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Abstract : Plasticizers are materials added to give softness and elasticity to plastics having rigid
properties to give soft properties as products, and they are mainly added to high molecular materials
to give flexibility to improve workability and to improve cold resistance, resistance to volatility and
electrical properties. It is used for the purpose. Most plasticizers are inert liquids, similar in function
to solvents but with high molecular weight and no volatility. In addition, when dissolved in
petrochemical products, only the plasticizer is separated by the matrix effect with other compounds,
and qualitative and quantitative analysis. In this study, qualitative and quantitative analysis of DOA
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and DOP, which are representative components of petrochemical products, were conducted using
MD-GC/MS and developed an optimal plasticizer analysis method.

Keywords * DOA, DOP, MD-GC/MS, Gas chromatograph, Retention time, Switching time
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DOA (Bis(2-ethyl-hexyl) adipate)
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2 AFoME gutdor JtaA JRoE §
o] ARgEE DOA(Bis(2—ethylhexyl) Adipate),
DOP(Bis(2—ethylhexyl) Phthalate) ZEE=Z Z+
1Z48& Wako(Osaka, Japan)Al AlZoz A=
staict. Adel A8 DOA, DOP9 3}shtx
Aat 242 Fig. 1.3} Table 19 Z2F vehdgl
cH10-13].

DOP(Bis(2-ethyl-hexyl) phthalate)

Fig. 1. Structures of DOA(Bis(2—ethylhexyl) Adipate) and DOP(Bis(2—ethylhexyl) Phthalate).
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Table 1. Physical and chemical description of DOA, DOP

MD-GC/MSE 243t 4fsstAEe] 714aA(DOA, DOP) 49y a4 3

Tremns DOA(Bis(2-ethylhexyl) DOP(Bis(2-ethylhexyl)

Adipate) Phthalate)

CAS NO. 103-23-1 117-81-7

Molecular formula CoHO4 CaaH3504

Molecular weight (g) 370.57 390.56

Specific gravity 0.92 0.99

Melting point (C) -67.8 =50

Flash point (C) 196 216

Vapor density 12.8 13.45

Solubility (g) 0 0

-~

md Calumn |

\__Z

2 Column oven

12t Column oven

|
—

1. Sampling injection port 2. 1% detector(FID)

3. 2™ detector(MSD)

4. Switching element

Fig. 2. Configuration of a MD-GC/MS system.

2.2, Maiu
DOA 2 DOP 430 AHEAE

28 7 5-(dieseDell 10,000 mg/L &% =
25 Axsted 44 9 oFF AZRDS

AAstdet. A AL 2 BEARS 5
o wAge BEW AsAS AFHARAY
ol g5Hict.

o H1

stk 10,000 mg/L wko] 7taAE Hrket
ARE 2938A7A ¥ GC-FIDE EA3}o]
DOASt DOP7} HEEE= RTE glsta, g
AR e] 13F Z-ol A 290 H (switching) A1A 2
2t Agoeg HW § GC-MS= DOA ¥ DOP
RS BQlstact. E9h DOASH DOPE AleF
w oirkerosene)ol ¥4 = At &EFE
Mg Z2AS 24 & AFEHE dT4

LS | p

L

flo

2.3. Multi-dimensional GC—-MS

2 Aol ThaAe] 24 sl AR
MD-GC/MSE  AsAaFdg=], =L/HES
FU471, 2709 eE, 2709 #HE7], Dean
switching A|A~®] 0= A% Shimadzu MDGC/
GCMS-2010 Series (Shimadzu, Japan)& A}-&3s}
93, Fig. 2.9l MD-GC/MSe] NHFEE VerY
AcH14]l. E48 GC A2 2AT A-E AHE
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Table 2. Operating conditions of MD-GC/MS

Journal of Oil & Applied Science

GC conditions

Column

1** Column

2" Column
Injection volume
Inlet

Temp

Mode

Linear velocity
Oven program rate
1** oven

2™ oven
FID

Temp

Air

H2

Makeup gas

MS transfer line temp

Rxi—1ms, 30 m X 0.25 mm ID X 0.25 xm, RESTEK
Rxi—-XLB, 30 m X 0.25 mm ID X 0.25 gm, RESTEK

1 ul

320°C
Split (ratio 50 : 1)
25.0 cm/sec

150 C (1 min) — 10 C/min — 320 C (22 min)
150 C (15 min) — 5 C/min — 270 C (1 min)

350 C
400 mL/min
40 mL/min
20 mL/min

300 C

MS conditions

lonization source
Source temp
Scan range

70 eV electron ionization
250 C
50 to 500 amu

Switching conditions

Switching pressure

Switching time

200 kPa

DOA 14.7 ~ 15.0 min
DOP 15.9 ~ 16.2 min
stgeml, 14 R WZgel AgseliE 3, #An o &

(e}
o] gutHQl 3RtE E2lE 9% ZHARxi-—1ms,
RESTEK, USA)2 9EstI 22 QEo=
DOA$} DOP EHzl& =4go] Q= #HH™
(Rxi-XLB, RESTEK, USA)& Algslaich. 24
Al AR 287 H= 17145(99.999 %) dAE
(He)=  AF8ol¥ o™,  Shimadzu  MDGC
solution software® ©]-&slo] GC HFHE ZZ,
=85t dlojel £ ¥ 4 S5tk

