
  

 

Abstract—N-methyl 2-pyrrolidone (NMP) is applied as a 

solvent in 1,3-butadiene (BD) extraction plants. The solvent, 

which is circulated through the unit, is regenerated in a solvent 

recovery unit. The wastes of solvent recovery unit contains at 

least 50 wt% NMP which is generally disposed. The recovery of 

NMP from this waste for reusing in the BD purification plant 

was studied in the present research by experimental methods 

such as dissolution, coagulation, and distillation. A purified 

NMP with the concentration of 99 wt% could be obtained. In 

addition, the process was scaled up for manufacturing and 

installing in the BD extraction plant. 

 

Index Terms—NMP, solvent recovery, BD extraction plant, 

dissolution, coagulation, distillation. 

  

 

I. INTRODUCTION 

1,3-butadiene (normal boiling point: –4.4° C, liquid 

density at 20°C: 611 kg/m
3
) is a colorless, non-corrosive gas 

with mild aromatic or gasoline-like odor [1]. It is accounted a 

major product in petrochemical industry and an important 

feedstock as a co-monomer in the production of rubbers and 

plastics such as styrene butadiene rubber, polybutadiene 

rubber, and styrene butadiene latex [2]. 1,3-Butadiene, which 

is a major fraction of C4 mixtures as the by-product of 

naphtha cracker units, should be purified before using in the 

polymerization processes. In general, C4 mixtures include 

butanes, butenes, 1,2-butadiene, 1,3-butadiene and 

acetylenes, etc. Due to formation of several azeotropes, very 

close boiling points and low relative volatilities of these 

components, the separation of 1,3-butadiene from C4-cut is 

not possible by conventional distillation [3]. The separation is 

then performed by extractive distillation, in which a miscible, 

high boiling, and relatively nonvolatile solvent is used having 

no azeotrope with the other components in the mixture. 

Interactions of solvent with the components of original 

mixture lead to alter their relative volatilities [4]. The C4 

components in the feed have distinct solubilities compared to 

1,3-butadiene in some solvents such as acetonitrile (ACN) [5], 

dimethyl formamide (DMF) [5], [6], and 

n-methyl-2-pyrrolidone (NMP) [7]. 

The consumption of ACN and DMF is restricted due to the 
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toxicity of ACN and hydrolysis potential of DMF into 

corrosive formic acid during the distillation process [6], [8]. 

The ideal properties such as high selectivity, low vapor 

pressure, stability, and proper solubility for acetylenes make 

NMP a superior solvent for BD purification [9], [10]. In 

addition, it has been reported that 1,3-butadiene extraction 

process using NMP can reduce the initial equipment cost and 

heat duty because of lower operating pressure and 

temperature [11]-[13]. 

Butadiene unit in Jam petrochemical company located in 

Asaluyeh region produces annually over 100,000 metric ton 

of BD using NMP as the solvent. The circulated solvent is 

regenerated in a solvent recovery unit. The drained waste 

from the solvent regeneration unit is a viscous liquid and 

contains at least 50 wt% NMP. Since 65-90 ton of fresh NMP 

is used yearly as the make-up in the BD plant, any effort to 

recover NMP from the waste can significantly reduce the 

consumption of fresh solvent in the BD extraction plant [14]. 

The current research aims to recover NMP content in the 

waste of the solvent recovery unit. 

 

II. EXPERIMENTAL 

The feed used in the experiments was sampled from 

bottom of the regeneration unit. Analyzing the feed by HPLC 

reveals a content of 45 to 85 wt% depending on the operating 

pressure of the regeneration unit. The sample used in the rest 

of experiments has a NMP content of 46.7 wt% (Fig. 1a) with 

a dark color and high viscosity. 

A. Dissolution 

Solvents such as butanol, octanol, n-heptane, and water 

were applied for dissolution of NMP feed. The solvent to feed 

proportion was kept constant in a ratio of 2:1 for all the 

experiments. The mixtures were filtered in order to separate 

the undissolved part after stirring for about 3 h. The effects of 

dissolution parameters such as the number of stages and 

temperature on dissolution efficiency were investigated. 

