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R0 : AArka o $AH FEE FHs] A% A A ZZeEaN WPl et A7
&}sic}. TBM(tertiarybutylmercaptan) % THT(tetrahydrothiophene)& E &3 859 ¥-3
AE OV-101 APA A AY shA s Belsidc)h o4 F5 7 F5 2 A&7 229 2ol
FPD9] 4ol 938 vAL ¥ 7hn] A3 f1=l gepulejEel 33 2-‘-75_% Fslg ot TBM3}
THT AAZAE 5o A2 5 o] &8t 24}

olelgl B-Ajutdl-g Medrka T3 o] 3 34l TBMI THTE A3l o) A 431
Ak BHEE BHA prele] AHRBA S Felr] A3 JA H3 7] 2] {84l ol Bhod o}
Hgfch,

Abstract : A gas chromatographic method for analyzing the gas odorants concentration in
natural gas was studied. Eight odorants involving TBM and THT were completely
separated by using OV-101 column. The optimization of several interrelated key parameters
affecting the response of FPD such as hydrogen flow rate, air flow rate and detector tem-
perature were accomplished.

A permeation device was used to obtain calibration curves of TBM and THT. This ana-
lytical method has applied to measure TBM and THT used as a natural gas odorant blend
in natural gas pipeline. In order to elucidate the relationship between odor level and odor-

ant level the feasibility test of fragrance meter was demonstrated.

Key words : Natural gas odorant, Ge/ FPD, fragrance meter
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350 HE5 - AFE - HAY - A4

o] 7134 ¥ ohel A Eo2E sy gl Al
Holch, Mdrtre 71E A8 7hiol vsle] waby
9 ghHAdel A red AL 74, F3e o3}
&3 5S¢ AVER A ALE EY 7HsAe]
itk 1A B ol sk AlaE vl whx|d)r)
A3t ZF5 2 3l Mdrk2o) A (odorant )&
Fal, AH&A) o] 48t Q= Hadrl2s) Fag F
zte 2 ZrA gt b T HY F UEF {2
et

HEZ 7k F FAAE AVE ek 18804
Edo A HE AjatE QA 2ol Y/ A A
A FAHER Yo e AE-S g ObA) HelA 23
A2 288t ot 23 AA A o) X F3tutFg]o]
sl A olel gt ¥-HACL R Y EYE upy
A =it

2 AHEEE FAHAE sEy T2 Gl oal-
kyl mercaptans, alkyl sulfides ¢ cyclic sulfides 2
FEHc) o] B 3EY EALE L F e x g
w ez, 2t AgE Felsley S4E 42 8
shaba A g 7hA] RS Eisle] Apagke) &4 R
HAEL FEo 2 AHEES i) 4ggon
]1Eted o] 7% # A EE Ve E i)

FHA Foll A 7ha del AHgEEA HE ofowr
Hod ¥-373 =& vrelll = 7o) TBM(tertiarybu-
tyl mercaptan)e]th. o] & ol A (34F)o] ¥ o]
$ dEol ol Hol e e ¥aAAsh Tatshod 4}
437, plFedA e Fol wig} oki Aol glovt
TBM-& IPM(isopropyl mercaptan), NPM(normal
propy! mercaptan) ¥ DMS(dimethyl sulfide) %3}
Tl Agale, d oM E TBM DMS, Zadx
A+ TBM3} THT, 9= TBM# DES %
EM(ethyl mercaptan), $-2] v}e}oll A= Zep20} 7h
o} TBM= THTS &% ¥-3A & a3l glovt
Egulgo] M2 o2l {dEA olReiold e
THT <) $-3A8 19693 ol 4 Aol x] 1188}
3 9dr}

N4 F ARPEY FEE HHEE wer
methyleneblue®’, hydrogenation]?, lead acetate re-
action rate®®, calorimetry™’, potentiometr=}® %
combustion®]® o] 9], o] E-L 5 3 #(total
sulfur)e] §e3-g 4 sle whiela, 714 2 2rtE

