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Thesis Title Effect of Temperature and Pressure on Used Hydrocarbon Solvent

Recovery by Vacuum Distillation
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Academic Year 2018
ABSTRACT

Recently, hydrocarbon solvents were widely used, especially in industrial plants for cleaning
machinery in a production process. Hydrocarbon solvents were used at the rate of around 50,000 tons
per year. Normally, used hydrocarbon solvents were incinerated at 800 — 1200 °C, causing pollution
in the global environment.

The study aimed to investigate a recovery process of used hydrocarbon solvents by means of
vacuum distillation. The effects of temperature (140, 150, 160 and 170 °C) and pressure (13, 15, 20,
25 and 30 kPa) on the percent of yield, purity and economic values were examined to find the optimal
conditions for the recovery process.

The results showed that when a distillation process had high temperature and low pressure,
the percent of yield and the purity of distilled solvents were increased. The condition of 170°C,
13 kPa resulted in 77.18 % of yield and the purity of C,,, C,; and C,, at 98.51 , 88.66 and 55.43 %,
respectively. When the pressure was increased, the percent of yield and the purity of distilled solvents
tended to decrease. In terms of economic values, the recovery process of solvents was more

worthwhile than the conventional waste management.

Keywords: hydrocarbon solvent, vacuum distillation, waste management, recovery, economic

evaluation
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Condition Parameter Condition Parameter
Type of column HP-5 Carrier gas Helium (He)
Column Oven Temp. 75.0 °C Pressure 100.2 kpa
Hold time (1) 0.5 min Total flow 161.5 ml/min
Injection temp 250.0 °C Column flow 1.5 ml/min
Final temp 280.0 °C Purge flow 10.0 ml/min
Hold time (2) 5.0 min Split ratio 100.0
Injection mode Split
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Fourier Transform Infrared Spectroscopy (FT-IR)
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319 4.6 n31luaasalansy Function group voId11ay zanefinauld a) Ao #1aza1s HC
solvent original, b) Ao ﬂa"’uﬁ 13 kPa, c) Ao ﬂfﬁl“ﬁ 15 kPa, d) fo ﬂfﬁ!‘ﬁ 20 kPa, e) Ao ﬂﬁu‘ﬁ 25
kPa uag f) o nauil 30 kPa
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M15197 4.6 A319UAAIAT Carbon atom content (%) Vosdaza1eNnau 14 Tugan 2

AIazang % Carbon atom content (%)

Cp Cis Ci

EXXSOL D80 35.46 30.52 10.86
Mihazatennaula (13 kPa) 34.93 27.06 6.02
Fshazarennauld (15 kPa) 34.18 25.88 521
Mshazatennaula (20 kPa) 34.66 16.71 3.23
vhazaeiinauld (25 kpa) 30.84 16.92 3.24
vhazaeinau1d (30 kpa) 25.03 8.28 1.59

Ci Ci Cis Cu
PRIO N/~ )8 (0
1 . (e)

%L L@

‘L__AAJVL-MAMAA__—__A__.A —— (b)
AI_AJJ-«AMA A A___/\ kil I (a)

10 20 30 40
Time (min)
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gﬂﬁ 4.7 Chromatogram voadrazarennaula (a) A9 drazale HC solvent original, (b) Ao
AAUN 13 kPa, (c) 7D NAUN 15 kPa, (d) AD AAUTN 20 kPa, (¢) A NAUN 25 kPa LAz (f) Ao A
130 kPa
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M1919% 4.7 AT 19UTAIAT Y%Purity (%)maqmmazmﬂ‘nﬂaullmucyﬂm 2

MMazae %Purity (%)
CIZ C13 C14
Fihazatennaula (13 kPa) 98.51 88.66 55.43
Fshazatennauld (15 kPa) 96.39 84.80 47.97
Mshazatennaula (20 kPa) 97.74 54.75 29.74
vhazaeiinauld (25 kpa) 86.97 55.44 29.83
vhazaeinau1d (30 kpa) 70.59 27.13 14.64
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Effect of Temperature on Waste Hydrocarbon Solvent Recovery Process