NMP dissolution efficiency, η
N
, and total dissolution 

efficiency, η
T
, are calculated by following equations: 

(1) η
N

=
(NMP conc.)filterate [wt%]×filtrate weight [g]

(NMP conc.)
sample

[wt%]×sample weight [g]
×100 

(2)              η
T
=

filtrate weight [g]

sample weight [g]
×100 

B. Coagulation 

The coagulation experiments were performed using some 
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coagulants such as CaCl2, Al(OH)3, Ca(OH)2, and 

Polyacrylamide (PAM) with a constant loading of 2 wt%. 

The process was conducted for 2 min at stirring speed of 200 

rpm, and for 5 min at stirring speed of 20 rpm. The formed 

flocs were allowed to settle for 30 min and then separated 

from the solution by filtration [15]. Then the filtrates were 

analyzed by HPLC. 

C. Distillation 

Distillation process was applied for separation of solvent 

from NMP. The operating pressure of the process i.e. 

atmospheric or vacuum was selected according to volatilities 

of the sample components. 

D. Analysis 

High performance liquid chromatography (HPLC) 

technique was applied for analysis of the samples to 

determine the NMP concentration. The HPLC equipment 

(SCL-8A/LC-8A/FCV-100B/SPD-6AV, Shimadzu) was 

provided with a Nucleosil–100–5-C18 column 

(250×4.0mm+5×4.0mm) employing UV detector at 

wavelength of 214 nm [16]. A solution of water and 

acetonitrile (40:60) was used as the mobile phase and the 

flow rate was controlled at 1.0 ml/min. The retention time of 

NMP is 3.3 min at these conditions. 

 

III. RESULTS AND DISCUSSION 

A. Dissolution Tests 

Among the solvents tested in the dissolution experiments, 

butanol and octanol were found to be improper due to nearly 

total dissolution of the feed and lack of selectivity for NMP. 

Their total and NMP dissolution efficiencies are listed in 

Table I. 

n-Heptane as a non-polar solvent was applied in the 

dissolution test at ambient temperature. The total dissolution 

efficiency of feed in the n-heptane was determined as 22 wt%. 

The chromatograms of feed and dissolute filtrate are shown 

in Fig. 1. As it can be seen in Fig. 1(b), the solute is mainly 

consisted of NMP with minor other impurities. This shows a 

good selectivity of n-heptane for NMP with low extraction 

efficiency. In order to improve the efficiency of NMP 

extraction, the number of dissolution stages and temperature 

were altered and their effects were investigated. The results 

are shown in Table I. 

As the solubility of NMP in n-heptane is increased by 

temperature [17], the dissolution was performed at 100˚C. 

Although the total dissolution was increased remarkably by 

increasing temperature from ambient temperature to 100˚C, 

the NMP dissolution efficiency did not change significantly. 

For instance, the total dissolution efficiency at first stage 

increases 77% by increasing temperature while the NMP 

dissolution efficiency enhances about 25%. As seen in Table 

I, the NMP dissolution efficiency increases from 15.7 to 

35.1% by increasing the number of stages to three. 

In dissolution experiments with water as a polar solvent, 

31.4 wt% of feed was dissolved containing 65.2 wt% of total 

NMP. In comparison to n-heptane, water has a better 

efficiency and worse selectivity. In order to improve the 

efficiency and selectivity, the effect of water pH was 

investigated. The HPLC chromatograms of filtrate after 

dissolution in water are illustrated in Fig. 2, and the 

efficiencies are listed in Table I. As it can be seen, the 

efficiencies in either basic or acidic conditions are slightly 

higher than those in neutral conditions. The higher total 

efficiency corresponds to lower selectivity. In addition, since 

a foreign compound is required for pH adjustment in 

acidic/basic conditions, the neutral dissolution is preferred. 

 

Fig. 1. HPLC chromatograms of (a) feed and (b) filtrate after dissolution in 
n-heptane. 

