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Abstract. At present, the huge output of oily sludge is seriously harmful to the 

environment, so it must be treated as resources and detoxification. Oil content is 
the key technical indicator in its treatment process. In this paper, azeotropic 

distillation, infrared spectrophotometry and ultraviolet spectrophotometry were 

used to determine the oil content of two kinds of oily sludge. The results show that 
the oil content of oil sludge OS-1 and OS-2 measured by azeotropic distillation 

method is 56.96(±2.65)% and 7.62(±0.63)%, respectively. Azeotropic distillation 

method is suitable for the three-phase determination of oil, water and residue in 
oily sludge, and provides basic parameters for the selection of oily sludge 

treatment method and oil content detection method. The oil content of OS-1 and 

OS-2 measured by ultraviolet spectrophotometry is only 14.78(±1.15)% and 
3.16(±0.40)%, respectively. Ultraviolet spectrophotometry is suitable for the 

detection of oily sludge with unsaturated petroleum hydrocarbons as the main 

component. Infrared spectrophotometry can fully detect petroleum components, so 
infrared spectrophotometry is relatively reliable and can be widely used in 

experiments and production. This study provides theoretical basis and data support 
for the selection of oil content detection methods for different oily sludge. 
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1. Introduction 

Oily sludge is a hazardous waste and its improper discharge can cause serious hazards 

[1-4], and the oil content is one of the important indicators to assess its pollution risk 

and whether it meets the discharge standards after treatment [5]. The results of oil 

content determination are affected by the type, composition and structure of the oily 

sludge, so it is important to choose different testing methods according to the 

characteristics of the oily sludge to determine its oil content accurately. 

Methods and standards for the detection of oil content of oily sludge have not yet 

been introduced, and the methods that have been studied include azeotropic distillation, 

infrared spectrophotometry, and ultraviolet spectrophotometry, mainly with reference 
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to the determination of oil in water or soil [6-8]. The azeotropic distillation method 

involves azeotropic distillation of oily sludge mixed with toluene under heating 

conditions to form three phases: water, oil, and solid, and the oil content is represented 

by the oil phase content in the mixed system [9]. Infrared spectrophotometry estimates 

the oil content by detecting the absorbance of C-H bonds in saturated methylene, 

methylene and aromatic functional groups, which is a standard method for determining 

the petroleum content in water with the advantages of excellent accuracy, wide 

measurement range and data reference [10]. Our group optimized the influencing 

factors such as oscillation time, water bath temperature, and sonication time in the 

previous study, and accurately determined the oil content of oily sludge using infrared 

spectrophotometry [11]. Ultraviolet spectrophotometry is also a standard method for 

the determination of petroleum content in water [8], which utilizes the absorption of 

UV light in the range of 250-260 nm and 215-230 nm for benzene ring and conjugated 

double bond, respectively. For the rapid determination of aromatic compounds and 

conjugated double bond compounds, it is suitable for the detection of oily sludge 

containing less oil [12], with the advantages of simple operation, safe and economical 

extractant, and accurate detection results [13].  

In this paper, the azeotropic distillation, infrared spectrophotometric and ultraviolet 

spectrophotometric methods were used to detect the oil content of two kinds of oily 

sludge, in order to clarify the application range of the three methods and provide 

theoretical basis and data support for the selection of different detection methods. 

2. Materials and Methods 

2.1. Source and Nature of Oily Sludge 

Two types of oily sludge with different oil content were taken from different treatment 

processes in a northern oil field and named as OS-1 and OS-2, respectively. The ash 

and volatile solids contents in OS-1 were 40.17% and 59.83%, respectively, while 

those in OS-2 were 91.99% and 8.01%, respectively. 

2.2. Determination of Oil Content 

Azeotropic distillation method. According to “Standard Test Method for Water in 

Petroleum Products and Bituminous Materials by Distillaton” [6], 6-8 g of oily sludge 

and 200 mL of toluene (analytical purity, Tianjin Fuyu Fine Chemical Co.) were added 

into the round bottom flask and kept heating and eluting for 8-12 h until the color of 

toluene and water in the water separator is thorough and stratified. The water content of 

the sludge was calculated by reading the water content of the water separator and the 

sludge content was calculated by drying the residue phase to a constant weight and 

calculating the oil content of the sludge by the differential subtraction method. To 

ensure the accuracy of the experimental data, each sample was tested 6 times and the 

average value was taken. 