Apiched Savasdipol!, Kiyoaki Ishimoto!, Natacha Phetyim?, Weraporn Pivsa-Art?,
Sommai Pivsa-Art'and Sumonman Niamlang'’

! Department of Material and Metallurgical Engineering, Faculty of Engineering,
2 Department of Chemical and Material Engineering, Faculty of Engineering,
* E-mail : sumonman.n(@en.rmutt.ac.th

Abstract— In manufacturing, a large amounts of solvents are used and is not treated in the most economic and
environmental friendly way. The important solvent is hydrocarbon solvent. Hydrocarbon waste solvents are incinerated at very
high temperature around 700-1200°C. High energy costs and pollutants from incineration process are limitations. To overcome
the limitations, scveral methods arc used to remove the contamination and recycle waste solvent. The recycling of used solvent
can be done by the reprocessing. reclamation and refining. The distillation is the most attractive method because of low cost
and environment point of view. The aliphatic hydrocarbon, EXXSOL D80, is the important solvent for cleaning steps in silicone
synthesis industry. The cost of new hydrocarbon solvent is 3,900 THB/200 L. The cost of wastc management is 160,000
THB/ycar. The cffect of vacuum distillation tcmperature (140, 150, 160 and 170 C) on recovery of waste hydrocarbon solvent
efficiency was studied. The purity of distilled hydrocarbon was confirm by FT-IR spectrophotometer and Gas chromatography-
mass spectrometer (GC-MS). The yield of distilled hydrocarbon and economic cost was calculated.

Keywords— Hydrocarbon solvent, Vacuum distillation, Recovery, Waste il Ec ic evaluati

1. INTRODUCTION The cffect of temperature on recovery purity and

efficiency was investigated. The chemical and economical

Recently, chemical industries such as automotive,
petrolcum, plastic, clectronic, chemical, rubber and
silicone are important industry for daily life product. In
chemical industry. hydrocarbon solvents were used for
cleaning process. Thus large amounts of used hydrocarbon
solvent are produced every day. In Thailand. hvdrocarbon
solvent consumer is 50,000 ton/ycar [1]. Normally used
waste was treated by elimination process. Elimination
process treated by burn with high temperature used waste
into gas. Thus CO> was produced by these process.

Aliphatic  hydrocarbon is the important
hydrocarbon solvent for cleaning process in chemical
industry. In this work. we focused on silicone production
process. For onc production unit, 200 L werc used for
cleaning process per day. The cost of aliphatic hydrocarbon
is 3.900 THB/200L for purchased and cost for disposal
around 160,000 THB/year |2].

In this work, the recovery of used waslic aliphatic
hydrocarbon by distillation was studied. There are many
type of distillations such as simple distillation. vacuum
distillation,  fractional distillation and membrane
distillation. Vacuum distillation was selected in this work
because low pressure can be increase rate of evaporation
and low cost for distillation proccess [3].
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cvaluation was interested. The suitable condition of
vacuum distillation will be discuss for the new selection of
used waste hydrocarbon trcatment.

2. METHODOLOGY
2.1 Material

EXXSOL D80, Dearomatized Fluids, Union
Petrochemical Public Company Limited was used as
reference hydrocarbon solvent. Waste solvent was received
from silicone production process.

2.2 Distillation Process

The residue silicone oligomer was firstly removed
from wasted solvent by filter (Nylon Monofilament Mesh
(NMO) was sizcd 80 pum).The 250 ml of filtratcd wastc
solvent was then placed into round-bottom flask 500 ml.
The round bottom flask on a heating mentle was heated.
The vacuum distillation was conducted at various
temperatures (140, 150, 160, 170°C) and pressure of 13
kPa by vacuum pump for 5 hours. The experiment set up
schematic diagram was shown in Fig 1.
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Fig.1 Schematic diagram of distillation process.