 
TABLE I: NMP AND TOTAL DISSOLUTION EFFICIENCIES FOR DIFFERENT 

SOLVENTS 

Solvent 
Dissolution 

conditions 
Stage No. ηN (%) 

ηT  

(%) 

Butanol Ambient temp. one stage 100 100 

Octanol Ambient temp. one stage 85.8 76.4 

n-Heptane 

Ambient temp. 

1st stage 17.6 22.0 

2nd stage 13.5 9.7 

3rd stage 12.9 3.7 

Overall 35.1 36.5 

100˚C 

1st stage 22.1 39.1 

2nd stage 23.9 38.8 

Overall 35.7 71.3 

Water 

Neutral, 

ambient temp. 
one stage 65.0 31.4 

Basic, ambient 

temp. 
one stage 76.1 43.4 

Acidic, ambient 

temp. 
one stage 77.8 43.5 

 

Although n-heptane has higher selectivity for dissolving 

NMP than water (Fig. 1), water was selected as the solvent 

for further experiments because: 

 The NMP dissolution efficiency by n-heptane in 3 

stages is 35.1% while this value for water in one stage is 

about 65%. 

 n-Heptane is considered as an external compound that 

should be removed from the recovered NMP. Although 

it can be separated by distillation, a complete separation 

is almost impractical.  

6.4 wt% NMP 
 

46.7 wt% NMP 
 

(b) 

(a) 
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 The high volatility of n-heptane increases the 

environmental hazards and operation difficulties. 

 

Fig. 2. HPLC chromatograms of filtrates after dissolution in (a) neutral, (b) 

acidic, and (c) basic water. 

B. Coagulation Tests 

Fig. 3 shows the HPLC chromatograms of filtrates after 

coagulation experiments by different coagulants. As seen in 

the figure, among the coagulants, Fe2(SO4)3 represents the 

best performance for removal of impurities. The impurities 

are separated from the solution mainly as scum. 

C. Suggested Process 

Based on the experimental results for NMP recovery and 

by considering technical and economic aspects, a procedure 

was adopted for recovering of NMP from waste of solvent 

recovery unit. The suggested process flow diagram is 

illustrated in Fig. 4. 

According to this process, the waste of solvent 

regeneration unit of BD plant is first dissolved in water. In the 

second step, Fe2(SO4)3 is added to the feed solution and 

agitated. The mixture is allowed to settle. The precipitations 

and flocs are removed by filtration through strains where the 

filtrated solid are collected and disposed. The filtrate solution 

is then conducted to a vacuum distillation column, in which 

NMP is separated from water and other dissolved impurities. 

The HPLC analysis of recovered NMP based on the 

suggested procedure in lab scale yielded a purified product 

containing about 93 wt% NMP and 7 wt% water. The product 

obtained from the above process is suitable to be applied 

directly in the BD plant. 

 

 

 
Fig. 3. HPLC chromatograms of filtrates after coagulation experiments by (a) 

CaCl2, (b) Al(OH)3, (c) Fe2(SO4)3, (d) Ca(OH)2, and (e) PAM coagulants. 

18.7 wt% NMP 
 

(b) 

18.9 wt% NMP 

 

(a) 

18.7 wt% NMP 
 

(c) 

20.4 wt% NMP 

 

(a) 

18.6 wt% NMP 

 

(b) 

21 wt% NMP 

 

(c) 

18.5 wt% NMP 
 

(e) 

23.3 wt% NMP 

 

(d) 

(c) 

21.0 wt% NMP 

 

(c) 
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Fig. 4. Suggested flow diagram of NMP recovery process. 

 

IV. CONCLUSION 

NMP was recovered from the waste of NMP regeneration 

unit in the BD plant by different experiments. Based on the 

experimental results and considering different aspects, an 

economic and eco-friendly procedure was suggested 

comprising water dissolution, coagulation, and vacuum 

distillation processes. The results obtained from the 

experiments based on the suggested procedure in a lab scale 

confirmed that the product is suitable to be applied directly in 

the BD plant. 
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