
INTRODUCTION

Ionic liquids are compounds that are completely composed

of ions and are liquid at or close to room temperature. With the

continuous efforts of some chemists, ionic liquids have not

only become increasingly popular as reaction and extraction

media in research and development, they have also widely

been promoted as "green solvents". Moreover, for the econo-

mical and ecological reasons, ionic liquids nowadays are very

fascinating to the researchers from a wide variety of fields,

especially the area of organic synthesis1, environmentally

benign solvents2,3, reaction media4,5, catalysts6, electrolytes7,

lubricants and others. This is due to the unique properties of

ionic liquids, such as negligible vapor pressure, relatively high

conductivity, high thermal and chemical stability, non-

flammability and reduced friction. However, no large scale

commercial application of ionic liquids has been reported,

probably due to the high costs and the unavailability of ionic

liquids in large volume.

Currently, ionic liquids are mainly produced in batch

reactors. The synthesis of ionic liquids, such as 1-butyl-3-

methylimidazolium bromide, is highly exothermic in the

alkylation and the alkylation kinetics is often dramatically fast8.

It is reported that high temperature had a detrimental effect on

the quality of the obtained ionic liquids9. Therefore, an efficient

removal of released reaction heat is crucial in order to improve

the purity of ionic liquids. Since heat generation rate is the

product of reaction rate and intrinsic reaction heat, one way to

control the temperature in a highly exothermic reaction is to

slow it down. The decrease of reaction rate can be achieved
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by diluting the reactants with solvents and/or slowly adding

one of the reactants to the reaction mixture. For the production

of ionic liquids in a batch reactor, large quantity of organic

solvents, such as 1,1,1-trichloromethane, ethanol and THF,

are often used to dilute the reactants. Nevertheless, it is often

necessary to add the reactants slowly to avoid hot-spot forma-

tion and to ensure a narrow operational temperature window.

The use of large solvent volumes gives a rise of costs and

possibly pollution and a slow addition of reactants lead to very

long processing times (hours or even days). Therefore, a

solvent-free synthesis system with enhanced heat transfer is

highly desirable.

The application of microsystems for chemical and

biological reactions was discussed at a workshop in 1995 in

Mainz (Germany), which can be seen as the starting point for

worldwide development10. Recently, several groups reported

the syntheses of ionic liquids in micro-channeled reactor

systems11,12. Microstructured reactors are reactors with three-

dimensional structures, the inner dimensions of which are

under a millimeter in size and more specifically between ten

and a hundred micrometers. Therefore, it follows that the main

feature of these reactors, in comparison to conventional chemical

reactors, is the high surface-area-to-volume ratio. Specific

surface areas of micro-structures lie between 10000 and 50000

m2m-3, while those of traditional reactors are generally about

100 m2m-3 and in rare cases reach 1000 m2m-3 13. Since the

heat-transfer coefficient is inversely proportional to the channel

diameter, a value on the order of 10 kW m2 K-1 is obtained14,

which is significantly higher than for traditional heat exchangers.

This high heat-exchanging efficiency allows for fast heating
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and cooling in reaction mixtures within the microstructures

whereby reactions under isothermal conditions with exactly

defined residence times can be carried out15. The development

of hot spots or the accumulation of reaction heat within

microstructures is suppressed so that undesirable side reactions

and fragmentations are hindered. The outcome in many cases

is higher selectivity, yield and product quality. Thus, micro-

structured reactors can be used to great effect for fast and/or

strongly exothermic or endothermic chemical reactions16.

In the present paper, we report a convenient method to

synthesis ionic liquid 1-butyl-3-methylimidazolium bromide

([BMIM]Br) by micro-reactor system. The influence factors,

such as residence time, molar ratio of reactants and reaction

temperature to the conversion rate were investigated.

