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ABSTRACT

The recovery of dimethylbenzene and butyl acetate from industrial spent solvent by batch distillation was studied.
The first experiment was the batch distillation of a pretreated material. The second experiment was a heterogeneous
azeotropic batch distillation, and the final experiment involved removing the light and heavy parts of the industrial
spent solvent oil and then separating dimethylbenzene and butyl acetate from the remaining mixture. Different types
of batch distillation methods to ditill from waste solvents gave different recoveries of butyl acetate and
dimethylbenzenes, and the dimethylbenzene-rich fractions generally contained low concentrations of butyl acetate.
Using a heterogeneous distillation process allowed the separation process to be achieved at a lower temperature
than was required for the normal digtillation process. Multiple distillations gave higher recoveries and
concentrations of butyl acetate and dimethylbenzenes in the digtillates, but obviously involved higher levels of
energy consumption. The process used for a particular industrial application should be chosen to suit the actual
requirements of the application.
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INTRODUCTION

The discharge of industrial waste has recently eiased sharply in Chinese cities, especially inegitin
economically developed regions, so ensuring thaattlous waste is handled properly has become myrertant
than ever [1]. Organic solvents, in particular, avielely used in different industries, and in Qingdalone
6500-8000 t of recyclable waste organic solvergspaoduced annually. The automobile industry, as»xample,
uses a lot of valuable organic solvents in the @sses of painting and cleaning cars [3,4]. A langeber of
aromatic substances are also used in the lubréstetgent recycling process [5]. A lot of wastes dibm vehicles
are rich in benzene, toluene, ethylbenzene, dintathyene, and butyl acetate, but contain largeasiod organic

impurities, are viscous, have complex compositians,pungent, and can cause harm to the humanusesystem
and to ecological systems [6-9].

Waste organic solvents are, at the moment, gegerainerated, distilled, or processed using othethods, such
as the dilution method [10-14]. Incineration invedvthe direct combustion of the waste oil and sulussing a
strictly controlled combustion process. Non-compmdia with the strict combustion process requiremesgsits in
the process producing polychlorinated dibenzo-pdd®and dibenzofurans and soot, and these carobe serious
environmental problems than the waste oil and stlbeing disposed. Incineration also involves higbcessing
costs (about 3000-3500 yuan/t), so this methodiscarrently desirable from the point of view okthvailable
technology and economic conditions. Recovering evasilvents using vacuum distillation and a fraciem

cooling tower gives relatively good recoveriestad tnain components of solvent mixtures, but thithoe has two
major shortcomings, in that it requires airtightwam distillation equipment that is expensive dmat it consumes
a great deal of energy. Diluting waste solvent ilotaof water is not only wasteful of water butléads to large
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amounts of polluted water being produced, so thithod is not desirable. There are currently, tleesfno
effective treatment methods for waste solvents yced by the automobile manufacturing processesinsétlina.
In the study presented here, we batch distilledtavad that contained solvents, which had been peed in car
manufacturing processes [15-16]. The aim was tovercdimethylbenzene and butyl acetate from thetevag
with high yields, so that these solvents could eesed. Using the batch distillation process coufdctvely
decrease the amount of environmental pollution pced and lead to lower processing costs for wakte o

EXPERIMENTAL SECTION

1.1 Materials and equipment

o-Xylene (1,2-dimethylbenzene), m-xylene (1,3-dimylienzene), p-xylene (1,4-dimethylbenzene), batgtate,
benzene, and toluene (chromatographically puregwbtained from Tianjin Kermel Chemical Reagent, Ctd.
(Tianjin, China). n-Heptane, 1-octane, and methsililyexane were obtained from the Tianjin Chemicahdrent
Plant (Tianjin, China). Waste solvents were obt@ifem FAW-Volkswagen (Changchun, China).The batch
distillation apparatus was obtained from Komen TPetbgy Development Co., Ltd. (China). A 6890N gas
chromatograph (Agilent Technologies Inc., Santa&I&€A, USA) was used for the gas chromatographétyses,
and an AUY120 (Shimadzu Corp., Kyoto, Japan) edeitrbalance was used when appropriate.

Controller condense
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Fig. 1 Schematic diagram of the distillation column

1.2 Experimental methods

1.2.1 Preparation of standard solution

Different amounts of the analytes were weighed @tely using an electronic balance so that standalations
with eight different concentrations could be pregphiThe standards were analyzed by gas chromatogtamive
a calibration curve for each analyte.

1.2.2 Simple distillation
The waste solvent that was used had a complex csitigrg so the first process it was subjected ts wainary
distillation to remove impurities and provide cdéss and transparent materials for the distillatests.

