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Changes in Physico-chemical Properties of Single or Mixture State of
DMF, MEK and Toluene in Synthetic Leather Factories
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ABSTRACT

Objectives: It was known that workers in synthetic leather company are mainly co-exposed to dimethylformamide(DMF) with methyl
ethyl ketone(MEK) or toluene(TOL) instead of a single dimethylformamide. This study was examined to the physico-chemical properties
in single DMF and binary mixture DMF with MEK or TOL.

Materials: Physico-chemical properties were measured by Korean and American Standard Test Methods.

Results: Boiling point, specific gravity and flash point in single DMF were significantly higher than binary mixture DMF with MEK
or TOL and such difference was dependent on the mixing ratio of MEK and TOL, and low explosion limit in binary mixture DMF with
TOL was only significantly lower than single DMF. However, Reid vapor pressure had significantly higher in binary mixture DMF
with MEK or TOL compared with single DMF.

Conclusions: Our results demonstrate that the binary mixture DMF with MEK or TOL synergistically increases volatilization of DMF.
It was concluded that the interaction between DMF and MEK and/or TOL might play a key role in the volatilization process of DMF
under environmental conditions of workplace.

Key words : binary mixture, dimethylformamide, methyl ethyl ketone, physico-chemical properties, toluene
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Table 1. Classification of experimental groups and mixing ratio of
organic solvents

Groups Mixing ratio(volume/volume)
Single
DMF 1.0
MEK 1.0
TOL 1.0

Mixture[DMF+MEK(DM) and DMF+TOL(DT)]
DMF+MEK(DM1) DMF+MEK=1.0:0.5

(DM2) DMF+MEK=1.0:1.0

(DM3) DMF+MEK=0.5:1.0
DMF+TOL(DT!) DMF+TOL=1.0:0.5
(DT2) DMF+TOL=1.1:1.0

(DT3) DMF+TOL=0.5:1.0

DMF+MEK+TOL(DMT) DMF+MEK+TOL=1.0:1.0:1.0
DMF, dimethylfomamide; MEK, methyl ethyl ketone;
TOL, toluene

£ TOLE EUSHA 9 Qo griel - 27
B Aol A TOLE £3 AHgsHe SO et
Wt E3H DMFe MEK 3! TOLO| S9tu]&-2 A&
o BA3 AYFHEA B Ao wet g 7
o} Mol ZOE wetEgith. £4FH B0
AES) B4ol wet Bl SXDMF gH9)2t
DMF(MEK ¢} TOL %3} 9] &3td|g0] ZA+= 1.0:1.0
& 235 Aol AL 10029 9= Qe
Aoz slebE|git weby o] Aol ML W A

2 Fuz 9oy ulgz B THTable 1).

) B2 - sheix B4 U

DMF, MEK ¥ TOL @d&E4of tigt #+= 3, vlE,
718, I3k 9 FH51ehA| 52 Sigma-aldrich Ao
A A FShe A B AR R (Material Safety Data
Sheet, MSDS)E Ah&-st3ileh Eot=dof et &2 -
shebal B4 AW =t v EEAE A4
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METTER TOLEDO Co., Switzerland)® 243} c}.
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(2) ¥] Z(Specific Gravity, SG)

H| 2L St FEFZ(KS) A|FEAY KS M 0004
(1997)0 we} Fr7] AFgS 0.1 mg7tA] SAL 5
%)= Sinker(AX Balance & Density Determination
Kit, METTER TOLEDO Co., Switzerland)of 4] A]
F2(20.0£0.5TC2 FAHE E& e, B9 A -39
22 Ao|z Puy) AYAe|E St ofehe A
AHA)(Equation 1)o]] whel AFZEs}Fgict.

(Equation 1)

_ (WI-W2):Dw _ (WI-W2)
Wl \%

b
0.9982

D: WE(20T)(g/em’)
SG: H]%+20/20C)

W1: Sinker ¥ ufjth= Ao
W2: Sinker ¥ ufjth= Ao
Dw: Sinker Y%=(207C)
V: Sinker?] 53
0.9982: 20CoIA|] 29| WE(glem’)

(3) 27| (Reid vapor pressure, rVP)

VPE S=EZ1Z(KS) AIFEHH KS M ISO
3007(2012)0] whet AR AL HarE 7]
Az F4E S718 54 =90 - 1T2 JZ05)of
ARE FUT T, B FELEET80100]
Zksial i o e ul 7HA] oA
108 o4 % 2. 99 el A% g
SEMI-Automatic Vapor Pressure Tester(HERZOG,
Germany)& ©]-&3dlo] 435}t

