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Abstract 

Ultrasonic examination of materials often requires knowledge of the material’s acoustic velocity.  Acoustic 

velocity is a function of the temperature of the material and change in velocity with respect to temperature 

(dV/dT) is not the same for all materials.  Several materials have been tested to assess their dV/dT.  This paper 

describes the setup and approximate values obtained for dV/dT over a range of temperatures from 20°C to 70°C.  

In addition, results from several other sources have been added to a table of values with reference to the authors. 
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1.  Introduction 
 

Ultrasonic methods used in non-destructive testing often assume that the acoustic velocity of 

the material is known.  For example, the acoustic velocity is required when Snell’s Law is 

used to determine the angle of refraction.  This requires that velocities for both the incident 

and refracting media are known so as to calculate the correct incident or refracted angles.  

 

Acoustic velocity is generally considered to be proportional to the square root of the stiffness 

of a material divided by its density [1].  Temperature change can alter either the density or the 

stiffness of a material and the parameter most affected will determine if the velocity increases 

or decreases.  

 

Over small ranges of temperature change the change in velocity is usually considered to be 

linear; however, some materials have been identified with nonlinear relationships of 

temperature dependence of acoustic velocities.  A notable exception to the assumption of a 

linear relationship is water.  

 

Marczak [2] compiled a fifth order polynomial to indicate the acoustic velocity over a range 

of 0°C to 95°C: 

 
c = 1.402385 x 103+ 5.038813 T - 5.799136 x 10-2T2+ 3.287156 x 10-4T3- 1.398845 x 10-6T4+ 2.787860 x 10-9T5 

 

The resulting curve for pure water is plotted as Figure 1. The value at 20°C is highlighted on 

the curve. 
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Figure 1: Plot of acoustic velocity in water (after Marczak) 

 

Because changes in velocity with respect to temperature are generally considered over a 

relatively small temperature range, it seems to have been a convenience to provide the thermal 

coefficient of sound velocity as a single value termed the dV/dT.  For most solids, the value is 

negative (i.e. the velocity decreases with increasing temperature).  Tables therefore often 

indicate a negative sign in front of the column title (e.g. –dV/dT) to avoid a negative sign in 

front of each of the entries.   

 

Many references exist where tables of approximate values for acoustic velocity can be found 

[3,4,5].  In almost all cases the temperature at which the velocity was determined was ambient 

lab temperature.  Since most indoor lab environments have ambient temperatures around 

20°C, small variations from that temperature (e.g. on the order of +/- 5°C) are not generally 

considered significant when using the velocities published in the literature.  However, when 

required to work on objects in locations where the ambient temperatures are much colder or 

warmer, the values of acoustic velocities can vary significantly from those taken in the lab.  

 

Laust Pedersen [6] provides an Excel table for a wide selection of materials’ acoustic 

velocities and also provides some dV/dT values some for plastics and RTV rubber.  Values 

provided in Pedersen’s Excel sheet reference the work of D.L. Folds [7] for all of the dV/dT 

values indicated.  Folds carried out his tests over a range of temperature from 0° to 30°C 

using direct contact through-transmission with 500kHz probes immersed in a circulating bath 

with controlled temperature.  Only values for the compression mode are supplied in Folds’ 

report.  

 

Mott [8] evaluated carbon steel (A533 and A508), stainless steel (304), polystyrene and 

Vespel (polybenzimidazole – PBI) in an evaluation for potential in-service inspections at 

operating temperature of nuclear components.  For the polymers, the temperature range used 

was 20° to 100°C for polystyrene and 20° to 150° for Vespels.  The three metals were 

assessed up to 300°C.  In all cases, only the compression mode was assessed.  
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From Mott’s graphs the dV/dT of the materials can be summarised as; 

 A533 Csteel -0.42 m/s/°C 

 A508 Csteel -0.57 m/s/°C 

 304 SS  -0.5 m/s/°C 

 Polystyrene -6.6 m/s/°C 

Black Vespel -4.3 m/s/°C 

Brown Vespel -3.7 m/s/°C 

 

