Korean Chem. Eng. Res., Vol. 50, No. 2, April, 2012, pp. 353-357

A7, Aek 9 vlo] @ mj A
o[BI 2 (DME)E +32]0] CH;0CH,Q] SAAEZZ Qla)|of 54

Deans Switching= O[|Z¢t 7|IAFZ0IE 12Hu||A] DME-LPG
ElsleA 2lelE FAHE

363-883
o11d 9

e
©

Determination Method of Hydrocarbon Compounds in DME-LPG Blending Fuels by Gas

Chromatography with Deans Switching
Ju Min Youn®, Cheon Kyu Park, Eui Soon Yim and Choong Sub Jung
Green Technology R&D Center, Korea Institute of Petroleum Management,

653-1 Yangcheong-ri, Ochang-eup, Cheongwon-gun, Chungbuk 363-883, Korea
(Received 1 September 2011; accepted 4 October 2011)

o OF
I =

N3L-3-7 1~ (liquefied petroleum gas, LPG)ell tiH| € of|El| 2 (dimethyl ether, DME)’} 37}¥l DME-LPG &35
9] gl SRS TR RRE T E9(GO)E ol&ste] FA - Ak AlE AT S AT-SISITE. DME-
LPG &8Iz k3185 (oxygen-containing compound)?! =432] DMES}F B]ZAJ &2 LPGE A% o] 317]
w2l shke] GC ZHFolx BE s ¢bds] Eels 17t ofHetk. mebA] A= OE 349 gf=oly ol H3d
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Abstract — The new qualitative and quantitative analytical method for hydrocarbon compounds in DME-LPG blend-
ing fuel, mixing dimethyl ether (DME) with liquefied petroleum gas (LPG), by using gas chromatography (GC) was
investigated. It is difficult to analyze all components of DME-LPG blending fuel by using single column in GC due to
consisting of the non-polar LPG and the polar DME which is oxygen-containing compound. Therefore, it has been intro-
duced the Deans switching system, which are useful for analyzing mixtures of a very different nature and/or target ana-
lytes in very complex matrix. This technique is to control the pressure between two columns and to selectively change
the path of effluent flows to either one of two columns. As a result, we found that DME and LPG can be completely sep-
arated at the different columns and the determination of all hydrocarbon compounds in DME-LPG blending fuel can be
achieved to this method qualitatively and quantitatively during the operation of one injection. In addition, this method
can be applied to the determination of trace components of by-product, such as methanol, methyl formate and ethyl
methyl ether, which will be derived from DME synthesis process.
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Table 1. The physical and chemical properties of DME and LPG
LPG

DME Butane
Propane

Isobatane n-Butane

Formula CH;0CH; C;Hg  i-C,H), n-CH,,
Liquid density (kg/m®, 15°C) 668 507 563 584
Boiling point (°C) -24.8 —42.1 -12 -0.5
Vapor pressure (kPa, 40 °C) 881 1352 531 371
Lower heating value (MJ/kg)  28.8 46.5 48

ZSM(black liquorye 7}~8A1A dE DMES 758 A5=E At
f3lo] A8 Eo]] 2831314} 5= BioDME Projects =33}l
ATHS,9]. el 7k TANE SO E DMES LPG
Aol E3slo] Agsetaat she A7 RlsFoltH10]. I o
21$k DME $15.9] £8918 #1341 A 9§55+ DME-LPG <
FARE 99T 5 Qs B o] ARl ook sht A
7] Ijelell 1 Ao fi A7goltt
LPG= 23k} Fglo] FAJF0|A R C~C, B84 313HE o]
94 - 3h5-3kar Qlck. Table 261 UERA C~C5 BHE}
T2 slRHEo] LPGell HEE = 9lom o)F A4 d=iaed &
Q= EA L 1SO 79413 ASTM D 21631 78 H o] th
,12]. Table 201 YERA C,~C5 BF3laell gt w22 1)1k}
HA | #el5s WEshe GC AH O ALO, PLOT ZAHo| Eel
2o DMEZ} A9 31797411 Aksleknlgel skl &
zhw]o] A ko, A7) Aol 54 4T, oH= 2 A
£ o] AnE 53 315t ES Ay 0 BAR BHEo] AMgo)
A8k 32 AT}, Zatorski[13] 5~ AH 17O 2 dimethyl sulfolane,
propylene carbonate, silver nitrate”} 2|42 7€ Hd FHLHE
o]4319] C~C; B3l4¢} DMES 22l3191 o), 47 o8 25
0~5 °C=Z FAA1717] $13F 32t A| 28l (cryogenic cooling system)©]
Foste] BAA A eBS ARoR §xab7] S8l WAAE A
S5 N3} Aa) A3} oakaleks 710 ARV Holx|ar B4
AIRHB0E ool Ao A 2e]#] %atch. DME-LPG 3 i
27} 7Fs gk AEl7E 714 PLOT ZAio] AR 4= Qo1 Table 2¢f]
LR ¢, 2] tigh welso] "ojx|an A Azte] HojR|=