EXPERIMENTAL

As a representative reaction in the synthesis of ionic

liquids, the butylation of methylimidazole [MIM] with 1-

bromobutane [BrBu] to yield [BMIM]Br, was chosen as an

instructive example for the kinetic study. The reaction equation

is as follows:

Br N N N +
N

Br
-

+

[BrBu] [MIM] [BMIM]Br

[MIM] and [BrBu] are of AR grade and used without

further purification. As reference substance, [BMIM]Br was

obtained from Shanghai Meisibei Co.

The setup of the microchannel reactor is shown in Fig. 1.

It consists of two pumps, two preheating tube coils, one SIMM-

V2 micro-mixer (IMM Mainz, Germany) with a standard

mixing channel of 45 × 200 µm2 and a total inner volume of

8 µL (Fig. 2)17, and a loop tubular reactor (1.80 mm in inner

diameter and 1.13 m in length). The preheating tube coils, the

mixer and the reactor were emerged in a circulating oil bath

(volume: 40 L). The temperature of the oil bath was kept

constant during the reaction. The advantage of our set-up lies

in the fact that the reactants are preheated separately and thus

the reaction is triggered at the desired temperature when they

meet in the micro-mixer. Because the retention time in the

mixer is in the milliseconds range, the reaction proceeds mainly

in the tubular reactor. We measured the temperatures at the

outlet of the micro-mixer and in the middle of the tubular reactor.

The measurement at nearly complete conversion indicated that

only 0.8 °C temperature difference was observed. It is therefore

assumed that the reaction takes place at nearly isothermal

conditions, which is in accordance with the prediction of the

modeling from Waterkamp et al.18.

Because the butylation reaction continues slowly at room

temperature, a long delay until analysis will cause a falsification

of the experimental results. Therefore, a sample treatment and

a fast analysis is essential to ensure valid kinetic data. Since

[MIM] and [BrBu] are non-ionic whereas [BMIM]Br is ionic,

we developed a fast method of determining the conversion.

The procedure is based on the titration of Br- in the reaction

mixture, which indicates the conversion of [BrBu] by the

T T
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[MIM]

1

1

2
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3
4 4
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1. Syringe pump;  2. preheating coil; 3. micromixer;  4. delay pipe

Fig. 1. Schematic diagram of the micro-structured reactor system

Fig. 2. Photo (left) and the schematic diagram (right) of SIMM-V2 micro-

mixer (source IMM)

 Volhard titration method. A series of "standard" solutions at

given [MIM] conversions (x[MIM]) were prepared by mixing

[MIM], [BrBu] and [BMIM]Br. The product containing

[BMIM]Br was collected at the outlet of the tubular reactor.

1 mL of the product was immediately dissolved in 1 mL ethanol

and then Br- concentration in the solution was determined as

follows: 0.1 mL of the solution, 10 mL AgNO3 aqueous solution

(0.053 M), 10 mL NH4Fe(SO4)2 aqueous solution (0.2 M) and

10 mL HNO3 aqueous solution (3.2 M) were added to 70 mL

de-ionized water giving a white suspension. 0.0353 M NH4SCN

was used to titrate the above suspension until the Fe(SCN)3

precipitate (red colour) was formed. Our preliminary investi-

gation showed that no byproduct was detected, implying that

one mole Br- is formed when one mole [MIM] is converted in

the synthesis. Thus, x[MIM] can be determined from the titration

volume (V):

 
)](2/[1.0

10M)V0353.010053.0(
x

]BrBu[]MIM[]MIM[]MIM[

3

]MIM[

]MIM[
ν+νν×ρ

××−×
=

−

(1)

where ν[MIM] and ν[BrBr] are the volumetric flow rates of [MIM]

and [BrBu], respectively; M[MIM] is the molar mass of [MIM]

(82.1) and ρ[MIM] is the density of [MIM].

RESULTS AND DISCUSSION

Fig. 3 shows the variation of methyl imidazole conversion

with molar ratio of 1-bromo butane to methyl imidazole. When

the molar ratio was 1, the methyl imidazole conversion was

approximately 90 %. When the molar ratio icreased to 1.05,

the methyl imidazole conversion increased to more than 98 %.

