T TS
I .
2 \ l\ .
R S Y 1m/s
N
LN - - - . /o
~ \S\\\ N~ -— -— ; - - - ’;2// /
ST DT E DT T
2 EREGE AR O RERE R (LDV)
K3 FERyr—2A—-H
J—2A IR JEGER Ozone d-Limonene
Case 1-2(e) 0.30 [ppm] -
Case 2-2(¢) U;,=2.0 [m/s] - 15.6 [pg/s]
Case 3-2(e) 0.30 [ppm] 15.6 [ug/s]
Case 1-3(e) 0.30 [ppm] -
Case 2-3(e) U;,=3.0 [m/s] - 15.6 [pg/s]
Case 3-3(e) 0.30[ppm] 15.6 [ug/s]
7% 4 Ozone T 51F

Ozone Analyzer

UV Photometric Analyzer
(SOZ-3300, Seki Electrons, 2 1= [l H# )

Meas. Range 0-9.999 [ppm]
Min. Range 0.001 [ppm]
Sample Flow 1.5 [L/min]
Average time 10 [min]




6.1 fhig

AREFHINOWNGIT LDV & H W CHIE U 72 73 BGHE /34 O
fih, BFELLFRFROT =2 NEHEINTBY . P "I CReM %
ﬂibf“é [ 2 LW R U, =3.0 m/s O35 0 -1 JE 45 A O

ERERZ AT, RIFMITIH > TR A, RFBEICIGA N 23R E L
Tb‘%ﬂliﬁfﬁﬁlfﬁxf“li\ PRI R FHE] D O RPEER A L TH
0. IR ATBICIEER & 128 & 0 2 KIBABIEIND, 72K
ﬁ@@aomunOmmmﬁ&~x:\wfﬁh%mRmmm@W
FED TR EHELS | MNGIRIEEMEUC 2D 2 & & ERIICHEE L T
b\éilz)o
6.2 HRILEMEB L UVRER

AREBR CTIIINK B RDOTFEYRZIEE L, WRH O S G35 RH
72512 Ozone #{R AT %, Ozone |LEHMIERESE M A Lizzmo
M7 i dE 204> F A Y (Ozone Generator) = AW CTEF HBAE I D, K
1ZERD A PR FEIE 0.300 ppm — E IS HIAE U 72 S CEBREIT O
EBWIF R N ALE T Ozone IR C,, 1X 5 — 7 > MREEITH L
2 %FREOEBIZNE>TNDZ L EMHELTWVD

F 72 IRIIC T A 4R D Limonene %ﬁi?ﬁ%"“%?‘é Limonene %
NR—=m—HEF AT, KIEEE 2m/s O 5 — A TREBRATEN
0.23ppm 725 & H —EEERESE D, WHEGE 3m/s D7 — A |
BWTH A flux OFA LT 5 (Fl, 5ERIRAREIX 0.15ppm & 72
%)=,

6.3 BT —2R

JRERRZANTTIRERT —AE2 K 3IRT, 2TCOERS
— ZZHVNT Ozone 72 & TN Limonene DI - LK. & TOILF:
FOG 72 5 QNI BEF ~DILE B LORER & U T ORI PN BE 534 %
EXHRET D,

Casel [THAIIKH O X VY Ozone @ﬁ’i’*ﬁ?%}#’@fﬁérlﬁﬁ Licor—2A,
Case2 IFIRENLE L Y Limonene DA% —E&HHAE L 7=/ — & Case3
IZ Casel & Case2 D 4efth % [FIEIC 06 L. 5" T Ozone & Limonene
B IR r—AThb, £z, FFEBR—ADIRZF[ 21IF%
HUEGE 2.0 m/s D54 % IR 2 7 -3NEWRHEGE 3.0 m/s D6 %R~ T,
FLERAFEIFERT —ATHDLZ L ETT,