VS E Zhrrel RS Fels el A W AR
& sk W E e

714 2RetEaqE 2 F3E-E FAY v A&
S+ A4 327125 FPD(flame photometric
detector)*" %, ELRD(electrochemical redox detec-
tor)”, HECD(hall electrolytic conductivity detec-
tor)" 9 SCD(sulfur chemiluminescence detector)”
%ol AH&-E A i} o] FellA FPD7} 714 ol Ab-4-
& A¢7lelx, ELRDE a7k 4844 GC
]l Medor®] &7 2 AH4-5 12 9l3, 2 Mitchner
+ FA4 GCY #Z2&7)2A ELRDE AHg3stgc}.®
19781 Hall Sl 2]} 7§25 HECD+ FPDXc} 4]
ol ol Hold Zlez g3A 9len’, SCDE 4
3 slell A A ¥l SO} 0:9)e) spebasg fabel 2
8] 350nmell A o wF-g vehle Ao 2% A
272 A5 22} b $psht

A FF7lAFA FAH8 onsite F-H A B2
+ Medor(A A7k 3 AT Aoz Bz
© A S GCo AEY, =32 AF)7E A3
o} 9=, TBM3} THT9 23 §28)7) o] Foi=) x| g
2 Ao A FHA FAo) o]Feix i gleh v}
2F At A Mg, A7 o]l o - FdRlE 2
2 Addriz g A Al e, Awg
2 Felgd el B34 FEel FagAdE shetst
3, oA e BHA FeE YA Aggen
A g st f RHA FU P g
& AN & oA "ok

w2} o] o Fell A& GC/FPDE o] 4-51o], TBM
% THTE +43] $ejsla FPDR 0|58 2317
A HA AExE& AAsd.od, olay e
Azt o ¥AA T A Lslsde). =8 ¥
#7} % (odor intensity) & ¥ A Fxo A AH B
71918 J A FA 7] (fragrance meter) 2] #-24< o
& 4] eto}r gty

2.4

2.1. Ale}

Aol AL4¥ 829 ¥4 EFAE BF Fluka
AEL] AG 53¢ Tt dHE vgdgol =
¥Eg9o g algslgdch. TBM THTS ZAFA
& 24al7) 98 FHAE AHeslgch Fapghe o
3} Zole =T 2T o) TBMI} THTS) 24 94
&4 F oS feldoz e o odi 2%
(£0.1C)3heN 4] B2 E 71 o 2o 1} o= H3H A
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2] oF& AAFA Hrth ol E AL HArtAE M
3 MMAA Wohe R FHA BEI2E B
2 A xdhgc).

2.2.2)7)

718 ARCIEIHN I Varian 34000] 3, AE7 2
A} FID#} FPD7} HAtEo] glorn] 71E4E inte-
grator 4400-% AH-4-3lgic). H-elig-& Az 7ha)
el FAA® xY/")el OV-101 3AAE 243
of Abgteict A BEVES MRG0 AlgE
5333 A A+ Thermo Electron InstrumentsA}2j
Standard Generator #360°)%1.2v, A ¥ feF&A
€ #8) A {54 (mass flow meter)”} F-315] o]
A AE AHgEc) B ARE Y8 A=
Sogo Pharmaceutical Co.A} #)| E[ A M35 10MH:z
ol&h, A4l =27] 18¢x150mm, A =7 205(W) %
50(H) X 200(D)mm]-& A}-§-3ich

2.3 AlEuy
2.3.1. 7|M I =otegfmof of# RAH 2el 9
oy

Mercaptanfy 5F(IPM, NPM, NBM, IBM,
TBM), sulfide§ 2%(DMS, EDS) ¥ ¢l 2 x2] 3
<l THTO g # 742 E=i2iets 438 Table
1o} Vieldlgl 2, OV-101 FPA M &= Z2 a9
o 2 ol &g Hesigict. TBM ¥ THT| o
FPDS] A #&x1¢ 37 4% A¥$ sy
o} Air-l % Air2, F40 4, 137 L2E HEA
71wl TBM % THTS $943FA1& 2Adste] o] &9