2.3 Characterization of distillated solven.

To confirm the successful of recovery process, the
functional groups of distilled solvent was characterized by
Fourier Transform Infrared Spectroscopy (FT-IR
spectroscopy, Perkin Elmer). The purity of distilled solvent
was determined by Gas Chromatograph-mass spectrometer
(GC-MS, GCMS-QP2020, Shimadzu). Distilled solvent of
0.05 %v/v was used. The condition of GC-MS is shown in
Table 1.

Table 1 The condition of GC-MS.

Condition Parameter
Type of column HP-5
Column Oven Temp. 75.0 °C
Hold time (1) 0.5 min
Injection temp 250.0 °C
Final temp 280.0 °C
Hold time (2) 5.0 min
Injection mode Split
Carricr gas Helium (He)
Pressure 100.2 kpa
Total flow 161.5 ml/min
Column flow 1.5 ml/min
Purge flow 10.0 ml/min
Split ratio 100.0

3. RESULT AND DISCUSSION

3.1 Distilled characterization

The functional group of distilled and reference
solvent was first investigated by FT-IR spectroscopy as
shown in Fig.2. The important functional group of aliphatic
hydrocarbon 2955.13, 2922.20 and 2854.08 cmfor C-H
stretching of alkane, 1458.08 cm™ for C-C stretching of
aromatics, 1377.65 cm™ for C-H bending of alkane and
722.59 cm’! for C-H bending of alkene, respectively [4].
The distilled solvent shows the similar peak as reference.
Thus the hydrocarbon solvent was successfully recovered
by vacuum distillation process.
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Fig.2 The functional group of (a) relerence and
Distilled solvent (b) at 140°C. (c) at 150°C. (d) at 160°C
and (c) at 170°C.

3.2 Effect of distillation temperature on % yield of
distillation.

To investigate the suitable condition for used
solvent waste recovery process. the vacuum distillation
process was conducted at 140, 150, 160, 170°C. The %
distilled solvent was determined and shown in Fig. 3.The
% yicld was incrcased with incrcasing distillation
temperature which corresponding to distillation theory was
explained about high temperature can improve the yield
and quality of substance. Generally, the maximum
permissible temperature in the vaporizing [urnace or heater
to which the feedstock can be subjected is 350°C although
temperature up to 390°C are known with suitable
adjustment of residence time in the hot zone to mitigate
cracking of fuel |5|. The temperature which is higher than
170°C will cause the severe condition for distillation of
hydrocarbon solvent because of molecular cracking was
occurred duc to carbon content of this solvent less than fucl
when the operation was used higher temperature than
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170°C we found color of solvent was changed vapor
pressure was reduced effected to the% yield was decreased
and increasing in cost for treatment waste solvent after
distillation and uscd a lot of power consumption.

‘When temperature were increased as a results of
Yyield of distillation was increased because temperature
affected to increase energy for breaking the bond. So waste
solvent were increased of temperature after that waste
solvent was produced more vapor pressure inside apparatus
under vacuum condition. The vapor pressure and
temperature  cffected to % yicld of distillation was
incrcased with increasing of (cmperature [6].

EZ3A pistillated solvent at 140°C
50 ] | B Distillated solventat 150°C
EES pistillated solvent at 160°C
BB Distillated solvent at 170°C

Yoyield (%)

2] 1924%

/

135 110 s 150 158 160 165 170 175

Temperature (°C)

Fig.3 %yield of distilled solvent at various distillation
temperature.

3.3 The purity of distilled solvent.

To determine the purity of distilled solvent. the
distilled solvent was characterized by GC-MS. GC
spectrum of distilled solvent was investigated and shown
in Fig.4 and the %content of Ci2, Ci3 and Cy4 is shown in
Table 2.

(a) Reference
— (b)At170°C

— (9)At160°C
— (@ Ar150%
| — (At 140°C

© A2 NN :

ﬂ

f ) Al Mw-uL BN\ Y

© AJA»M&J.\_A.J___
MWMW«,, A .
O e LA T TT £

w
S

5 6 7
Time (min)

Fig.4 GC spectrum of distilled solvent.
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Table 2 The %content of Cy2, Ci3 and C4 in distilled
solvent.