With further increase the molar ratio, the conversion showed

no obvious increase, indicating the optimal molar ratio was

1.05 for this micro-reactor system.

Fig. 4 shows the variation of methyl imidazole conversion

with reaction temperature. When the reaction occurred at

100 °C, the methyl imidazole conversion was 94 %. When the

reaction temperature increased to 105 °C, the methyl imidazole

conversion increased to the maximum, more than 98 %. However,
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Fig. 3. Variation of methyl imidazole conversion with molar ratio of 1-

bromo butane to methyl imidazole (temperature :105 °C, residence

time: 3.2 min)
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Fig. 4. Variation of methyl imidazole conversion with reaction temperature

(molar ratio: 1.05, residence time: 3.2 min)

with further increase the reaction temperature, the conversion

decreased obviously. The conversion was lower than 90 %

when the temperature was 120 °C. This may be due to the low

boiling point of 1-bromo butane, 102 °C. In this reaction

system, due to the especial structure of reactor, two liquid

reactants mixed quickly and then form the ionic liquid

[BMIM]Br. However, when the reaction temperature was much

higher than the boiling point of 1-bromo butane, the 1-bromo

butane bubbled up in the preheating tube and became the gas

phase. Therefore, when the gaseous 1-bromo butane mixed

with liquid methyl imidazole in the reactor, the mixing effect

was much poor than that of liquid-liquid mixing. Thus, the

methyl imidazole conversion decreased obviously.

Fig. 5 shows the variation of methyl imidazole conversion

with residence time. The residence time was calculated

according to the corresponding residence tube length, molar

ratio and feed rate. It is shown that when the residence time

was 1.9 min, the conversion was more than 90%, indicating

the high mixing effect of SIMM-V2. Because in the conven-

tional method, it will take more than 10 h to convert more

than 90 % methyl imidazole9. With further increase the
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Fig. 5. Variation of methyl imidazole conversion with residence time (molar

ratio: 1.05, reaction temperature: 105 °C)

residence time, the conversion further increased. When the

residence time prolong to more than 3.2 min, the conversion

showed no further increase. This indicated that the optimal

residence time was 3.2 min.

Based on the above result, the optimal reaction condition

was molar ratio of 1:1.05 (1-bromo butane to methyl imidazole),

residence time of 3.2 min and reaction temperature of 110 °C.

Therefore, the ionic liquid [BMIM]Br was synthesized under

optimal condition. The obtained product was distilled

under vacuum. The H1 NMR result of obtained ionic liquid

[BMIM]Br was shown in Fig. 6. Nine peaks were shown in

the result of H1 NMR. The peak located at 7.282 was attributed

to the solvent Chloroform-d (CDCl3). The other eight peaks

belonged to the product [BMIM]Br. No reactant was detected

in the H1 NMR. Fig. 7 shows the photo of obtained ionic liquid

[BMIM]Br under optimal reaction condition. The obtained

product was white crystal, indicating the purity was extremely

high. Therefore, based on the above conclusion, this is a

convenient and fast method to synthesis ionic liquid [BMIM]Br

using micro-channel reactor.

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 10.5 10.0 ppm

Fig. 6. H1 NMR of obtained ionic liquid [BMIM]Br (synthesis condition:

1:1.05, 105 °C, and 3.2 min)
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Fig. 7. Photo of obtained ionic liquid [BMIM]Br (synthesis condition:

1:1.05, 105 °C, and 3.2 min)

Conclusion

A microchannel reaction system, mainly consisting of a

micromixer and a tubular reactor was used to investigate the

synthesis of the ionic liquid 1-butyl-3-methylimidazolium

bromide ([BMIM]Br). The investigation results showed that

the optimal synthesis condition was molar ratio of 1:1.05 (1-

bromo butane to methyl imidazole), residence time of 3.2 min

and reaction temperature of 110 °C. Compared with the

conventional method, this method decreased the reaction time

greatly. Besides, the H1 NMR result indicated that the purity

of obtained product was extremely high.
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