1.2.3 Ordinary batch distillation

The waste solvent (300-400 mL) was distilled arel cbndensate was collected. The bottom of thelldigin
column was heated, and the temperatures at diffem@asurement points in the distillation column aver
automatically recorded using a computer.

1.2.4 Heterogeneous distillation

An amount of water appropriate to the chosen oilvater volume ratio was added to the feedstock amd
otherwise ordinary distillation was performed. Tgeformance of the method was evaluated from tl@gés in
the temperature over time. The mass and voluméefsample and distillates were measured, and arept
internal standard was added to the distillate ibast to allow them to be quantitatively analyzed dgs
chromatography.

1.2.5 Multiple distillation

The raw material was distilled at a low and a Higimperature with the intention that only the dinyélienzenes
and butyl acetate would be distilled. The experimeronditions were the same as used for the argina
distillation.
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1.3 Analysis

The samples were analyzed using an Agilent 6890\Nchaomatograph equipped with an HP-5 chromatograph
column. The gas chromatograph settings were chiogdaking setting from the literature [17—22] anddifying
them to make them appropriate to the waste prathattwe used. The oven temperature program stattéd °C
and increased at 3 °C/min to 70 °C , which was figddL min, then increased at 2 °C/min to 80 °Cjohwas
held for 2 min, then finally increased at 50 °C/min150 °C. The total run time was 13.73 min.. Tijector
temperature was 200 °C and the volume injectedOsag L. The mobile phase was hydrogen, which wad as a
flow rate of 40 mL/min. The air flow rate in thetdetor was 450 mL/min, and the detector temperawas
250 °C. An internal standard quantification methas$ used.

RESULTS AND DISCUSSION

2.1 Composition of the waste oil containing solgent
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Fig. 2 Relative standard deviations of the solvertoncentrations determined using three different intrnal standards

Figure 2 shows the relative standard deviationd)R8at were found for the concentrations of thivesats that
were analyzed using three different internal steaglén = 6 for each internal standard), n-heptanestane, and
methylcyclohexane. All of the RSD were within arcggtable range. It can be seen that that RSD wtfezesht

for different analytes, and that the RSD found gghre three internal standards were similar foylbatetate and
dimethylbenzene, and that the RSD for the diffeaamdlytes varied less using n-heptane as an imtetaadard
and more using n-octane as an internal standard.
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Fig. 3 Analyte recoveries achieved using three défent internal standards

The average recoveries of the solvents that weabyzed, determined using three different intertahdards, are
shown in Figure 3. It can be seen that the mettzn@ gicceptable recoveries for each analyte usicly ieternal
standard. The recoveries of the different analytsed less than using n-heptane as an internatiatd than
using the other two internal standards, indicatheg the analytical method was more stable usihgptane as an
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internal standard than using the other internaldsieds. A comprehensive analysis of Figures 2 asigo8ved that
n-heptane was the best internal standard to uleeimnalytical method. The correlation coefficieié) for the
standard curves for the analytes, using n-heptas énternal standard, were 0.9998-1.000.

Table 1 Composition of the spent solvent that wasalyzed

Ingredient  Benzene and toluene  Butyl acetate Diglieéinzenes  Other components
Content / % 6.92 36.65 42.24 14.19

A waste solvent oil was analyzed after it had bbeough the simple distillation process, which gawalorless
oil. The complex components were analyzed by gesnchtography, and the concentration of each compane
the waste oil was calculated. The crude distillatd each batch of waste oil gave a slightly défgrcomposition
because of variations in the samples that werentake

2.2 Simple batch distillation

The pretreated raw material described above wasindgatch distillation experiments using refluxioa (R =L/D)
of 3, 4, 5, 6, and 7. The dimethylbenzene and kadgtate components were separated at a speaifietature at
an R of 6.
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Fig. 4 Temperatures at the top and bottom of the ading tower during the batch distillation process

Figure 4 shows the temperatures at the top andratf the cooling tower at each sampling time pduniing the
batch distillation, and it can be seen that thepenature at the bottom of the tower was between8l&7d 156 °C
and the temperature at the top of the tower rafiged 102.6 to 123.5 °C. The dimethylbenzenes anyl lacetate
will be removed from the waste solvent in thesdiliige temperature ranges. The temperature atdpeof the
tower was essentially constant when the first tis@@ples were taken, and large amounts of benzeh®ohiene
and other light components were removed in thesetitms. The temperature at the top of the towereased
rapidly from the fourth to the sixth samples, ahé tomposition of the distillate changed greatlgrothese
samples. The temperature at the top of the towangdd little from sampling points six to fourteent the trend
in the changes in the temperature changed sligiettween sampling points nine and fourteen, indigathat the
main components in the distillate remained consbantthat the relative contributions of individu@mponents
changed. The temperature at the top of the towsamipling time point fourteen, and the distillatamposition
also changed at this point, becoming dominated,#ydimethylbenzene and butyl acetate. The temperatuthe
top of the tower increased rapidly at sampling paimeteen, indicating that at this time the distd was
dominated by dimethylbenzenes.