Infrared spectrophotometry. According to the HJ1051-2019 [7], the oil phase 

components in the oily sludge were extracted by shaking, ultrasonication and water 

bath heating using carbon tetrachloride reagent (Tianjin Aoran Fine Chemical Research 

Institute), and the extract was fixed and diluted, and the oil content of the oily sludge 

was determined using an infrared oil measurement instrument (OIL460, Beijing, 
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China). To ensure the accuracy of the experimental data, each sample was tested 6 

times and the average value was taken. 

Ultraviolet spectrophotometry. According to the HJ970-2018 [8], petroleum ether 

(analytical purity, Tianjin Fuyu Fine Chemical Co., Ltd.) reagent was used to extract 

the oil phase components in the oily sludge by shaking, and the extract was fixed and 

diluted, and the absorbance of the samples was measured at 190-300 nm using an 

ultraviolet spectrophotometer (UV-1900i, Shimadzu, Japan) to determine the oil 

content of the oily sludge. To ensure the accuracy of the experimental data, each 

sample was tested 6 times and the average value was taken. 

2.3. Thermogravimetric and Infrared Spectral Characterization 

Thermogravimetric analysis was performed on two types of oily sludge and its residue 

phase after extraction with toluene, carbon tetrachloride and petroleum ether, 

respectively, using a thermogravimetric analyzer (TG209F3, NETZSCH, Germany), 

which was ramped up from room temperature to 800°C at a temperature increase rate 

of 10°C/min. 

The infrared spectra of the oily sludge and its residue after extraction with toluene, 

carbon tetrachloride and petroleum ether were analyzed by FTIR (EQUINOX55, 

Bruker, Germany) using a KBr press with a scanning range of 400-4000 cm-1 and a 

resolution of 1.0 cm-1. The infrared spectra were obtained after 32 scans in transmission 

mode. 

3. Results and Discussion 

3.1. Changes in the Properties of Oily Sludge after Extraction 

Thermogravimetric analysis presented the weight loss process of two oily sludge and 

its residue phase after extraction by toluene, carbon tetrachloride and petroleum ether, 

respectively. The thermogravimetric curves of oily sludge OS-1 are shown in Figure 1a, 

and the percent weight loss of OS-1 at three temperature stages of 0°C-120°C, 120°C-

350°C, and 350°C-700°C were 1.25%, 29.42%, and 19.26%, respectively, indicating 

that it contained a large amount of light and heavy hydrocarbons [14-16]. The 

percentage weight loss of residue phase after toluene extraction at each temperature 

stage was 0.31%, 4.52% and 6.09%, respectively. After extraction by carbon 

tetrachloride, the percent weight loss of residue phase at each temperature stage was 

0.13%, 11.26%, and 8.03%, respectively. After extraction by petroleum ether, the 

percent weight loss at each temperature stage of the residue phase was 1.39%, 6.29%, 

8.95% respectively. The above results showed that the residue phase of OS-1 still 

contained some light hydrocarbons and heavy hydrocarbons after solvent extraction, 

and the extraction effect of toluene was better than that of petroleum ether and carbon 

tetrachloride. Comparing Figures 1A and 1B, it can be seen that the pyrolysis process 

of oil sludge OS-2 and OS-1 were basically the same, but the weight loss curves were 

significantly different. Comparing the thermogravimetric curves of each solvent before 

and after extraction, it was also confirmed that toluene extraction had the best effect. 

The infrared spectral analysis reflected the changes of functional groups in the 

residue phase after extracted by toluene, carbon tetrachloride and petroleum ether. As 

shown in Figure 2, the functional groups of the oily sludge OS-1 and OS-2 were 
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basically the same, both of them contained mineral oil. OS-1 had a strong characteristic 

peak at 1025 cm-1-1678 cm-1, which was the stretching vibration of the aromatic ring 

skeleton. Two peaks appeared in the range of 2843 cm-1-2972 cm-1, which were the 

antisymmetric stretching vibration and symmetric stretching vibration of -CH2. They

were long-chain alkyl peaks, indicating that both the sludge and the extracted residue 

phase contained mineral oil. A broader vibration peak at 3616 cm-1-3656 cm-1 was the 

stretching vibration of crystallized water. The peak intensity of the residue phase was 

significantly weakened, and some of the IR characteristic peaks disappeared, indicating 

that the content of some compounds in the residue phase was reduced. The presence of 

anti-symmetric stretching vibration of -CH2 and symmetric stretching vibration of -CH2

on the IR spectra of both OS-2 and solvent-extracted residue phase indicated that both 

contained mineral oil, and the content of mineral oil in the residue phase after 

extraction was significantly reduced.