ETOr— A THBMZHERT 2 ER LI Tt T 5,
649> Ty T B URE

RN O Ozone J 1%, AAINIZHR A L 7= SUS 304 #o> -
Y7V F a—T %N LT Ozone JEE/HTEEE (UV Photometric
Vo3BT %, Ozone EEIXEHIFOD 10 43 [E DR F-%)
fE& LTARL TS, Ozone DMt % 412777, Ozone 7
X2 BRRIHCY 7Y 7352 8T, 1 [ppb]L > Y OREE & {RFE
LT3, [AIERIC, BN O Limonene 1L, BRPNICHRA
L7=SUS 304 #H o7V v 7 F a—T7 %4 LT, Carbotrap 349 T
T&%ﬁ%amwmm®E#@AmL&yfuyﬁn,mﬂm%
D% GCMS I THIEATH EI, o7 U v 747 5N GCMS

IONTGRIEE R SICE LD TRT,

BRIAN O ERE S Z K 31177, RHAMEZ LN
BEED, 17 —A470 11 ROREREZIT D,

]:__

Analyzer)|Z &

IA AL

#5 GC/MS STt

GC HP6890
TNEIAS 2L Gestel TDS (Thermal Desorption System)
Pre-Purge He |2 & % Pre Purge (5min)
TIN5 1R 20°C(5min)—60°C/min—280°C (2min)
CIS 15 +5%C(0.01min)—12°C/sec—300°C(3min)
VIRTANN HP5 (60m X 0.25mm X 1 u m)
F—T7 R 40°C(3min)—10°C/min—220°C(10min)
Split Ratio 100: 1
HeHi#s (MS) HP5973MSD
Supply Inlet Exhaust Outlet
—® Sourcel[Ozone] 3 °— |2
(=)
4 |
(=)
&
1 2 .5 . 8 .9 B
(=)
&
66 o
o/ Source2[Limonene]| | Q
Q &
[ | | | [
30 345 375 375 345 30 [mm]
X3 AERINIRERIE S 7Y v TR
Supply Inlet Exhaust Outlet
%— Sourcel[Ozone] —
o |U,=3.0and 2.0m/s Js
Bi-Molecular reaction k,
J J’
Surface Deposition Js s b
IZ(W) Js
Source2[Limonene
X(u) L U
|
75L, 18.75L,

4 SRMESRAT R G 22 R 2

* 6

FHFL7e © QNS S

Turbulence Model

Low Re Type k-g& model
(MKC model, 2-Dimensional Cal.)

Mesh 220 (x) x 110(z)
Scheme Convection Term: QUICK
U;,=3.0 [n/s] and 2.0 [m/s]
kin=3/2% (Upx0.015) ,
Inflow Boundary W
&n=C, xki* /1, C,,=0.09,
l;,=L, (Slot Width: 0.02) x1/7
U, = free slip
Outflow Boundary
kou= free slip, g, = free slip
Velocity; No-slip,
k|wa// > O slip, g‘uu“ = 2‘/(6‘E/6y)2
Wall Treatment yIIFE 122

<vp>=213.4 [nv/s] (Limonene)
<vp>=360.0 [m/s] (Ozone)