The butyl acetate concentrations and the dimetingee concentrations in the samples that wereotetieare
shown in Figures 5 and 6, respectively. When thgpgrature at the top of the tower was 109 °C (lzef@mplex
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components were distilled), the distillate contdirsenall amounts of butyl acetate, dimethylbenzeagd, light
components, and the butyl acetate concentratidghardistillate increased as the temperature inetbashereas
the dimethylbenzene concentrations initially deseebas the temperature increased.

The butyl acetate concentration in the distillathen an R of 6 was used, reached a steady st&& %&t90.5%
when the temperature at the top of the column W&s-112 °C, corresponding to sampling points nintoteen,

and this corresponded with the temperature charigas are shown in Figure 4. The dimethylbenzene
concentrations in the distillate remained unchang®&d the temperature at the top of the tower heac111.5 °C,
when the butyl acetate concentration began to dserand the dimethylbenzene concentrations beganrease.

The dimethylbenzene concentrations had increaseeB®o when the temperature at the top of the tdvesr
reached 122 °C, and the dimethylbenzene concemigathad reached a steady state at 95-98% when the
temperature at the top of the tower had reached3223.5 °C. The butyl acetate concentration indikéllate at

this time had decreased to about 1.2%.
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Fig. 5 Butyl acetate concentration in the distilla¢ collected at each sampling time point when batdiests at different reflux ratios (R)
were performed
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Fig. 6 Dimethylbenzene concentrations in the distdte collected at each sampling time point when belh tests at different reflux ratios (R)
were performed

The effect of the reflux ratio on the dimethylbemzend butyl acetate yields and contents in thélaie are shown
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in Tables 2 and 3, respectively.

Table 2 Effect of the reflux ratio on the product yeld

Reflux ratio/ R 3 4 5 6 7
vield / % Dimethylbenzene 95.1 95.01 94.8 90.32 90.8
Butyl acetate 986 986 975 973 96.7

Table 3 Effect of the reflux ratio on the product oncentration in the distillate

Reflux ratio/ R 3 4 5 6 7
Concentration in the distillate / % Dimethylbenzene 85-90.7 95.6-98.8 94-98.2 94-98.55-9D
? Butyl acetate 82.7-85.4 89.03-90.03 89.7-91.8 ®d.Bh- 90.6-91

It can be seen from Table 2 and 3 that increasiagéflux ratio decreased the dimethylbenzene aky acetate
recoveries. This would have been because incre#fsingeflux ratio increased the amount of time ek the
distillation process to occur. The dimethylbenzeseovery decreased particularly noticeably whernréfiex ratio

was increased from 5 to 6. The separation of digleéimzenes and butyl acetate improved as the rediix was
increased to 4, and below that they were poorlaspd.

2.3 Heterogeneous batch distillation

Table 4 Temperatures at the top of the cooling towend in the reactor region of the tower during theheterogeneous batch distillation
process

Oil-water ratio  Top temperature range / °C  Towaexter temperature range / °C

2:1 87-89.2 85.8-103
31 86.5-89.5 90.5-111
4:1 87-117 83-145

From Table 4, it can be seen that the temperatutbeatop of the cooling tower was 86.5-89.5 °C mviiee
oil-water ratio was 3:1. When the water content leager (using an oil-water ratio of 4:1), the lapart of the

distillation process was similar to the processedd in the ordinary distillation process, and thmperature at
the top of the cooling tower was relatively high.
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Fig. 7 Butyl acetate concentrations at different sapling time points during the heterogeneous batchisdtillation process
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Fig. 8 Dimethylbenzene concentrations at differersampling time points during the heterogeneous batctlistillation process
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Figures 7 and 8 show the butyl acetate and dime¢imgene concentrations, respectively, in the Witilat
different sampling time points in the heterogeneoaieh distillation process using different oil-emtatios (and
R = 4). It can be seen that the butyl acetate éméttlylbenzene concentrations changed, followingjlar trends
to the trends found in the simple batch distillatprocess.