Droney et al [9] reported dV/dT of the compression mode for two steels over a range of 20°C 

to 1000°C.  His graphs indicated that the temperature dependence of 304 stainless steel was 

approximately linear but for ANSI 1018 carbon steel it was nonlinear.  

dV/dT determined by Droney for L-mode only, over range of 20°C to 1100°C; 

 304 SS   -0.68 linear 

 ANSI 1018 CSteel -0.96 (approx) nonlinear 

 

In a report on green-body ceramics, Gieske [10] used a fused silica reference sample and 

determined that it had a positive dV/dT for the compression mode.  

 L-mode of Corning 7940 Fused Silica from about 20° to 1200°C 

  +0.3 m/s/°C (not linear) estimated from curve on graph 

 

Work in the temperature range below 0°C is rare in the literature.  Smith [11] assessed dV/dT 

of the L-mode using cooled bath (20°C down to -40°C) using a pulse-echo technique with a 

5MHz probe.  His work focussed on polycarbonate (Lexan) and some of its fibre-composite 

structures.  Estimates from his plots indicate dV/dT as; 

 Lexan  -3.3m/s/°C 

Fibre composites of varying percentage volume fill of XAS/Lexan and AS4/Lexan had the 

same dV/dT but velocities were all higher than pure Lexan 

 

Carlson et al [12] used an immersion pulse-echo technique on PMMA and PEEK samples 

using two different frequencies.  Results from the 5MHz probe indicate dV/dTs for the 

compression mode as; 

 PMMA -3.2m/s/°C 

 PEEK  -1.9 m/s/°C 

 

Mott’s [8] work referenced Salama [13] in reference to the dV/dT of the compression mode in 

A533 steel.  Salama used several different samples of the steel and noted that variations 

existed from sample to sample.  They found that there was a range of dV/dT in the same alloy 

from about -0.62m/s/°C to -0.64m/s/°C and tests were at sub-zero temperatures (e.g. -40°C). 

Salama [14] had previously reported on the compression mode values of dV/dT for 

aluminium and copper at temperatures down to -90°C but did not provide the velocities 

recorded; 

 Al6063-T4 varied for sample -1.066 to -1.111 

 Al2024-0 varied for sample -1.0 to -0.923 

 Cu CDA110 varied for sample -0.487 to -0.509 

 

Asay and Guenther [15, 16] carried out acoustic properties studies on polymers in the late 

1960s to evaluate their use in the nose-cones of ballistic re-entry vehicles.  This work 

included some of the few documented dV/dT values for shear mode.  Asay and Guenther’s 

tests were carried out using a contact through-transmission technique with aluminium buffers 

over a range of temperatures from 25°C to between 60°C to 120°C (depending on the 

material).  
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2. Setup 
 

The range of temperature used in this project is from 20°C to 70°C.  Pulse-echo contact 

probes were used to monitor the first and second backwall signals.  Transit times of a 

reference peak were recorded as the sample temperature was adjusted.  Probes used included a 

Xactec QS-HR 5MHz 9mm diameter for the compression mode and Panametrics V155 

12.5mm 5MHz probe for the shear mode.  Honey was used as a couplant for both probes.  

Because no special precautions were used to protect the elements from the heat, it was 

considered prudent to limit the temperature of the sample to a maximum of 70°C.  

 

The pulser-receiver used was an Adaptronics PCPR100 with a Sonotek STR8100 digitiser 

used at 100MHz sampling rate.  Winspect software was used to facilitate the A-scan display 

and the timebase was expanded to permit interpolation of the times to within +/-5ns.  

 

Heating of samples was accomplished by means of a 14x18cm Best Value Vacs Heatpad 

equipped with a digital temperature controller (typically used for glass vacuum chambers).  

The heating pad was bonded to an aluminium plate on which samples could be placed for 

heating.  See Figure 2.  

 

 
Figure 2: Equipment setup with examples on heating pad. 

