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Properties of Gel-like Compounds Containing Flammable Solvents
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Abstract : Gel-like compounds containing flammable solvents were prepared to use for cleaning agents in field of
innovative industries and general purposes. And experiments were conducted to improve the defects of liquified
flammable solvents from the view point of safety and health hazards. Flammable solvents used in this study were several
single component flammable solvents(turpentine oil, N-methyl-2- pyrrolidone(NMP), d-limonene) and multi component
flammable solvent(gasoline and ethanol). For gelation of flammable solvents, commercially known as Aerosil® 200 fumed
silica and triethanolamine(TEA) were used as gelation agent, dispersant. The analyses on properties of gel-like compounds
was studied by gelation and viscosity test, pH test, volatility test and differential scanning calorimetry(DSC) measurement.
The experimental results indicate that gel-like compounds containing flammable solvents have pH stability, high viscosity,
volatile organic compounds(VOC) control by the decrease of volatility and odor component generation, fluidity control
etc. From the experimental values, it can be predicted that the safety in the working place is improved by manufacturing
flammable solvents into gel-like compounds.
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Fig. 1. Schematic illustration of two possible processes that
can occur in the case of silica particles dispersed in a
liquid.
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Fig. 2. Schematic of gelation process.

TEAS TAF IW(%)Z B7}8 oA gelation
agent®] FFS wi(%)H H) 10w(%)7H2] S7H
7dA  Bdetn,  eiguldl =it Homomixer
(HM-200, Young Ji Hana)Z ©oF 3,000 ~3,500rpm}
&5 2 WY A gel compoundS |33} Th

32. pH - viscosity 2! volatility S4 AlH

A3} |A9 gelationol] 2|3 pH W &HE A5
31X} Cyberscan 510 pH meter(Eutech Instrument)E
o g3t FlEo] o8 FHEA F AER AR
9] BEFddd AAs Fo)A 2% o)} FAHY
% b4 pHEte 343a

A 2L zb gaulo w2 sampled I
2 viscometer(Brookfield DV-IIHE ©]-8-3}e} 60rpm
o= T AE ARG F FHAYOH, AL 5
A AP A 84 F HH o) JElR gelation
= sampleS 747} S5go 2 AF3E F 30T 25 =
ZAelA g% 2(PMO-400, (—r)%%ﬂ"%') o]-&
3o 10min 7HHoE lhrESt AlIZE W3l
weight lossE =435t

33. DSC 54 AlE

Geld <134 £4 compoundS A|23}o] gelation
AFeo] Ao Zo] 2§ u]HT crosslinkingo]
= gel networke] <FAAlC) gk FES 48]
98} £-&&% 10°C/minE nitrogen purging =73 A
DSC(DSC-822¢, Mettler Toledo Ltd)Z4-& 3t

Journal of the KIS, Vol. 18, No. 3, 2003



Gel¥ ¢l5td 28 Compounde| SM

4. A¥dx

4.1. Gelation ¥ viscosity 4

7} ghgnlo] w2 gel compound®] HE W3}
W pel P& DA AT Table 29} Zo) TUA
QA5 A I E Q13 84l 25 gelation
agent ko]l BAIQlo] gelo] AU, FUA
T 98] 8419 35 Fig. 33 2o} turpentine oil
9] 7-$- gelation agent®] $3F 6wi(%) o] A}ollA 10
= 548 Jelidk B8 1wt(%) 8-S FA8)
WAl NMP, d-Limonene =08 X gko] turpentine
oild] 28s= AEFE HeEST

ThY R Qshg Al viscosiy® HHE F W
4R A5 $4 F M 95T 5498 Ueha

o]

turpentine oil¥} ¥] %t A¥} Fig. 49} o] viscosity
arvert Aoild o2 Sk 719712 A5 e A
£ H}). 3} turpentine oil gelation agent 33k

Table 2. Gelation of single component flammable solvents

Aerosil® 200

Turpentine . Gasoline

ml:ilt NMP  |d-Limonene /Ethanol
Sample 1 O Q. Q 0O
Sample 2 O [¢] O O
Sample 3 O O O O
Sample 4 ¢} O O O
Sample 5 O O O O
Sample 6 O O O O
Sample 7 e} 0O O e}
Sample 8 0] O O O
Sample 9 O o} o} O
Samplel0 O [¢] (¢} O

=) O: Formation of gels

10000
—&— Turpentine oil
—=— NMP
8000 ~a— d-Limonene

-

a

L 6000

=

@

<1

8 4000

2

2000

o1 2 3 4 5 6 7 8 9 10
Gelation agent concentration(wt%)
Fig. 3. Comparison of viscosity characteristics as single
component flammable solvents.
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Fig. 4. Comparison of viscosity characteristics (turpentine oil
vs. gasoline/ethanol).

Table 3. Comparison of pH average before gelation and after

gelation
Before gelation After gelation
(raw material) (gel compound)
Turpentine oil 6.6 6.1
NMP 6.4 6.4
d-Limonene 54 5.8
Gasoline+ethanol 6.0 8.0
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