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Abstract —For proper functioning, general machines usually need lubricant oil as a cooling, cleaning, and seal-
ing agent at points of mechanical contact. The quality of lubricant oil can deteriorate during operation owing to
various causes such as high temperature, combustion products and extraneous impurities. In this study, a heavy
load stopped during operation, and the oil was analyzed to check whether any impurities were added. Extraction
using acetonitrile followed by reaction with BSTFA(bistrimethylsilyl trifluoroacetamide) showed that, trim-
ethylsilylated ethylene glycol was present in the lubricant oil. To quantify the ethylene glycol in the oil, deu-
terium-substituted ethylene glycol, which acted as an internal standard, was added to the sample and then
extracted with the solvent. Next, the extract was reacted with the derivatizing agent(BSTFA) and then analyzed
with GC/MS. The detection limit of this method was found to be 0.5 pg/g and the recovery of oil containing
20,000 pg/g of ethylene glycol was measured to be 94.8%. A damaged O-ring and eroded cylinder liner were
found during the overhaul, which implied the leakage of coolant containing ethylene glycol into the lubricating
system. The erosion of the cylinder liner was assumed to be due to cavitation of the coolant in the cooling system.

Keywords — lubricant oil(£ &), ethylene glycol(oll € # & 2] &), derivatization( %= A 3}), GC/MS(7] A
A2 utE e 3/8 FEA 7]), cavitation(FF H )

.M B 4 B st 59 &8s FHs FEfel olE

do] FAEUS 745 272 A Ado] WA

F&-f-(lubricant oilj= 21 71719 HEFRA mp o HAFHQ] ZsFge] ofgA At 59, e =

B ARAINE AohEEAE, W Y, 0, A 20l 285lE AYARE EE 958 Ple) A
' ogdlgeZe] e WA #2AF FUE

"Corresponding Author: pajlee@korea.kr £38-8 9¢o] BRI T H A AEo] WAET Sut

315



316 Joon-Bae Lee, O-Seong Kwon, Jae-Hoon You, Shungkun Shon, Tae-Myung Sung and Ki-Jung Paeng

MO = Blotter Spot Test[1,2], Patch Test[ 1, Schlffs
reagents ©]-&-3F HIAH(ASTM D2982)[4] 5°] AU
v AP AHANTEB = (FTIR)S], 7AIAZ
sk 2 (GOl 213t h[6,71e] 3

A HPATPYE ol NIRORA 2 I
o Ago] gom o)F dPuelE Fo| Fel
Qﬂe 91gk ASTM D2982¢l| <]gt w2 01]%_1311%31

Z9] hydroxy (-OH)71E AHdZ7A potassium
perlodate(KIO4r4 0|85} aldehydeZ AFsIA7] o}
Schiff's reagent®} WHSAIZAS w whAEE Rl A
ol oJsto] Hifshs WMo R &84 T 4 &
¥ aldehyde -85 A fel WA Alsl=o
= Ak 5 SITh4).

upEbA wl&Ereh o] 8 lTr«l o]
I zk= 7};4} o }\g/\-]‘:'

i]iiu}ilﬂpl(GC, Gas Chromatography)—e‘ o]-g-gt
Hgo] o] &ETH7]. S/d0] ek IHe] GCell €Jgt
EAAL HYE Aoy EEls A8t 5 ARWEDL
o] FAEA 0] Ao=e A7t Aok

o & &l F2] F(ethylene glycol, EG)S 3}3H2] o]
HOCH.CH,OHO|™ EAZHM.W.)S 62.07 g/molo] 3
UEE LI2gmL, #53d <F 198°ColH A 74
Tt A dute] e 27 &Eo|th8]. ol=
ANEA(CH.CH,)S A A AE ogASAlo|=
(CH,OCH,)®] FsliH8-g 53l 3HH o= Az o[9]
= polyethylene terephthalate (PET)Al 4], H-5Y,
A kg wiA] B AEEGA] A Foll ARS-ET
201095 AAAIZ S-S B oF 2,0007HE0]
ALt om el 97%7F PETAl At =41¢]
Pl ol &HAL oF 2%= W28 FEdel AR
H Aoz nase] Jui10]. 53] Fadz} A, of
%%ﬂ%ﬂi 2 e] =g —12.6°Colu -89 Al
oM Fxo wel ofege] oF 48CTHA ZFstE o
A —r%"—ﬁ—i AHE-ETHS.

53] dgdllFe S S|I=5A17I7F 2hE F/30] A
3l7] ol ARrET ] FA 5] AoEd], o]
o] RS S8t T GeFgidol 2 E"'i +r
TAst o] glrk S|=5A(-0H)719] A5 71A
AznfEa g ot BAA] FEAE WY 9&%
TMS(-Si(CH,);, trimethylsilylation)3} A]7]& o]

i

Journal of the KSTLE

delA owH[11] olo thek AJefeR= 53] BSTFA
(N,O-bis(trimethylsilyl)tri fluoroacetamide)”} ©]-&-=t}.

