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ABSTRACT. The partition coefficients of odorizing sulfur compounds such as ethanethiol, dimethyl sulfide, 2-methyl
propane-2-thiol and methyl ethyl sulfide in liquid propane, dimethyl ether and n-butane mixture, were studied. The partition
coefficients of the sulfur compounds are determined by the multiple linear regression by using SPSS(Statistical Package for
Social Science). The descripters effecting on the partition coefficients (PC) are the compositions (Mol%) of dimethyl ether
in liquefied mixed gas, vapor pressure (Vap) of liquid mixed gas, dipole moment (D) of the sulfur compounds, and the boil-
ing point (bp(K)) of the sulfur compounds. Predicted equation of partition coefficient for sulfur compounds using SPSS pro-
gram is as follows; PC = -6.66x10*Mol% - 0.223 Vap - 0.137 D - 5.91x107 bp (K) + 2.491 (N=28, R.4*= 0.773, F=19.50).
The important descripters are the boiling point of sulfur compounds, and the vapor pressure of the liquid mixed gas. The
partition coefficients have decreasing propensity as the individual descripters increase. The partition coefficients of sulfur
compounds in liquified petroleum gas are linearly dependent on the vapor pressures of liquid gas, while those in liquid gas
containing dimethyl ether are linearly dependent on the vapor pressures and the contents of dimethyl ether in liquefied gas.
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who] A8k Aol S| e ez o7 ke
S WA LA Sl A, ThEto] Eo] E, o
v e el 2 5ol At ol2lgh HA el =] Fell
oo ol §] 2 (dimethyl ether, DME)Y:= ol 314 {712~
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FEHUTE 02 T FEEs HAATIA o
3L ZEFA|ZEe] el ? 7] Lol kS 719 wA|A]
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1S 47 AR ek oA A 24& 3718t
= el a3
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Table 1. Detection threshold and LEL of compounds

Compounds Detection L0\.ver. explosion
threshold limit(LEL)

propane 0.270% 2.10%
n-butane 0.020% 1.86%
dimethyl ether 0.33 ppm 3.40%
ethanethiol 0.30 ppb -

ethyl methyl sulfide 2.5 ppb -
2-methyl propane-2-thiol ~ 0.10 ppb -

3 Q1 Abe] vl A WA E = S gl Bl
=R AoHe HAAATES] oF 108 ke
2 o4=A ek’ Ay B4 FHadAwEs) #
Hehks Aol F7]qke] zhew ofshrie] H b
she] ARg-E o gl A 3prliel A ok H A o] AL
27Fs A E Bdslr] $1ste] Had gh-87]u 9
N3ria Fo| GFHAEAL] Fxo AL T2
oA B FE v TF3le]of gt o] 23 v
&8 Full A 4> (partition coefficient, PC)2} 3k},

FiRtEe] BulA g = 71412 e s/
Ao e v (M

Qa0 2 o Bprhae] Lx7h FAbe AV B
Z715ke] FolAwl HAYE LALE 715
E4E AU glom. Tegp e R 24Y
9 SPf7hel A R B kel gl
DMEZ} £99 LPGE A58, /M 802 2443
AL Bula] SsiME DMEZF £33 37}l
A SELE oA e B AT A7) De
sk elstel B AW Bate] shae] )6l 4
F2 v1A 4 e 4 AYAAE BT FIYE 2
WAt 2k Alm Q1 Abel o] A5 S ATF-ehede.

ol

HHoIxte| ZAH

chil A 3xp7-xe) 7| A te] AsagE A7
QSAR(quantitative structure activity relationship)*'*¢}
TR Bhskah=e] FulAl el 33 vl 4= gl
E 2AaAEEJIAHE A HeATE dS5F 5 9l
B o] BAE A A A ZE SEigEe] BAs
9 HaqA%E dze] vhe FEaet, BuE
oA ol L F 5 ol Lol b 2
AZAA ] F2HEQ] At W {ASE, bt