Hd 3d2AE A Pz 2 AAsgc o)
3 =78}l A] TBM R THT H3}l7) $)8 Ax=
AE s, £aRc 2y $3sje] Yo
TBM % THT® & F384 W g @7
AF-2) FAe] 2ol Azt FAYsAL) Lnm
F-AA 71227} 100mLol A1 400mL7}x)e] A4 47}
2ol of3) BAMEe] HF Fr g Jepdc) ol 3
A2 HF = HeE TBMo)] ¢ 2344 9
2ppmv, THT7} 1.6} A 6.6ppmvic},

2.3.2. Wi hH MM H B &

g Wel FHA FeE 2430 s A8
A7k i@ el Fsleled g oz Re $£5)7
F dA A7 A9 o} =4 o4 A" el governer
station(G/S, A7 Feld 94Q 70barE
40bar 2 ZF4FA)7) = A7} QA F)el| A 29H~
4 AL AR 2rld RAHAZ 49 WAl E
Gbar®] s #ste] AP gubsle] Balslgic) v
Al F= oy Ao wjdvich M2 o g Ao o4
5 He -S4 U A 9 g2t slale] el
T He g el Alul@ ez FRsled
ZH g W A 23A) FEE 2450}

2.3.3. 34 & (odor intensity) &5

w2y H24| == (odorant concentration)s}
7= (odor intensity)s}e] @A E golnr) ¢
 JA FHY)E o] Baled 2t RAMEL] Fq Fx
Hstol] whE JA] 247 AEe] HEE &Yy
ol¢} & AP 37 AW 2AAHNE Fig. 1o 24
o2 vepgr).

Conditionerel] ##A €d-g Fqlaled AL 34

Tuble 1. Chemical name and physicochemical properties of several odorants used in this study*

Odorants Chemical name MW Sulfur Freezing Specific
content(%w) point( F) gravity
1. DMS dimethylsulfide 62.13 51.6 -145 0.854
2. DES diethylsulfide 90.19 35.5 - -
3. IPM isopropylmercaptan 76.16 42.0 —262 0.816
4. NPM normalpropylmercaptan 76.16 42.0 - 167 0.842
5. TBM tertiarybutylmercatan 90.19 35.5 34 0.802
6. IBM isobutylmercaptan 9%0.19 35.5 —220 0.832
7. NBM normalbutylmercaptan 90.19 35.5 - 0.844
8. THT tetrahydrothiophene 88.17 36.4 -141 1.003

*Reference 26
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Fig. 1. Experimental design for measuring odor in-
tensity by using fragrance meter.

ez wAER 4712 Fa A0 A A4 4]

of ®AA WAL Felste] Az WstE BAY
o 24o] B AL HAsleR FHs ddRe
AH ST o AL ALy

3. 0 W Ol

3.1 7|H| 3 2ol e} njof o5t **?--":*—llil =4

Adzka WY e ggg FE7] A o3
7FA wbe] Al et o] AT e BEFEHEY]
(FPD) & #3g) 714 z22vte gy 23 we]
A PM2AE FEg A, 38712 Az 2R
FHA AL A ZAE A s 27 disle]
T8t

GC/FPDE | &3 3313HE ¥4& 3] 5= o
$17} 0.5mg / m*sll A 50mg /m*Q) A% AP, S
viebe] dedrtad) ¥4 Fq FEE oF 15mg/m’
d AR okeix gloemz, FAA FALo2E 7
g3t Aoz Audrh

311 28 #HAe] Ral=a

TBM % THTSe} &7 A MAHoz 71 ol
2013 9l R 71A] RHAE QA ste] BF 8Fe ¥
HAEA iz 2 A9E 25 Z2 o o=
Ty slch

TBM-£ ¥ £% mercaptan$ 5%, sulfided 2% %
delg 38l Y-S THTY 8% dig &
OV-10173(6' x /" 0.D.)AeIA A =] Az} Fig.
29} & 7)A mzctEayE AL 4 sk DMS

H2% - 144
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Fig. 2. Gas chromatogram of several sulfur contain-
ing odorants.
Conditions:colum,0V-101(6’ x'/§") :carrier gas, N,
30mL /min;detector, FPD at 150°C:temperature
program, 40C, 2min, 10°C /min, 90°C, 1 min:sample
2pL injection.