(4) 213}A(flash point, FP)
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/min, > 60C : 3C/min; 217}RIE: oAFOIZ}A < 60T
: 0.5Cut}, > 60°C : 1Cuft) Fo]], Fully Automated
Flash Pointer(TAG4, Germany)E ©|&3}o] =A35}1L
Equation 29} w}g} FPE Ar&sHth

(Equation 2)
Fc = F + 0.25(101.3 - P)

Fe: Q13H&(0)
F: 2% 2I33(0)
P: Al 49 71 (kPa)

(5) Z3}31A (Low Explosion Limit, LEL)

LELS wm|=tqtZ A|@WH ASTM E 681-09
(2009)0] e} =gakgict.
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sto] Zutollls w4k 2% LEL sEs=
Flammable Range Apparatus(Chilworth Technology,
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(Equation 3)

L)d)(T)
(MW)(P)

(Vo)(Po)(100%)
(V)(To)

LFL =

L: Li(ignition A& )} Ly(no ignition A| & =H)2] Hat
V:5L

T: Ald25k(k)

MW: A]&9] EZ}eH(g/mol)

P: A% ¢t (kPa)

Vo: Po?} ToolA A& 1 mol®] H3

Po: 101.3 kPa

To: 273 k

6) /=
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Table 2. Analytical condition

Parameters Analytical conditions
Column ZB-624(ID:0.25 mm, Length:60 m)
Flow rate 1.2 ml/min
Detector MSD(mass selective detector)

Split ratio splitless
Injection temperature 250C
Detector temperature 250C

Column temperature

40°C(2 min) - 10°C/min - 220C(10 min)
total run time 28 min

ot =et=d MEfo] ME =2 - FEA 4 #a 24
(Equation 4)

log Pow = logl0(C octanol/C water)

Pow: n-28H&/& HuljAl4

C: n-S&y &3 = 849 5%

3.AIEEN
A LA} o3t AFZ = Version 12.01 SPSS F4
ZI(SPSS Inc., USA)S o]&3te] EA351c).

hva

AT =7 - 35 549 Aol iR &
AHEA(ANOVA)S AAJetgon, RE Aibes Wi
&, o BEULGE YRy
1. i1 A nt
e A, 8, VP, ehd ) LEL 5= 5743510
Table 3] LtefuiSict.
olE Bl - 3oty B4L BT 38
gfofl whet Fofet 54 Apeolg Bl B= Ao 4
Qo] 24 DMFE 153.0C, MEK$} TOLS -7}

80.0C2} 110°Co]2l=1], DMF7} MEK(DM)$} TOL
O &3td ol F= A2 FstA Rolxl ¥t
H, MEK®} TOL9| #+= A2 =ol4 thp<0.001). H]
Z% thol =2 DMF(0.948 g/ml), MEK(0.805 g/ml)e}
TOL(0.864 g/ml)2.t} MEK E= TOL¥} £3}% DMF

Table 3. Experimental determination for physico-chemical properties of chemicals

Chemicals BP(C) SG(g/ml) rVP(kPa) FP(C) LEL(%) Value
Single
DMF 153.0 0.948 0.93+0.15° 58T 2.2% Ref.(SigmaAldrich)
MEK 80.0 0.805 21.63+0.15° -3.0 1.8 Ref.(SigmaAldrich)
TOL 110.0 0.865 6.8740.21° 4 1.2 Ref.(SigmaAldrich)
Mixture
DMI1 114.4+0.44 0.904+0.0001 8.40+0.10 12.29+0.298 2.627+0.040 Experimental
DM2 102.9+0.07 0.881+0.0001 10.90+0.17 6.14+0.298 2.310+0.046 Experimental
DM3 93.8+0.15 0.857+0.0006 14.57+0.12 1.64+0.271 2.027+0.025 Experimental
DT1 127.9+0.10 0.925+0.0004 4.07+0.06 21.09+0.012 2.033+0.042 Experimental
DT2 123.7+0.35 0.913+0.0002 4.87+0.06 18.07+0.465 1.733+0.015 Experimental
DT3 118.4+0.32 0.898+0.0004 5.80+0.10 13.32+0.321 1.470+0.010 Experimental
DMT 103.5+0.10 0.878+0.0003 10.43+0.15 6.02+0.515 1.810+0.017 Experimental
p value 0.000 0.000 0.000 0.000 0.000

§Experimental values; BP, boiling point; SG, specific gravity; rVP, reid vapor pressure; FP, flash point; LEL, low explosin limit; DMF,
dimethylformamide; MEK, methyl ethyl ketone; TOL, toluene; DM1, DMF+MEK=1.0:0.5; DM2, DMF+ MEK=1.0:1.0; DM3,

