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Abstract: 

Accurate measurement of liquid density is critical to chemical manufacturing, particularly to the 

petroleum industry for quality control and regulatory compliance. Developed by ASTM 

International, ASTM D4052 is the standard test method for measuring the density of petroleum 

products and related chemicals using the oscillating U-tube technique, a highly advanced and 

accurate principle. This paper explores the application of ASTM D4052, and focuses on the role 

of Certified Reference Materials (CRMs) in instrument calibration and performance verification, 

ensuring consistency in density measurements and compliance with industry regulations. 

Introduction: 

Defined as mass per unit volume, density is a fundamental physical property that directly 

influences the classification and quality of petroleum distillates such as gasoline, diesel fuel, jet 

fuel and oils. Density plays a critical role in meeting product specifications, particularly when it 

comes to transportation regulations and the assurance of consistent product quality. 

ASTM D4052 is one of the most widely used test methods for measuring the density of liquids. 

It determines density by measuring the oscillation frequency of a U-shaped glass tube filled with 

the sample. The frequency of vibration depends on the combined mass of the tube and the liquid 

it contains. The use of high-quality Certified Reference Materials (CRMs) is essential to ensure 

the reliability and traceability of the density instrument and its measurements.  

Principle and Procedure: 

A liquid sample volume of approximately 1 to 2 mL 

is introduced, either manually or via an autosampler, 

into an oscillating U-tube. The change in oscillation 

frequency, resulting from the changed mass of the U-

tube, is measured and used along with calibration 

data to determine the sample’s density, relative 

density, and API gravity. 

According to the test method, at a minimum, calibration verification of the instrument must be 

performed during initial setup and whenever the test temperature is changed. If the instrument 

fails verification without an identifiable cause, recalibration or adjustment is required. 

• Instrument preparation: The density meter is cleaned, dried, and the desired 

measurement temperature is set. 

• Quality Check: Performance verification is conducted by running a traceable CRM and 

comparing results to the certified value. 

• Sample Introduction: The liquid sample in injected into the U-tube using a syringe. 

• Measurement: The instrument calculates the density based on the oscillation frequency 

and temperature. 

• Cleaning: The U-tube is cleaned between runs using appropriate solvents to prevent 

sample contamination. 



Sources of Error: 

• Temperature:  

Density is directly impacted by temperature. According to ASTM D4052 even a 0.1 °C 

deviation can introduce significant error. High-precision thermostatic control is critical. 

• Air Bubbles and Contamination:  

Air bubbles in the U-tube or residue from previous sample’s runs can adversely affect the 

accuracy of measurement. Adequate degassing and cleaning are essential to ensure 

reliable measurement and accurate results.  

• Instrument Deviation: 

Over time an instrument’s components will age and calibration may drift resulting in 

inaccurate measurements.  

The Role of Certified Reference Materials (CRMs) 

Certified Reference Materials (CRMs) are substances that are prepared with a precisely known 

property value, certified following specific quality procedures and accompanied by a Certificate 

of Analysis.  

As an ISO 17034 accredited reference material producer, AccuStandard's Density CRMs are the 

perfect choice for calibration and routine performance evaluation for density measurement 

devices. AccuStandard’s two CRMs (D-4052-01 and D-4052-02) are offered in different density 

ranges to help labs meet the requirements of ASTM D4052.  



AccuStandard’s Density CRMs are: 

• Prepared and verified through our ISO 17034 Quality System 

• Accompanied by Certificates of Analysis (CoA) 

• Compatible with ASTM D4052 instrumentation and procedures 

Conclusion 

 

ASTM D4052 provides a precise and reliable method for measuring density for liquids using 

oscillating U-tube technology. To maintain accuracy, it is important to verify calibration and 

performance of the density measuring device using Certified Reference Materials (CRMs) 

designed for ASTM D4052. High-quality CRMs ensure traceability and reinforce quality 

assurance practices. Regular use of CRMs helps minimize measurement uncertainty, supports 

regulatory compliance, and enhances confidence in the results. 