7b ¢ =A gesdw, ogeg IPM, TBM,
NPM % IBM %9 mercaptan®r} fej5gli,
DES, THT® +22 4-2i=gich o] 59 gel=& 4
82 et Al e DMS7E A4 L2l vl
A FAo] 9l mercaptanfr} ool wixjate
2 FAo]l Ax FAlgke & THTV} 7H4 &4 £-215
= 7e o 4 9ok TBM-T'—} NPM, NBM3} DES9|

B-5elo] Bl =g FdAl717] 6 40Ccy P& &k
2 ¥4& slgs, THTV) L‘]—r A SRz
THT2] &2jA2H& £0]7] S8 W0TCE 28 258
A5z gty 852 A5 Bgelrt Ao
B upgAl £87 o] FolHa AR oF 6.5%
ojulof Ska= gt

a8y TBM3} THTE 248 oo
50Cel A Alatsted 80T 7HA] 10T /ming] vl &2 &

Ay =¥
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Fig. 3. Gas chromatograms of standard odorants and
odorant blend in natural gas pipeline.

Conditions:All the chromatographic conditions are
the same as in Fig. 2 except conditions as follows:
temperature program, 50°C, 1.5min, 10C / min, 80,
1 min:5ml sample loop injection.

A7 o 5% o)yl TBMz} THT7} E2l=gleh
o]7& Fig. 3o viehldc). Fig. 3(a) T34 A

2RE 3o AzH] eiz TBMI THTS] &
14 zEetgae] , (b)e Aadrt
ol ¥ &

F7}2moll a7
2afel 28 7o) 7H mzetgagelrh
= Ag-e olelg ¥l mAstl A sl

3.1.2. FPD2] A& HE =2

FPDol 4 w3t ~# e7ie] sl 8.8l 24 w5}
s glel, &, CH(390nm<}

Fafh BER AE
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435nm) % C:(475nms} 520nm) E}e) o4 gz}
CO+0—CO} SHHA oJ¥2 v E #Al= w3

o 24 FPDS &7l 24 83

AAZ eghEel Ha F3A A5 F]Ue 24
o o o) E9el7} =2A vehde A% Badrke
2N E 24% o TBMS) 3ol 2A) Yehhe 25
g 52
st

FPD9] &l 32 v]AE AA2E AH £5,
F4 % 7Y 4, 39 FE 9 PELEE Fol sl
t}, ateba] o] ATl A& o) FBF w4l e) FPDH ™
o 9% TBM>} THTS HA HEz& A7 3
A7 4 30mL/minlE ZAZ Aejol A F4,
2719 % 2 HEL=E dIAvidy TBMS
THTS €9-& AL A2E90E 96 355
= EZ71E Airl, 89 # 2R 48 FTEHe 3
Z Air22} 2 & o $A Air2¢8} $49 §45S 1A
2171 H A Air-19] #-4-2 40mL/minelA 120mL/
min7h) M 37 A5 60mL /min ©]3+e] &4

& B SRALETE AAUR, T olgel Frdel

Mz vl rhs) ZhAskioh(Fig. 4).

PEAK AREA
Miltions)
)
@

30 4 S5 60 70 80 90 100 110 120 1%
FLOW RATE(mi/min)

Fig. 4. Effect of Air-1 flow rate on FPD response of
TBM and THT.

o]7Z1& Jiang 5°| GUEYE W14 FPDE o] &3}
o] 2.8 £l 9l butyltins 2 23 &= 2H 2HE
A3 S W F719] f-So ot & FPDY = &
21gl 4 &g el 2%, Andreae -] DMSE i}
o7 AP Aele A B B Fch”
Air-12) 48 60mL/min2 2 TP AL F Air-29]
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4% 80mL/mineiA] 170mL/min7}x] 3170
#ZA3} 150mL/min 4 7k & $d13E Lot
(Fig. 5). °1Z& Fig. 4%} otx A 2] A& ¥4 €
Yehiz ek Airdl R Air29] #5% A7
60mL/mind} 150mL/mine 2 A7) F49
48 70mL/minolA 120mL/min7}=] H3}A17
A3 100mL/minl A 7H & 943 E dd
(Fig. 6). olZ& F719 #5458 WAz & def A%
He g Y f4Ro) 2 fd A S 3}
stoirt HA o] v FA8] S B0} PAas
gk @W, Aird, Air2 R $49 45 27
60mL /min, 150mL/min ¥ 100mL/min2 & 313 A|
71 ¥ FPD2 H& £X& 100TlA 250C7H= #3}
A28 o 2] A& Fig. 7ol vehsich