DMF+MEK=0.5:1.0; DTI,
1.0:1.0:1.0. Ref, reference
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Table 4. Determination of octanol/water Partition coefficient of chemicals

Chemicals DMF MEK Toluene
Single -1.01+0.08 0.31+0.02 2.45+0.09
Combined

DM1 -1.06+0.06 0.27+0.02 -

DM2 -1.09+0.04 0.28+0.01 -

DM3 -1.09+0.02 0.29+0.01 -

DT1 -1.08+0.08 - 2.24+0.02
DT2 -1.09+0.06 - 2.33+0.02
DT3 -1.09+0.03 - 2.40+0.03
DMT -1.10+0.03 0.29+0.02 2.25+0.01
F value 0.923 13.688 2.531

p value 0.515 0.000 0.106

DMF, dimethylformamide; MEK, methyl ethyl ketone; DM1, DMF+MEK= 1.0:0.5; DM2, DMF+MEK=1.0:1.0; DM3, DMF+MEK=0.5:1.0;
DT1, DMF+ TOL=1.0:0.5; DT2, DMF+TOL=1.0:1.0; DT3, DMF+TOL=0.5:1.0; DMT, DMF:MEK:TOL= 1.0:1.0:1.0

'L“)Oﬂ Ebj«} @At %% E%‘M
DMFX 0.93+0.15 kPa, MEK:= 21.63+
kPa, TOL-S 6.87+0.21 kPao|%li=t|, DMF2}
MEK %= TOLY} £3513S 7459 DM39] rVP=
14.57+0.115 kPa, DT3%= 5.80+0.100 kPa 12|31 DMT
L 10.43£0.153 kPaz ZAE|9lon T3HEO] rVPE
MEK®} TOL®] E3u|gof oEAQl Ao et
o} QIsHd I LELS] Aol #&= A, HS E rVP
oA uehd Ao} wigh Ao AuE W
(Table 3). Pow®] 7%, DMF9} TOL-S 228 gj(ghad
E= EFE)0] e ZpolE HolA] Agtoy tdE
A MEK 2] Pow= 0.31£0.020] 3=t DMF$} &3}g]
WA FOJ8HAl FraE e 40 Hri= DMF9
=oHlE oEF o3l thTable 4). =7 - 3}3H4 54
A BAT A #e d2 ¥E0=0.979,

p<0.0D)3} {18} (r=0.992, p<0.01), H]F> ¢1ehd

Table 5. Correlation between physico-chemical properties

Physico-chemical properties SG FP rVP
BP  0979° 0.992° -0.988
SG 0.980" -0.955"
FP -0.968"
*p<0.01: BP, boiling point; SG, specific gravity; FP, flash

point; rVP, reid vapor pressure
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(r=0.980, p<0.01)a} <Fo] AHIAE Hel Wi, rVP
L ;L H=0.988, p<0.01), H]Z(=0.968, p<0.01)
g ¢15H(1=0.980, p<0.01)} 29 AHAAE H3
tH(Table 5).

v. &
H 3143 DMF, MEK, TOL &3, DMF2}
MEK, DMF&} TOL, 12]3L o] & 37}%] &Zo] &3

5 Fejol whet el - 55k S4o] folat Aol S
BT Apole] Fmi MEKS} TOLY Ehu]&of
oEAQl Ao eyt oled Ane ZEAE
o) o B4 A S 20 Yool w2t
St MRgeo] AE Aol e A oA
279 4?& AH B4 g

gl

L)
1=}
i) E
ot
i
i
o
921
ﬂilo ﬂil
oo
X o
Pm

d
=

g
flo

i o
o
e o 2
)
1o

£ X rﬁ T oox
o,
HE
=)
o
o
v
iC)
ox
il
N L

& Roy, 2014, Lang et al., 2014).
serEe) ke o, 4%, B9 24 % E

FEAY FF S 22 AP2AY BYY B,

Journal of Korean Society of Occupational and Environmental Hygiene, 2014: 24(2): 238-245



o
0x
H
1o
)
B
1154
2
=
t
il
o
rr
e}
<
n
<
m
x
_|
o
C

1)

3

D

1o
L
e
=
ok
o
Mo
1}
o
au
2
a
!l
THo
L)
or
I
i
am
0x
|'E
lor
N
N
w

Pow, &= A, QI3Hd, 71 5 22 1§/ &
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2 o)A} 818HE1 ¢l DMF, MEK 2 TOL ¢
A A 2 A e ofy e} T RO Aol A e
AHEE= S0t DMF= 543 vlSA4=dd &
BoflEm, YHor 3 F7|gE 7R o
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2006).
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