Table 5 Dimethylbenzene and butyl acetate yields ing different oil-water ratios in the heterogeneou$atch distillation process

Oil-water ratio 2 3 4
Dimethylbenzene / Yield greater than 90%  18.7 15.48.21
Butyl acetate / Yield greater than 80% 51.07 40.284.04

As can be seen from Table 5, using a lower oil-wetto (i.e., adding more water relative to théuwe of oil)
gave higher dimethylbenzene and butyl acetate sxas:

2.3 More batch distillation tests
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Fig. 9 The concentrations of butyl acetate and dintbylbenzene in a batch distillation process using eeflux ratio of 4 at different time
points

Figure 9 shows the results of a distillation precesing an R of 4. The raw material contained dmityl acetate

and dimethylbenzene. Changing the temperatureeatiofh of the cooling tower caused the concentratmfnboth
solvents to change. The distillate contained altaggtate concentration of higher than 95% whertahgperature
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at the top of the tower was 109.3-109.8 °C, anddingethylbenzene concentration in the distillatgadre to
increase and the butyl acetate concentration begatecrease when the temperature reached 110 °€. Th
dimethylbenzene concentration in the distillate Wiggher than 95% and the butyl acetate concentravas lower
than 3% when the temperature at the top of thertowas higher than 119 °C.

CONCLUSION

The first experiment gave a butyl acetate concéatraf 88.7-90.5% in the condensate and a yield708% when
the temperature at the top of the cooling tower 4@3-112 °C, and a dimethylbenzene concentratighenithan
95% when the temperature at the top of the codbmger was higher than 122 °C and the temperatuifeeabottom
of the tower was higher than 144 °C. The highesyltacetate and dimethylbenzene concentrationsdaarthe
condensate in the second experiment were 89% a¥g B¥spectively, when the oil to water ratio was gy
volume) and the reflux ratio was 4, and the tentpeea at the top and bottom of the cooling towerewelated to
amount of water added to the system. The third @x@at gave a butyl acetate concentration highen 5% in
the condensate and a yield of 95% when the temperat the top of the cooling tower was 109.3-12C.6and a
dimethylbenzene concentration in the condensateehitpan 95% and a yield of 74.2% when the temperatt the
top of the tower was higher than 119 °C.

Acknowledgements
This work was financially supported by the NatuBaience Foundation of Shandong,China (No.ZR2009&),00
the National Undergraduate Training Programs fapiration and Entrepre neurship of China (No. 20439008).

REFERENCES

[1] LIU Xiao-feng, LI Xin. China Environmental Protection Industry,20085:45-47

[2] Qi DENG, Qifei HUANG, Qi WANG,EtcRecyclable Resources and Circular Economy, 201Q 3 (3) :35-37

[3] Zhang Li juan.The Light & Textile Industries of Fujian,2007.2.27-29.

[4] Guoyuan Tian, Hui LiuChongging Environmental Science, 2002, 24 (5) : 78-79

[5] Han Yun,Niu Chun ge,Dai MirModern Chemicao Industry, 20139 (9) :86-88

[6] Huan-giang WANG, Tao LI, Min ZHANG,EtcChinese Journal of Industrial Hygiene and Occupational

Diseases, 2006 24 (12) : 720-722

[7] LI Feng-su.Occup and Health ,200824 (17) :1760-1762

[8] REN Tie-shi.Occup and Health,200925 (7) :698-699

[9] LIANGWEi, LI UFen, DAI Jing-j ing, etal.Occup and Health, ,2007,23 (23) : 2151-2152.

[10] LU Hong-jun, GUO He-minChina Environmental Protection Industry, 2005(12):36-38

[11] Hui-di ZHANG, Heibei Chemical Engineering And Industry, 200Q (3) : 19-50

[12] Li-ying ZHANG, Sheng-li XIE.Automobile Technology & Material, 2006, 9 : 35-36

[13] S. Maria, I. Michio Anal. Appl. Pyrolysis, 2006 75: 217-225

[14] HongguanZHANG,FuzhenZhao,ShengfuJl,Ethemical Industry And Engineering Progress 2007, 26 (5) :

624-631

[15] U. Saadet, M. D. Urmila, A. S. Maromput. Chem. Eng, 2005 29(4):1805-1814

[16] M. Warter, D. Demicoli, J. Stichimai€hemical Engineering and Processing, 200443(4):263-272

[17]Wang Jing,Zheng Zhong jidournal of Environment and Health, 200624(3):275-276

[18] WaiLi,XionghuZhao,Jialia,Et€hemical Industry And Engineering Progress, 201332 (4) :740-749

[19] CHENGLei, SUZhengTechnology & Development of Chemical Industry, 201039(5):45-46

[20] JIN Hui,CHEN Da-Xin. Petrochemical Industry Application, 20065:44-46

[21] Xu Ming-min,Chen Bo,Chen Wu-mingChinese Journal of Health Laboratory Technology, 200717
(7) :1231-1232

[22] YE Xiuya, ZHOU Shaogi ZHENG Ke .Chemical Industry And Engineering Progress,2011,30(6) :1374-1378

2143