)

\

160 170 180

70 80 9 100 110 120 130 140 150
FLOW RATE(mt/min)

Fig. 5. Effect of Air-2 flow rate on FPD response of
TBM and THT.

1.24

§ /\
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FLOW RATE(m/min)

Fig. 6. Effect of H; flow rate on FPD response of
.TBM and THT.
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Fig. 7. Effect of detector temperature on FPD re-
sponse of TBM and THT.

Fig. 7l A B 5 gl A3 zhe] 150TA 712 &
S E el Aty ez 110C~160C7}
A e LEE FAAA FH E alo] glo] Hadw
%S Aoz AyzbRc)

o] Az A TBM3 THTE #438}7] 4% 3
A 2L Air-19] $4 60mL/min, Air2¢ %
150mL/min, 44 60mL/min, 1337 Z&&LEE
150CcES& ¢ 7 UL ol F BE APL olyF
Z 715}l A e atedch

3.1.3. HEFMe| FHY

AL 7 R A sl #2719 7k zhzbe] B4
vt} ohE2 oy =3 EHA L] BebAdA (471" F2
Ex Fa, Bl E3dte] whg) o2 A nlake] XA
7} 239 B327k20 AlxE oA got R}
AR ZE AL R-AlE B E W3 Fol dAtEd. ol o
HH o2 HE REZFS A2gE 2 AL 9HY
FEE A3 f8 B AeE of £3 F
o FA7IE AL A T HEe g exE
A% g Ql7] wlEell Aol vl el vl
L2258 & ¥%, 5 lppm~20ppm o}4e| A&w
AL fiMe B 3502 A2y e AHEge e
AU ¥ 2 ¥ FAUEE T2 Jepd
4 Yt

A 5 2E7ts A2 dri ey E3la) o)
o] BhAg 3, & H,, S0, CO 59 w4 % §
AA] AHE-E) GCR R34l 44 875+ 5
72 W7} 1ppmell A 20ppme] WHE Rol o] ¥
B IEAY 5 9l A #3AE HAola E
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GC/FPDd| 28 HalzlA 5 3 4 FHA 2 e 355

YAIA T A7+ Lo

253 AxEe FH s BE0NAE Axdte A
24, o} A9l 7Bl &5 AA £ Ve o
o] exold YA F7IHE FHA le=g oW
=4 2ag EHske Fage dd £x(2F 20.1T
olu])e] MEA T FAI8HH B ATt FFel wet |
e ko g dg F ok F Y9 X TTelA §F
3 Z71%te] g TPl e FHELS A o
8 AAgc) ol9} e 2AAA 7P F2¥ AL 3
M7 A kg dupnE A s 2gste] A7)
ol Fxel HEer) 28 glov, $34% FAE A
2 BFr7lAe FEE 8lE ppm(v/v) ¥ ppmvE
A s o)zl P

o] AFolAE ST A J§ BE7k A2
of i3l Agsigct FAH AAE £5 2871 R
Aek G5A, TR, EEF FoB o FoA Ut
Az g&A)2 e slAvE B2 BellAe Ths
L (T)7} 7haiR A B 7hA fradn) i) 29 e
A gAe) WE4E slE g o] 4% Aoich 4 A
o} 23 $A7ke] L% ol sl fraFel vl A,
o] L% atolE 0~5VE s} F3F& A A%t

Bay Exige] Fohae S @ 2 Al
7y} B 3he) FA|7Hek(ug / min) & A &3t AA 5
Q). EAAL LB 70C(£0.1C)2 FAFA 3

A|ZE, BRI ZF % 1241738 FA| gl i Fagte R
TBM=} THT® F 382 242} 3.42ug / min(10.37)
%} 2.36ug /min( £0.31)e] g}

o] ATl #4E 100mL/minol4 400mL/
min7}A] W3 Al71HAq TBM % THTY] = % ¢4

64

6.0 -

56

5.2 -

LOG PEAK AREA

4.8

44t

4.bl' S .