&2~(Van der Waals) §-3], 3413, 844, e84
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Table 2. Physical meaning for descripters

Descripters Physical meaning
Mol% mol % of dimethyl ether in liquid mixed gas
Vap Vapor pressure of liquid mixed gas (unit : Mpa)
D Molecular dipole moment of sulfur compounds
bp(K) Boiling point of sulfur compound (unit : absolute temperature)

2 52 71EkeE Rl A=t Ak, EAPY
SARWE Fo7 = A7|H Ayl 1=
3 71el 23k A Fol ook 4 ArlAt
Al o™ kS FEAF &7] ke A
EThzol A ekat S3gkEe] A A A
L2 FAF oo} it} F3FHE2] FullA el Ik
= " F 3l AERIARE Table 200 HAE vk}
o] A E3PrkaFe] dv e E| 2.2] & %(Mol%),

Table 3. Partition coeflicient and descripters

o 3}3317)40] F713%(Vap), H3R3HES] A=A}
W ED) ¥ 335E2] =3 bpK))el sl

Zpzt v elal g 2 Aol M 2 AgA =
CRC =L FollA] 7ol 2 A AAts vhil®
A3 317 8A ol AFgEl7] $lste] 2 A A} Afe]
o A¥EHAE SAskdet. 22]aL Spss FAZE
TS AHEste] ZF ARQIAL Abel o] AAEME 4
g3kt

PC Mol% Vap D bp (K) remark

0.194 0.00 0.97 1.60 308.15

0.206 60.11 0.83 1.60 308.15

0.232 98.84 0.60 1.60 308.15

0.406 20.53 0.58 1.60 308.15 ethanethiol

0.264 0.00 0.55 1.60 308.15

0.198 69.34 0.50 1.60 308.15

0.499 0.00 0.25 1.60 308.15

0.192 0.00 0.97 155 310.65

0.208 60.11 0.83 155 31065

0271 98.84 0.60 155 31065 ,

0.415 20.53 0.58 155 31065 di-methyl
sulfide

0.258 0.00 0.55 155 31065

0.200 69.34 0.50 155 31065

0.457 0.00 0.25 155 31065

0.0725 0.00 0.97 1.66 336.15

0.106 60.11 0.83 1.66 336.15

0.119 98.84 0.60 1.66 336.15

0.144 20.53 0.58 1.66 336.15 2-methyl

propane-2-thiol

0.129 0.00 0.55 1.66 336.15

0.0772 69.34 0.50 1.66 336.15

0.177 0.00 0.25 1.66 336.15

0.0715 0.00 0.97 156 339.15

0.0891 60.11 0.83 1.56 339.15

0.113 98.84 0.60 1.56 339.15

0.128 20.53 0.58 156 339.15 cthyl methyl
sulfide

0.122 0.00 0.55 156 339.15

0.0727 69.34 0.50 156 339.15

0.171 0.00 0.25 156 339.15
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71 087181 33gHEe] B Al AR
HAlol yo} 33l Ee] BeAS AHeIxE AlH
3L o] 9] A IR E37EAF] DME A4,
Eg7tee 3718 EAESAIRALE Folgl o 7h
7Z+o] Zk-& Table 391 VFERN AT},

4

AEE A5t JtAo] M=

AN eE] (TR 99%). 3t EH(EE 99%), 2-H]
H2 2 3 2E (X 99%). 3 R = (= 99%)
= Sigma-Aldrich2 %] Fulslgde}. 3 =29
= 99.9%)3} B3} p-FeEHEE 99.9%)2 (F)MS 57
S5tz HE, A 3o el 6] 2.(98.84% =, 7]
e T2y 9 vekd s (FRrdadoz2tE 74
st i3} pks} Sz 2wl o s e
27} i STk oat el AlxEsh
25218 Ij7kAag dRelE 8718 AT EER
10° tor7}A] ZZo 2 2t F vl 879 ZAS
1 g 174 A3 212 gl 7)o o
3} puk, A E R H 2, A3tz e s 747t o
Aok FA3 F, 5-10 ppm W] 47HA] F52] 33}
F}ES A7k