 

In Figure 2 a masking-tape patch is indicated as being placed on the edge of the heated 

aluminium plate and on the sample.  The tape was used as a high emissivity target for the 

infrared thermometer.  Although the digitally controlled heating pad is accurate to about 

+/0.5°C, there is a hysteresis effect when heating samples.  It takes some time for the upper 

surface of the sample to achieve the same temperature as the lower sample.  Using a Fluke 

62Max infrared thermometer, the temperature of the aluminium plate was compared with the 

top surface of the sample by monitoring the temperature of the tape which was assumed to 

have an emissivity of 0.95.  As a check on the accuracy of the infrared reading, the value 

indicated by the digital readout of the heating pad controller was compared to the value read 

by the infrared thermometer.   

 

To avoid hysteresis effects, the sample was taken to the maximum temperature and then 

readings were recorded as the heating pad controller was set to lower temperature values until 

room temperature was reached.  For highly conductive materials such as metals, the samples 

achieved a balanced temperature within a few minutes.  Since the test was not carried out in a 

closed chamber, some of the polymer samples’ insulating characteristics prevented achieving 
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a balanced temperature between the top and bottom surfaces at the upper temperatures.  When 

this occurred, the sample was considered to have reached a stable level when the upper and 

lower temperatures were within 3 degrees of each other.   

 

Because the tests used standard probes (i.e. contact probes without special provisions for heat 

resistance) it was considered suitable for only relatively hard materials. This is because the 

process of contact testing requires some pressure on the sample to effect coupled contact.  

Soft materials would deflect under even slight pressure causing the measured thickness to 

reduce during the test.  

 

For soft materials, an immersion setup similar to that described by Ginzel and Turnbull [17] 

would be preferred; however, precaution would need to be taken not to elevate the water 

temperature more than about 40°C to avoid risk of damaging the immersion probes.  

 

Although effort was made to provide a dV/dT for both compression mode and shear mode, a 

useful shear mode signal was not always possible to obtain with the contact 5MHz probe 

used.  

 

3. Typical Plots and Tabulated Results 
 

Acoustic transit-time measurements were read directly from the A-scans.   

Sample thickness was recorded prior to the tests using a digital Vernier calliper.  Readings 

were considered accurate to within 0.01 mm.  Velocities could then be calculated for each 

temperature interval using v=2d/t2-t1 where d is the sample thickness and t2 and t1 are the 

arrival times of the second and first backwall signals respectively.   

 

When plotted with velocity versus temperature, the slope of the linear trendline provides an 

approximation of the dV/dT.  Figure 3 illustrates the results for the polystyrene (Rexolite) 

sample.  This sample was 18.04mm thick so failed to provide a balanced temperature on the 

top and bottom surfaces above 45°C.  Note that the trend value for the compression mode is 

recorded as -2.43 m/s/°C and this is significantly lower than the -6.6 m/s/°C that Mott [8] 

reported yet higher than the -1.17 m/s/°C that Folds [7] reports for crystalline polystyrene.  

 

 
Figure 3: Sample plots of dV/dT for compression and shear modes Rexolite 
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Figure 4: Sample plot of dV/dT for compression black HDPE (pipe sample)  

 

Figure 4 is a plot of the dV/dT for a sample of HDPE pipe material.  The trend of -6.12m/s/°C 

is relatively high compared to some materials but even within the same type of material, large 

variations can occur.  Natural HDPE plate was measured at -7.34 m/s/°C and black HDPE 

plate was measured at -5.34 m/s/°C.  Polymers of even the same admixture of constituent 

components can have significant variations in velocities and dV/dT as a result of variations in 

crystallinity due to extrusion and cooling rates.   

 

Although some samples measured in this report differed significantly from other researchers’ 

values, some were very similar.  For example, the dV/dT value obtained by the authors for 

1018 carbon steel was 0.9 m/s/°C and that obtained by Droney [9] in 1986 was -0.96 m/s/°C 

and that was taken up to 1000°C.   

 

With metals, even though they may be of the same alloy, rolling and heat treatment 

differences may result in different grain structures which can result in variations in velocity 

and dV/dT.  