N | 1 . |
0.0 0.2 0.4 0.6 0.8 1.0
LOG ODORANT CONC.(ppmv)

Fig. 8. Calibration curves of TBM and THT by
using permeation device.
® TBM: a THT.

Tuble 2. Variation of concentration and peak area for TBM and THT with diluent gas flow rate

Diluent gas flow rate TBM THT

(mL/ min) conc.(ppmv) peak area conc.(ppmv) peak area
100 9.29 1025905 6.55 752702
120 7.74 712632 5.45 523872
140 6.34 513968 4.68 380896
160 5.80 372554 4.09 276898
180 a2.16 289152 3.64 216542
200 4.64 238117 3.27 179425
240 3.87 162425 2.73 124437
280 3.17 122222 2.34 93903
320 2.90 91182 2.05 65754
360 2.58 71943 1.82 56188
400 2.32 55524 1.64 44487

Regression Log(PA)=211log(C)+3.97 Log(PA)=2.04log(C)+4.20

equation (r==0.9989) (r==0.9995)
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AF o HF golust, olF Fil HYTAL
- sl e} (Tuble 2, Fig. 8).

Faad W9 A 4 disigt o) Ate] sloly
EQGEHER 7 |A agvle g el Win ] 2q]x
2 ARE FYE ° HFo s A $334 U9
& ZE2A1717] Al violsi 2 2}al g AP A W
BE 238y F4q] hHe) sha} ohr|sha) A odx
2% sk, Sml AR Tl E AHgste Fs)slg
r}.

Fig. 814 & 4= gl 723 o] TBM % THTS
5 Hel B $5 AEE loglog FANA A
Ag ek o] HATAAG o] f3led Fuf gy
A F2E Ausigc)

3.2 M7t A wlighl W HF 55 HH

A PF7AFAL A7) A o)A E AArkA W
Zeulg  3:7¢] TBM:THTY &£ H3AE
15mg / m’e) o}o & Fqle}ba gl

°]1Z-& ppm(v/v) B ER AAHs}7] H8) o}g2] 4
£ o] 43t}

i 10*(ppmv) (molecular weight of odorant)
24.5

pg/m
(1)

AA Ful g sb-2 oF 70atme]| A A48 Ale]|
FHE Hdrts IR §HEE oF Llatmyl HeR
adeiA glerz 9 AL &2 25T, ¢4He g 4
B2 71 st -& o] Fragaejct oebd 23
A E m’F 15mg¥ 391314 € o ppmv FEB
#2348 4. 14ppmve] ek £33 TBM % THTY %
TE ppmve 2 ¥ A1FPE zbzt 1.22ppmvs} 2.92ppm
vz} Het

Adrb2 Fauld Hel F3A 5= grdakg o
o}B.7] 918l 7t governer station(G/S)ell4] &
Al 8§ GC/FPDR ¥4t} Fig. 9914 F-3A
(THT, TBM) 8] =+ el F71o e} asis
7 ¢ ok AddbA o g TBMS) b2 e 33
Aol vl3le] wol B-HA Feitirl F 2 TBMe| 7
A% AeE AR A& AYoAE THTE
74 Ao} & Ao vepgch o2y 4 &
T7H Fig. 10, Fig. 11}l M= #-A1% A 88 By}

2 & of 70bar, 10C A X2 HarhA ol of

T _T0TAL
) \
T T
a \
>
£ 2
Q.
H - - —\‘L
[y} v v - T T
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Fig. 9. Odorant level in Pyeong Teak-Pyeong
Chon-Pun Dang gas pipeline.
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Fig. 10. Odorant level in Pyeong Teak-Mok Gam-Hab
Chung-I1 San gas pipeline,
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