KT BAESEAT o — R 72 5 ONTHER QIR (Cor) s ZEIIIRSE (Cave) s BREEIE O BUEMEHTHE R
T=2R R HH EGE Ozone Limonene Cuve [ppm] C.. [ppm] Removal Ratio [%]
_ B ) Ventilation 1 100.0 [L]
Case b-2(a) . ¢i=15.64 [ng/s] [0] 0] Wall Dep. 0.0[L]
r=0 0326[L] 0231[L] Chem. React 0.0[L]
_ Ventilation 1 96.3[0]
Case 1-2(a) =030 [;??m] - 0.288 (0] 0.289 [0] Wall Dep. 3.7[0]
y=3.4x107[-] -[L] -[L] Chem. React 0.0 [0]
_ Ventilation : 762 [L]
_ =15.64 [ug/s] -[O] -[0] .
Case 2-2(a U,=2.0 [ms] - qa a Wall Dep. . 23.8[L]
@ 7=2.1%10° [] 0.254[L] 0.176 [L] Chem. Rpeact . 00
C;,=0.30 [ppm] q:=15.64 [ug/s] Ventilation 1 92.6[0]
y=3.4X10°[] | y=2.1x10°[] 0.271 [0] 0.278 [0] WallD : 7;-3 [I(S]
Case 3-2(a) 0.238 [L] 0.165 [L] al bep. Cone %L]]
k;=5.1X 107 [1/ppm/sec] 0.018[P] 0.012[P] Chem. React : 4:0 [O]
4.0[L]
_ Ventilation 1 100.0 [L]
Case b-3(a) qi=15.64 [ng/s] -[0] - [0] Wall Dep. 0.0[L]
y=0 0.217[L] 0.154[L] g 00[L]
o Ventilation : 97.7[0]
Case 1-3(a) €=0.30 [ppm] - 0.292[0] 0.293[0] Wall Dep. 2.3[0]
r=34X107[] -[L] -[L] Chem. React 0.0 [0]
_ ) B Ventilation 81.8 [L]
Case 2-3(a) U,=3.0 [mls] } qi=15.64 [ng/s] 0] O] Wall Dep. 182[L]
y=2.1%10°[] 0.180 [L ] 0.126 [L] Chem. React - 0.0[L]
C»=0.30 [ppm] | ¢,=15.64 [ng/s] Ventilation  : 95.7 [O]
7=34X10°[-] | y=2.1%10°[-] 0.283 [O] 0.287[0] Wall D : 7;-2 [16 ]
Case 3-3(a) 0.172[L] 0.120[L] allDep. o 2 %L]]
k=5.1X 10" [1/ppm/sec] 0.009 [P] 0.006 [P ] Chem. React - 2.0 (O]
2.0[L]

[O] : Ozone, [L]: Limonene, [P] : Hypothetical Products, [Wall Dep.] : Wall Surface Deposition, [Chem. React] : Chemical Reaction

7. BUEMRITHE

JE BRI 72 & N E D HEES O 2 IRoTPEDS etk
SNTWDT2D, BUBEMAT S 2 KICICTIT 5 o VT TRZZ M O3 %
4R T, WA e Y MEZRERE S (LA20mm) & L2, ()
X (2)=75Ly X 50L, (=1500mm X 1000mm) 2 IR TR & 72 5, B
1% Re B k- ¢ model (MKC model)(Z L 0 EH b+ 2%, FHHEB IO
fEMT S lh 2 6 ICE LD TR,

FEMTIZFEBR L RIS L 35720, W OALEIC Ozone DI Z |
PRI E (Z Limonene D¥E AR AR E T 5, F72BEMIE Ozone 72 T
|2 Limonene Dt L IRET 5, EiRlL—EELIKET 5, Second
Order Rate Constant (k)¥3 & OB W 25 DA HEIZ X V0 5% E L 72 fifthr
—RA%RTICE L O TRT, Case bILIKHE A HFEA L 72 Limonene &
Kt L. ()R TR LIBEm LS T T N2 AT L L D% (Free
Slip §&{4) TIEMT 21T 5 77— A Toh %, Casel 75 Case3 L3 3 TR L
TeFEET — R EXNET DT 7 — A TH Y | IRZTF(@)ITIAEMENT 7
—ATHDHZEERLTND,

Ozone 72 & WM Limonene @ SUS304 {Z %4~ % Reaction Probability (y)
133 1 OFEBRT — 2 2@MAT %, £72 Ozone 72 H NI Limonene
Second Order Rate Constant (¥R St~ i FE T 45%) 1 Atkinson & DOIE T
— & (ky=2.1 X 10" [em’molecules'sec”]= 5.1 X107 [1/ppm/sec], 23°C)%
WU A AT D O E,

8. HMAERER

KHEBR 7 — A D Ozone 72 B NI Limonene 0D J& FE R PN I B 4547 1]
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