2 drdbe A T AR AAE e &
& 5 q]aa]%ﬂi«] BAE flsl] T A
SHE HAZYES WHEFEAR 3l EAIFESF
TMS (trimethylsilylstion) R+ A 7|AAZrIEL
2 ¥ AR 7)(GC/MS)E F-41313 T}

=53]
=

N
>
ot
0

2-1. A2k & 717]

Aleke] 739, WHEEFEZA(S, Internal Standard)?]
olgd %ﬂ% %ﬁﬁ{,\_x]zzl-xﬂ (ethylene glycol-d,, d;-EG),
ALAFHZEG)H F=ASE Akl 1% TMCS
(trimethylchlorosilane)’} $H3-% BSTFA= AldrichA},
H&F2fol gk M7 F25 93 EAEE tiAst
=9 GRE YolgolElZ (diethylether, C,H;OCH;)e}
Burdick & Jackson®] HPLCH oM EUYEH (acetonitrile,
CH;CN), -2 A|A3}7] £+ Shinyo Pure Chemicals
ARl FF HFEFNaSO,), S AT &2+
FEFFS SK FHH=S tAdZE WolmedSs
ARE-sIATH

Ao ARSE 71719 7, Wkt fEAsk vk
< 9% 2E 9 YAEFE Vision Scientific?]
vortex mixer®} 7AF7] 9 A4lEE7], B SR E
FY 7AxE Qg A7|2= $A1HES] Lab 24 29
< o] &3 GOMS H LEMEZZ = Agilent
Tech nologiesAF2] 6890N GCe} 5973 MSDQ] GC/
MS system % Gerstel MPS2 L EAZHE A3
o A=A S 93 *3LLS Mettler-Toledo AL204
24 o] 83Tt wo]2Q YoM ] i AAE ¢
gt rotary evaporatorZ+= Tokyo Rikakikai Co. Ltd.
9] Eyla N-1000 evaporatorE Z}7; ©]-23}3it}.

2-2. 84E 0|28t MX{2

Fig. 19} 7o) 4842 tojdolze} opEUE
g2 FF, A4 9 553 Table 19] GCMS =
ZdellA ﬁxﬂfl FS 37| Ask] 1.58742] solvent
delay= d7g3} IOuL Fe) st Gcav[s; B
A} oHEUEY FEEA dddaAlZe S d<lst



GC/MS Analysis of Ethylene Glycol in the Contaminated Lubricant Oil Through Solvent Extraction Followed...... 317

| Waste Lube Oil |

v
v v

| Ether dilution | | AcNExrac |

I |

‘—| Na,50,
Filtering &
N N, gas

Dehydration
ACN ext.

Concentration

v v

GC/MS Analysis |

Fig. 1. Diagram for the screening on the wast lube oil
for GC/MS analysis.

Table 1. GC/MS condition

GC/MS Condition
Injector temp. 250°C
Split ratio 40 : 1
Transfer line temp. 270°C
Carrier Gas He

60°C (3 min) —
(10°C/min) — 280°C(5 min)
DB-5MS (30 mx0.25 mm i.d.
x0.25 pm film thickness)

230°C

Oven temp.

Column

Ion source temp.

100 mLe] SHFZE separatory funnelollA] 53] i3
£ 5, 758 WL H2 2939 400°Ce A=

oA 4XZE o) 212AIT] NaSOE 7F8EaL 60°Ce]
rotary evaporator®] Z¢EANA SRS A AT
g Fe] HEHA %S GOMSE Rl
°lF FAE SERE slo] WE FHO JdEAIYF
o] 10°pg/g~2x10*pg/g =2 $F EF

ABE

Azttt
o] THgolr #BRE HErt ot WAL Abgak
& A%, 71l ARt J3e 19l olele
o] JHETE=E Aed ol

ASATE. whEha] ool ofgk 2%
gate] gEgsigion §8f EFAIR LH—‘H%%ﬂ
0l 54w XY JEdFYIo] 10°ugg 9=

a3tk olo] oM EYEY 2mLE 7Fet4 vortex
mixer® 1027F w8F 9 353 ths °F 1,000 rppmel]

Waste Lube Oil
with IS (d,-EG, 1,000 pg/g)

| ACN(2 L) Extraction |

Na,50,
L

| Filtering & Dehydration ‘

'

| Filtered Extract 1 mL ‘

BSTFA, 100 L
¥y
| Derivatization (80 °C, 30 min) |

.

GC/MS analysis
1L

Fig. 2. Pretreatment for the quantification on the
wasted lube oil for GC/MS analysis.
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Fig. 3. GC/MS chromatogram for wasted lube oil by
dilution with ether.
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Fig. 4. GC/MS chromatogram for wasted lube oil by
extraction with acetonitrile.
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Fig. 5. GC/MS chromatogram and mass spectrum for
the trimethylsilylated EG for the wasted lube oil.
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Fig. 7. GC/MS chromatogram and mass spectrum for
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Fig. 8. Calibration curve for EG in the ACN extracts
from the lube oil standard against the internal

standard. (} : area ratio of m/z=191 for EG vs. m/z=195
for IS, — : EG concentration [mg/g]).

Table 2. Recovery for the EG in the Oil

EG [ug/g] Recovery [%]
500 72.5
5,000 75.2
20,000 94.8
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Fig. 9. Cylinder liner cavitation erosion(®D) and damaged
O-ring.(®).
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