Table 2¢] MD-GC/MS 24x7& Ve sith

3.1. MD-GC/MSE 0|&8t 7}2H|(DOA, DOP)
o] HdEN

Deans switching A28 25t MD-GC/
MSe]  ZF  ¢=E ZtERe]l dErlgiTh(lS]
MD-GC/MS9] standby mode®Al= Fig. 3.(a)
oF Zo] d=xA77 12 A-e Id =Py
Het 22F 9o FAF 48PS ° =4+
AAMA 12 AhlA §EH A=E FIDE °lF
st AEHch ES MD-GC/MSQ] cut mode
oAM= Fig. 3.(b)ellAet ol kelxd7]|7F 23t
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AP, ]
Y Po
Valve
P,=P, P=Py-AP;,

2nd Column l m l = 15t Column
0%
= m I ~J Sample

P,>P, 2

(a) Standby mode

AP
: 1
\ 4 P0
Valve
AP»]
P2=P0_AP2 P»]:PO—AP»]
2nd Column o l l — 15t Column
—— [ 1Y
= ~ Sample
P,<P;, 2

(b) Cut mode
Fig. 3. Deans switching system in GC.

1. Pressure controller
2. 1% Detector(FID)
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>
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ox Mt & it &
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Fig. 5. GC chromatogram switched of DOA

iV (x1,000.000)
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£ 12 A4 DOAF DOPL] RTE & Z7lMe HEHA ge Ae 29 & 4k
% 298 245 99 U} 4ES  Fig 6.2 DOA®H DOPE 2917 - 59

s 294et GC A2ntEdoz ~ GC AZuETHS eHH A7l Aoz diF &
4RSe 27} Adon ofselel AD @ AL Asel 27} Adonel AY FRE Hal
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0.00
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Fig. 4. GC chromatogram of DOA and DOP(10,000 mg/L) in diesel.
3.00%%@—%};
275
250
225
200
175 DOA, DOP
= switching
1.25)
1.00,
075
0.5}
0.25
0.00]
00 25 50 75 100 125 150 175 200 25 30 275 300 25 %0 35 mn

and DOP(10,000 mg/L) in diesel.

DOA

DOP

N S

130 135 140 145 150 155

Fig. 6. Overlaid GC chromatogram switching
DOP(10,000 mg/L) in diesel.
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¥ % gek
Fig. 7.2 1% BYeld 293=e] Agd
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Fig. 7. GC-MS chromatogram of DOA and DOP analyzed by SCAN mode.
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Table 3. Description of retention time, quantitative ion and identification ion used in DOA

835151 Z 0] 7FAA(DOA, DOP) B4 ot

and DOP
. Start time End time Even time | Quantitative ion | Identification ion
Materials . ) .
(min) (min) (min) (m/z) (m/z)
DOA 21 34 0.3 129 147
DOP 34 39 0.3 149 279
l,l(cx”%wj TIC
354 a
0
30 )
<
0
25 )
204
15
104
054
300 30‘5 131I0 31‘5 32‘0 '32'; 33‘0. ' 33‘5 fQIO 3\1'5 ' 35’0 3:'-‘5' ' 36‘(] ‘35’5 37’0 3.7‘5- '3{;0 :ﬁs:':

Fig. 8. GC-MS chromatogram of DOA and

- 10

DOP(10,000 mg/L) analyzed by SIM mode.
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DOP

T T T T T
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Fig. 9. GC-MS chromatogram of DOA and DOP standard solution analyzed by

SIM mode.

3.2, MD-GC/MSE 0|23t 7tANI(DOA,
DOP)Q| ZZF U HHIEM
DOASF DOPE A|Fg G-(kerosene)of| 4A
&2 5|4ste] 2.5 5.0, 10.0, 25.0 mg/Le] &
L2 BFEANEE ZAISte] F4EA] Atz 4

o1 SIM  mode @ HIOIHE  ©]-&o
GC-MS/SIM modez2  EA3}4ct. (Fig 9.)

DOA®} DOPE GC-MS/SIM modeZ £4 &
Hgoleo] MAGoR WL A HxAs
AYIAEAHeR 2t HFAE Fig. 10
deifglon) = sl 434 85 A
(R?) o] 0.9901%4 R e R b e N

7t & Aer HJ%H A
25,000
4+ DOA
20000 - MDOP //
. 15,000 - // //
I
10,000 - . // //
A
5000 - e
A
o / ‘ . . |
0.0 5.0 10.0 15.0 20.0 25.0
Conc. [mg/L)

Fig. 10. Calibration of DOA and DOP
standard solution in kerosene.

4. 2 E
2 AFAE MD-GC/MSE
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AR A4S

Zgato] 7a

QA W AQErH G
AESITE AAl A=

gre] Mol JhaA AR BRSA Qe of
gAY JlaA JES QurEe GO
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¥ RTE SAsH3Ih

2. 1zt AYoA E8" DOASH DOPS RTE
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>l

3. DOA @ DOPO| HatEAg
To] BEANRE ZAISE GC-MS/SIM
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