Table 2. Hydrocarbon compounds in liquefied petroleum gas

Component bp (°C) Formula
Ethane —88 CH;CH,4

Ethylene -104 CH,=CH,
Acetylene -84 CH=CH

Propane —42.1 CH;CH,CH,4
Cyclopropane -33 C;H,

Propylene —48 CH;CH=CH,
Propadiene 34 CH,=C=CH,
Isobutane -12 (CH;);,CH
n-Butane 0.5 CH;CH,CH,CH,4
trans-2-Butene 1 CH;CH=CHCH;,4
1-Butene -6.3 CH;CH,CH=CH,
Isobutylene -6.9 CH,=C(CH;),
cis-2-Butene 3.7 CH;CH=CHCH;,4
1,3-Butadiene —4.5 CH,=CHCH=CH,
Isopentane 30 CH;CH,CH(CHj;),
n-Pentane 36 CH;(CH,);CH;4
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2-1. 7ZIATE0LET2H|

- ?17°9] DME-LPG 3§59 45 flete] Ala7d7dA,
Deans switching system(Analytical Controls, The Netherlands), 2+, 7
=712 3% Agilent Technologies 7890A GC(Agilent Technologies,
USA)YE AHE-381912H, Fig. 16 A3l ARE-E GCo Mg Yt
Uitk dd32e] S A5FYE 218191 1.0 mLe] sample loop=
7FR 4-port HIAF 717X (liquid sampling valve)2} 250 mL2)]
sample loop= 7 6-port 71A Z5 4] (gas sampling valve)=
AREBIATE. 7VEA SR AREA] g7l gt o] Sl
DME-LPG AEE 713 A AUZE2Z loopE AAF7] 181
A7) 71gwra) o] 7|8 E 2k b7 1(KEV series, Swagelok,
USA)E ARSIt o, 71VdA 8559078412l sample loopi= 7131l
DME-LPG A&7} A sheli= 218 W]skA] f18le] 80°C ode]
S|REFo AAI8I3iTt

A8 GC 249 BT Aile ARSI o, LPG A+ 745
$I8k ALO, PLOT A (HP-PLOT ALO;, Agilent Technologies, USA)
3} DME #2495 913}t methyl silicone 73 (HP-1, Agilent Technologies,
USAYS 22t o] g3ttt GC HE7] 2 E40]2811% 7] (Flame

é He i
E ! Column 1
Inlet (He) i i (‘I’X‘X‘) > -
o Pre column i i o n
sample in m ; :
@ i ; Column 2
2 1 : |
L am

sample out (vent)

Fig. 1. Schematic diagram of the GC with Deans switching system.
1. Sampling valve 4. Detector (FID 1)
2. Needle valve 5. Detector (FID 2)
3. Deans switching system
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Table 3. Operating conditions of gas chromatography

Component Description
Column
Pre-column Silica PLOT (1 m)
Column 1 ALO; PLOT (30 m x 0.32 mm x 8 pm)
Column 2 methyl silicone (30 m x 0.32 mm x 4 um)
Inlet
Temp. 200 °C
Split ratio 50:1
Pressure 150 kPa (constant Pressure)
Oven

Program rate 60 °C (1 min) — 15 °C/min — 180 °C (6 min)