AEE 7t29| 2 &3

Azpho] el 24 st 2ol et o
7}27F =413 b= 4 (Koehler, Germany, A8 33
EIFEE 3%)E 26°Ce] £xo 1087 FH3 F &
F7t~e] T FA3

HSIZIA F 7191 JtA =M 24

Table 4 ~4] valve 1, valve 4, valve 63} valve 72 %1
1 valve 2, valve 3, valve 5, valve 8= 1 AlejjellA
LPG BAA2HS IAFHZR oA ZAFAIA F,
valve 13} valve 2A}o]ol] & 2715 38-7F o] A 71 H}

Valve 13} valve 3A}0] 5 #2131 valve 25 dof o]
%5 A3IAE kA 7|34 7)Y cylinder 20 T2
g G572t oAl 713AIA A xE GE7EA
= JlazEutE 3] HP 5890(Agilent A)/E-ZEo
23431 &7 (FID)ell A 8t5em 1 A3E Table 5
o vehd et

A8

Table 4. Scheme of analysing system of LPG.

P < GAS
CHRONATOGRAPHY

Guage 2 valve 4

{x} {>——vhccun pup

valve 5

%valve 6

PURGE

COMPRESSED
GAS
Cylinder 2

Table 5. The composition of Liquefied gas mixtures

No. of sample Composition (mol %)

propane Propane DME n-butane

1 99.90 - 0.10

2 39.19 60.11 0.10

3 0.99 98.84 0.17

4 41.97 20.53 37.51

5 61.36 - 38.64

6 0.56 69.34 30.09

7 0.05 - 99.95
A 271 Ot Ak 2B X 40°C(10

min), 2% HP PLOT-Q(Z 3 Z¢]=30 m, ID=0.53
m, 5 F7=4 pm), o] F4 7IA = AL, A8k
3719} i, ABFYL 7AE F2EH: 05 mL),
Y §42 12 mL/min, A 2FYTF S5 100°CE
Z71 50: 1) AZE719] X+ 250°Ce| gt AAA
AA L 98t FFEIAN(ZR T 20%MAFEIAE A4,
n-N-gk IO%N}ELﬂiL Axye dFEFAATY
L2 HE FYste] EA e A3 2H, 98.84%
3} DMES 7|34 A 92 457t RFEREA
Aol ALg-31s1

=

nLu woh @ el

7|Hlah 2 oA
A= ALt

Z2 3% p-55 - DME 59 331352 7IAA 5
T BXL g3} o] st Table 494 valve 1
7} valve 8& 21T valve 72 do] 7]|3s 7lAE
SCD7} A&E 7tAazmznlE ae]ed] =4ste] 33}
FEL] FEE BAY ALY dEE 5
e o] el weh EAM 3K Tuble 49] valve
1, valve 4, valve 63} valve 72 ZF13 valve 2, valve
A Aol A LPG AR A~R&

AR ElErEe

= =
== BM 9 2uf

3, valve 5, valve 8&
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Table 6. Determination of the concentration of sulfur compounds in liquefied gas mixtures

Sulfur compounds (ppm mol/mol)

No. of sample Phase Ethanethiol Dimethyl sulfide ~ 2-methyl propane-2-thiol ~ Methyl ethyl sulfide
| liquid 8.60 7.80 7.20 9.83
gas 1.67 1.50 0.52 0.70
) liquid 9.17 6.93 6.27 10.17
gas 1.89 1.44 0.66 0.91
3 liquid 8.93 5.93 7.60 8.80
gas 2.07 1.61 0.90 0.99
A liquid 8.57 5.47 5.40 7.50
gas 3.48 227 0.78 0.96
5 liquid 8.83 6.50 6.13 9.00
gas 233 1.68 0.79 1.10
6 liquid 8.20 7.50 6.70 7.87
gas 1.62 1.50 0.52 0.57
7 liquid 7.53 6.60 6.80 743
gas 3.76 3.02 1.20 1.27