Figure 1. (a) Thermogravimetric curves of oily sludge OS-1 before and after extraction; (b)

Thermogravimetric curves of oily sludge OS-2 before and after extraction.

Figure 2. (a) Infrared spectra of oily sludge OS-1 before and after extraction; (b) Infrared spectra of oily 

sludge OS-2 before and after extraction.

3.2. Oil Content Test by Three Methods

The oily sludge OS-1 and OS-2 were extracted by carbon tetrachloride, and the solvent 

was removed by spin evaporation. As shown in Figure 3, the oil phase was weighed 

and the calculated oil content was 43.67(±1.33)% and 4.89(±0.07)%, respectively, 

which was close to the oil content of 42.07(±1.04)% and 4.57(±0.21)% measured by 

infrared spectrophotometer. The results indicated that all the components extracted by 

carbon tetrachloride were effectively detected, and the oil phase components obtained 
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from the extraction were all petroleum. After OS-1 and OS-2 were extracted by 

petroleum ether, the solvent was removed by spin evaporation, and the oil phase was 

weighed and calculated to be 45.22(±2.92)% and 4.94(±0.14)%, which were much 

higher than the oil content measured by UV spectrophotometer at 14.78(±1.15)% and 

3.13%(±0.40). The results indicated that petroleum ether can adequately extract 

petroleum hydrocarbons, but since the UV spectrophotometer can only detect aromatic 

compounds containing benzene rings and conjugated double bond compounds, but not 

saturated hydrocarbons, the oil content measured by UV spectrophotometry was low, 

and about 30% and 1.8% of saturated hydrocarbons in OS-1 and OS-2, respectively, 

were not detected.

Figure 3. (a) Oil content of oily sludge OS-1 measured by three methods; (b) Oil content of oily sludge OS-2

measured by three methods.

The azeotropic distillation method uses the characteristics of crude oil being easily 

soluble in toluene and the formation of azeotropic compounds by toluene and water to 

separate and measure the oil, water and sludge phases in the oily sludge. By weighing 

the water and sludge phases, the oil content of the oily sludge was calculated by 

differential subtraction. So the organic components dissolved by toluene were all 

calculated in the oil content, and the oil content measured by azeotropic distillation was 

56.96(±2.65)% and 7.62(±0.63)%, respectively, which was close to the volatile solids 

content of 59.83% and 8.01% of the oily sludge OS-1 and OS-2. The results indicated

that the azeotropic distillation method accounted for most of the volatile organic 

components in the oil sludge, so the highest oil content was measured by azeotropic 

distillation. The azeotropic distillation method is essentially a weight method with a 

large systematic error, which leads to a large error in the detection of oil content. The 

infrared spectrophotometry extracts the petroleum substances with all or part of the 

spectral band at wave numbers of 2930 cm-1, 2960 cm-1, 2020 cm-1 in the oily sludge 

sample with carbon tetrachloride. And the UV spectrophotometry can effectively detect 

the aromatic compounds and compounds with conjugated double bonds in the oily

sludge without saturated hydrocarbons. The measured oil content was 42.07(±1.04)% 

and 4.57(±0.21)%, respectively for OS-1 and OS-2 by infrared spectrophotometry, 

which were lower than the test results of the azeotropic distillation method, and the 

smallest oil content was measured by UV spectrophotometry, which was only 

14.78(±1.15)% and 3.16(±0.40)%, respectively. The results showed that the IR and UV 

spectrophotometry were highly accurate and the error of the measured oil content was 

less.
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4. Conclusion 

In this study, we compared the results of oil content determination of two types of oily 

sludge OS-1 and OS-2 by azeotropic distillation, infrared spectrophotometry and UV 

spectrophotometry. The azeotropic distillation method measured the highest oil 

content, which was close to the volatile solids content of the oily sludge samples. The 

azeotropic distillation method was suitable for the determination of oil, water and 

residue phases of oily sludge, providing basic parameters for the selection of oily 

sludge treatment methods and oil content detection methods. Infrared 

spectrophotometry and UV spectrophotometry are highly accurate, and UV 

spectrophotometry is suitable for the detection of oily sludge with unsaturated 

petroleum hydrocarbons as the main components, while IR spectrophotometry can 

adequately detect petroleum components, so IR spectrophotometry is relatively reliable 

and can be promoted in the experimental and production processes. 
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