Run time 15 min
Detector
Temp. 220°C (FID 1, 2)

ionization detector, FID)?} &% %= %715 7](Thermal conductivity
detector, TCDY’} &5 AMg-0] 713t 457} ] 943 FIDS A
glsto] A8 A7 1,200 242} AdASISITE. 21 ) A (carrier gas)e
T57755(99.999%) HAE-S A1 Agilent ChemStation software
£ o]&3lo] GC 227 dloly] =3 4 allA-& 33131 L, Table 3
of & Aol ARE-E GC w4 2AS YERYQITE

DME-LPG &3t15 2] #2415 21819] Scott specialty gases A+
WG ATHT/IAE THlste] ARSI O, BEIAS] FEE
Table 4 WERASICE 418 571~0] LPG 3} 5= =l
e LPG Al 54 RUEH ARE Edlz A4dsiel o,
oA A} R ahr|ele Sl -8 LPGellA 78] AEHA Y
AR BF7E 2730l AlL)BSlth 2571 A7871E Hshkd
DME-LPG £3+52] 7]31= Wx|al7] 9late] AA7bA= 20 bar ©)
A 7ItEe] Qla EEE R 8] viEE7EA] {2 TH(dip tube)
= AA|Eto] WY A E5E WIAEFTYER] L 7R 57U
o] Hhol| X% 7|5k ol FH3TE BT WA ST
A B 7PN ETYIRE 08310 sample loops 57 AIEZE 1
min ©1 F325] flushingA %] - A Z-S GColl Y313t

Table 4. The concentration of DME-LPG certified reference materials

Component Conc. (%mol/mol)
Ethane 0.50
Ethylene 0.50
Propane 15.20
Cyclopropane 0.50
Propylene 0.50
Isobutane 24.90
trans-2-Butene 2.03
1-Butene 2.08
Isobutylene 2.02
cis-2-Butene 0.94
1,3-Butadiene 0.50
Isopentane 2.99
n-Pentane 0.99
Dimethyl ether 4.90
n-Butane balance

3-1. ME%! Deans switching A|AHIS| HS

DME-LPG £3M29]| Deans switching A]Z~Elof|A] #-2] %= 217
3} 98 = Fig. 20 ERNQITH17]. Table 3] ¥4 %702 GCE A
7J3t & Deans switching "E7} 31 AJEl|ol|X = Fig. 2(a)ell YERH
nke} o] eFA|o)7 17} 171 A 9F FLsE 7k~ E o] 88te] B AR
Hoh A AR S A FRBEES Holok whibA] ov] Aes
S 8552 A 2% o]F3}e] FID 200l AEH 1L, FID 194
ojust A% HEEA] Akt WHIE Deans switching WE 7} &
& 2Jefell A= Fig. 2(b)ell ERA v} 7o) ¢ 2139 ks B A1
Hu} =4 fAlte] ob] A-ls B9s 852 A 197 o]F3)
©] FID 14 =531 FID 2004 w3 E2 5% 2557 ket

Table 4o et £2A4-& 2= EF7FAE ©]435+9 Deans

Column 1

(q000)

Pre column

(0080) |
g g Column 2
c, (I

(a) Deans valve in off position

Column 1
L QD
Pre column Y “A Ij
> »—| B
Column 2

R
(b) Deans valve in on position

Fig. 2. The principle and structure of Deans switching system in GC.
1. Pressure controller 3. Detector (FID 1)
2. 3-way valve 4. Detector (FID 2)

2000

T T T T
1500 LPG (C,~C,) i
<
s
Q F 4
2 1000
2 L ]
Q L
7]
Q
['4
500 - -
i DME
0 " LJU’\IA\A L / s
0 2 4 6 8 10

Retention time (min)

Fig. 3. Chromatograms (FID 2) of DME-LPG blends from Deans valve
in off position.
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Fig. 4. Chromatograms (FID 1) of DME-LPG blends from Deans
valve in on position.
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Fig. 5. Chromatograms of DME-LPG standard gases by GC with
Deans switching system.
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Fig. 6. Calibration curve for the detection of DME in DME-LPG
blends (R?=0.9993).
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Fig. 7. Chromatograms of DME impurities.
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