TAFHEZZE kA AFAIZ] F, valve 13} valve 2AF
olof] NZI}AE 387 o]$A|ZIY}. Valve 13} valve
3AbOlE FL valve 28 do o] FE Y3l AE &
A 713 A @eial FAg FS7kE HP 6890/%
3}8haks37] 271 (SCD: sulfur chemilumenscence detector)
£ ol &3l Mo 1 M AIE Tuble 60l
vehd sl

SCD Z71-2- controller pressure(212 torr), burner temperature
(800°C), 424=-5r22(10 mL/min) & §7]-42(40 mL/min)
ol 7 mEobETRs) B4 2AS ohesh 2
7tz EetEad )] B 2% 40°CoA 6527
AT 15°C/minZ 150°C7H] 2-e-slom, AL
SuplecoAt] SPB-1 Sulfur TM(Z®H Z°]=30 m, 23
ID=0.32 mm, 25 77 4.0 um), Z2¥ F52 12 ml/
min, A/ 2FF LE= 100°CEFEA 50:1)0] 5T}
AN AAE 918 257133kl wW " 8.40 ppm /

ApElaE Ay HFEEEATAAN o)
ok,
A Y T

h 32 F7F DMEZF 35 o kel A 333}
gee] A el 3SR 5 9 84% DME
TR, QA ER7rRY] S8 B3Ree A
AEAEAE 8l F=Adoln o SPSS 57
Z2adel Hgsle] BlASE FAYE = 9de

o)

EE
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Table 7. Statistical parameters in multiple linear regression of
partition coeficients for four sulfur compounds

Statistical Values of statistical Partial R?
parameters parameters
Intercept 2.491 -
bp(K) -5.91x10° 0.545
Vap -0.223 0.179
Mol % -6.66x10* 0.057
D -0.137 0.078
F 19.50 -
R? 0.772 -
Radj2 0.733 -
W, 223 pHel - DMEES H3prtagdr]e] £
S ] B e] B9 A2 POE oH
A (22 N Table 7, Fig. 1).
PC = -6.66X 10" Mol% - 0.223 Vap - 0.137 D - 591
X107 bp(K) + 2.491 (N=28, R.’= 0.773, F=19.50)
)
dsPtA B71g A DME =H0| EsfgtEs9
=A== O|Xl= A&

s3pis 2AE LPGE] A, dALEA &
FHeo] BulAlaE LPGE| F718kel 2] afe] dnbA
28 AAEHA HusgH” DMEZ}F -5 o 3}
Y7k E 2 A Aol AdElH o] EA3HA)
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Fig. 1. Predicted partition coefficients for sulfur compounds.

W= T T TG T A (290 ofshe] AA .
VvV (E e E3E S et v o™ (3)

a, b, = 27 Z23, DME ¥ n-Yste] E3-89]
o]y, vy 223 DME 9 neke] Z7)9tel )

PA-x g QA A = 7| A| 2] 3 gl A &5t
7k28] F71ste] Frtshd ZIAY SE3RE =t
Zadle] A 2ol "t Table 791 2]3}
W pEts) Zeae] Evtaz 2AE A3k
Al Bl Al 718 Skl wet Fhadhe ek
HoEoh

Table 5, Table 83} Fig. 201 X.o] 3= u}e} 2ko] DME
7 i AEEZ e g p-u (1, s, 7 Al B el A
Zrae Ao A&F 7 F3gEe] TAs
E Z7lslod olete] g9 7$- 0.19426°C, 23+ 99.9
mol%, n-5-8F 0.1 mol%)ell Al 0.499(26°C, 23 .05
mol%, n-5-8F 99.95 mol%), 3+3tolw| &l o] 7% 0.192
(26°C, ZZ.3F 99.9 mol%, n-5-5t 0.1 mol%)°ll A 0.457
(26°C, Z23F .05 mol%, - 99.95 mol%), 2-7|
g Z2w0-E]-89 A% 0.072526°C, Z23 99.9