Solvent 0 %C'g:mt =
EXXSOLDS0 | 294 | 23.95 | 2504
SolvDel;Elllig"c) 2622 | 2206 | 1941
Solvem(ls00c) | 2712 | 2242 | 2044
Sohami(icosy | 2781 | 22mm | anss
. olvDellilt?lIgg“‘C) 871 | 23 | 2134

The %content of Cj», Ciz and Ci4 in distilled
solvent in Table 2 were characterized by GC-MS. The
carbon content of Ci2, Ci3 and Ci4 in distilled solvent at
170°C were compared and found highest content when
comparcd with distilled solvent at 140, 150, 160°C because
when the distillation was used temperature at 170°C
affected to increase energy for breaking the heavy fraction
bond. So %carbon content were occurred [7].

The %purity of distilled solvent was calculated
and compared with reference solvent. The purity was
determined. The %purity of C,» and C13 was increased with
increasing of distillation temperature. Whereas the %purity
of Cis was decreased with increasing of distillation
temperature.  The  distillation used solvent at 170°C
pressure 13 kpa was obtained %purity of Ci» and Cia
higher than distillation used solvent at 140, 150 and 160°C,
respectively. The result is shown in Table 3.

Table 3 The %purity of distilled solvent.

Solvent Ci %P(‘:']';ifv -
So]gaﬁ:?lligoc) 89.18 | 9387 | 8522
solaﬁ?‘l‘;goe) 9225 | 9540 | 8522
So]chi:I?llgg“C) 9459 | 96.94 | 8163
Solaﬁ?llggf’q 9765 | 97.87 | 77.52

The %purity of distilled solvent were calculated,
characterized and compared with reference solvent is
shown in Table 3. The %purity of distilled solvent at 170°C
was found C,» and Ci3 higher than distilled solvent at 140,
150 and 160°C, respectively. But distilled solvent at 170°C
was obtained Cj4 lowest because when increase
temperature the energy was increased for breaking bond
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afier that some scparatced fraction was formed with Ci» and
Cizaffected to increasing amount of Ci» and Ci3 [7].

3.4 Fconomic evaluation of distilled solvent.

To cconomic cvaluation of distilled solvent, the
working day about 320 days/year. 200 L of hydrocarbon
solvent were used for cleaning process per day. The cost of
aliphatic hydrocarbon is 3.900 THB/200L for purchased
and cost for disposal around 160,000 THB/year. Total of
cost for purchase and treatment is 1,408,000 THB/year.

The suitable distilled solvent at 170°C was
cvaluated for recovery waste solvent process because
51.05% of yield was obtained to highest yield from vacuum
distillation at 13 kpa 170°C. The result of GC-MS about
carbon content and Yopurity were used for confirm distilled
solvent at 170°C and highest carbon content and Yopurity
although. %purity of Cy was found lowest when compared
with distilled solvent at 140. 150 and 160°C, respectively.

Total of recovery solvent per year is 33,000
L/year. Cost reduction for disposal per year is 82.500
THB/ycar. Total reduction of cost for purchase and
disposal per ycar is 726,000 THB/ycar.

4. CONCLUSION

The suitable condition of vacuum distillation in
recovery waste hydrocarbon solvent process was studied.
The composition of distilled solvents were characterized
by FT-IR.The distilled solvent shows the similar peak as
reference. Thus the hydrocarbon solvent was successfully
recovered by vacuum distillation process. The distillation
temperaturc 170°C pressure 13 kpa was produced 51.05%
of yield in recovery process and found the purity of C;> and
Ci3 were obtained higher than 140, 150 and 160°C
condition. The purity of Ci2 and Ci3 at 170°C pressure 13
kpa condition were 97.65 and 97.87%, respectively. When
increase temperature the energy was increased for breaking
bond after that some separated fraction was formed with
Cy2 and C)3 affected to increasing amount of Cy» and Cis.
Thus the recovery process will be reduced amount of
solvent for disposal around 33.000 L/year. The cost
reduction was cvaluated and the cost can be reduced
726,000 THB/year. The vacuum distillation is suitable for
recovery hydrocarbon solvent process.
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