Table 8. Partition coeflicients for Liquefied gas mixtures

mol%, n—-& 0.1 mol%)el A 0.177(26°C, ZZ3} 0.05
mol%, n-5-F 99.95 mol%), 23}l =ee] 79
0.0751(26°C, =23+ 99.9 mol%, n-%&F 0.1 mol%)o|
A1 0.171(26°C, =23} 0.05 mol%, n-3-8F 99.95 mol%)
oA rh.

v} DMEZ} LPGell 443 £3d o 3riag)
Z71%F0] okl stod HuljA| 7] 2polA| K| = o=

1 A2 Z23I} gt AEL] LPGelAM 719t
o] 0.58 Mpa ¥ j, ollete]-&9] FuljAgE 0254 %
2 ZA 5 o]of st 20.53%2] DME &4 37k
(Z715F] 0.58 Mpa)ll A ol gte]-& HujA 4 k2
040622 74 Yeh}a glid).

vhdel| Z2 33} pul AEelw F7]%ke] 0.50
Mpagd o, ollgte]&-2] RuljAl g 0272 o AF=,
69.34% DME &8l 3l7}~Z71%}e] 0.50 Mpa)ell A
o BFe]-& A4 ZE2 0.198% 2 el gt
(Table 8, Fig. 2).

gstetEel #=Ho| 2HlA=0l oIXl= g

2stoll A 313lhE-0] F-L olslE] L, 33lolH|
g, 2vE Z2g0Eg, A3eEuEser 3t
gheh. dubg o g E3lgEe] g el wom A
doz EAlEe S3HES] I Z g A
nz oete]lge] FuiA eIt 7 2 2 A =
o). Table 79 w2 Z7)9 o} AA|7fAe] FAH.
o 3gHEe] Fell olste] TujAe] 7)o 3}
= AZE= AA R37Ee] 0.773 5o partial R%ZEe] 0.545
A 7P 2 3 B Fa 9leh 4] () b
Al sldsl= AR} bp(K)e] AlS7) -5.91X
107224 Fegol Fobwd FujA s ZobAA
o}

Vapor pressure of

Partition coeficient at 26°C

No. of samples

Liquid gas mixture ~ Ethanthiol Dimethyl sulfide =~ 2-methyl propane 2-thiol ~ Methyl ethyl sulfide
1 0.97 0.194 0.192 0.0725 0.0715
2 0.83 0.206 0.208 0.106 0.0891
3 0.60 0.232 0.271 0.119 0.113
4 0.58 0.406 0.415 0.144 0.128
5 0.55 0.264 0.258 0.129 0.122
6 0.50 0.198 0.200 0.0772 0.0727
7 0.25 0.499 0.457 0.177 0.171
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Fig. 2. Partition coefficients for sulfur compounds.

gslEtEe| EAMASAIRHET L 2HiA=0 0jXl=
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7k2Fe] BIRE F718ke] YrobA 7)Aol EA)
sk 3REEe] xR e 2hebd 4
At Aol A o o't S|4 £ S
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g2 2H8717} EA5 DME E£87k20lAM S =}
4715 7R = F3telwF o] RuljA 57} -SH 2H4-7]
E 7HAE ollate]Ee] FujAsRE okt B2 e
2 vepgth. 22y 33k BlE 2H71E 7R 24
g 23 2.8 3o Erg 2 oz
bt o]8dF A= 20d =29 2] 29 vE]
7]l 938t 32193 34 ubs|(steric hinderance)Z
SH 24879} ol el B2 ) bz 719} A5
o] Ztasle] vpelyt Aoz FAHCH(Fg. 2).

B Ao Ashe ofehal vhest 2ok YulAS
 DMES] B¥& 37k, 9 sbkae] 3719 371 %
SHHES] EASTARANE S} B F7bol vkt 4
A sk AR BelFeh deddH =t £3
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