 

Table 1 is a summary of acoustic velocities and dV/dT values.  NR indicates that the value 

was not reported by the author identified.  Velocities reported by the authors of this study 

were those obtained by the pulse-echo contact method at room temperature.    
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Table 1 Acoustic Velocities and dV/dT values of selected materials 

 

Material Trade 

Name 

Generic Name L-mode S-mode Source
2
 Velocity1 

(m/s) 

-dV/dT 

m/s/°C 

Velocity1 

m/s 

-dV/dT 

m/s/°C 

Aluminium 6061 6312 1.47 3160 0.92 G&G 
Aluminium 6063 NR 1.1 NR NR S 
Aluminium 2024-T4 6499 1.83 3165 0.97 G&G 
Aluminium 2024-0 NR 1.0 NR NR S 
       
Copper CDA110 NR 0.5 NR NR S 
       
Carbon steel 1018 5915 0.90 3258 0.20 G&G 
Carbon steel 1045 5962 0.56 3279 0.77 G&G 
Carbon steel A533 5762 0.42 NR NR M 
Carbon steel A508 5773 0.57 NR NR M 
Carbon steel 1018 5980 0.96 NR NR D 
Carbon steel A533B 5790 0.62 NR NR S 
       
Stainless steel 304 5879 0.28 3160 0.59 G&G 
Stainless steel 304 5799 0.5 NR NR M 
Stainless steel 304 5790 0.68 NR NR D 
       
Yellow Brass 33% zinc brass 4160 1.58 NR NR G&G 
       
Inconel 718 5789 0.50 NR  G&G 
       
Iron Grey Cast 4737 1.13 NR NR G&G 
       
Glass Boro Float 5557 -0.02 3421 -0.45 G&G 
Glass Soda Lime Float 5810 -0.22 3463 0.12 G&G 
Glass Fused silica 5939 -0.68 3760 -0.27  
Glass Fused Silica Corning 7940 5950 -0.3 NR NR G 
       
Lexan Polycarbonate 2297 3.48 955 1.75 G&G 
Lexan Polycarbonate 2470 3.3 NR NR Sm 
Lexan Polycarbonate 2220 2.63 908 1.23 A 
       
Perspex/Lucite Polymethylmethacrylate 2723 5.60 1360 2.24 G&G 
Perspex/Lucite PMMA 2750 3.2 NR NR C 
Plexiglass PMMA 2710 3.20 1391 3.51 A 
       
Ultem Polyetherimide 2500 1.67 1074 0.68 G&G 
       
Delrin Acetal (black) 2255 6.46 NR NR G&G 
Delrin Acetal homopolymer 2515 6.97 NR NR F 
Delrin Acetal homopolymer 2470 6.00 1090 5.72 A 
Celcon Acetal coplymer 2513 6.35 NR NR F 
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Material Trade 

Name 

Generic Name L-mode S-mode Source
2
 Velocity1 

(m/s) 

-dV/dT 

m/s/°C 

Velocity1 

m/s 

-dV/dT 

m/s/°C 

       
Rexolite Polystyrene (crosslinked) 2302 2.43 1158 0.91 G&G 
Rexolite Polystyrene (crosslinked) 2400 6.6 NR NR M 
Styrene 50D Crystal polystyrene 2334 1.17 NR NR F 
Styron Modified polystyrene 2242 3.26 NR NR F 
       
LDPE Low density PE (black) 2242 5.60 NR NR G&G 
LDPE Polyethylene 1990 9.14 534 2.49 A 
DFD 0600 Low Density PE 2266 8.69 NR NR F 
       
HDPE High density PE (blk plate) 2504 5.34 NR NR G&G 
HDPE High density PE (blk pipe) 2415 6.12 NR NR G&G 
HDPE High density PE (white plate) 2579 7.34 NR NR G&G 
HDPE Polyethylene 2560 8.00 1110 6.94 A 
Marlex 5003 HDPE 2559 5.97 NR NR F 
Hy-Fax 1900 UHMW polyethylene 2364 5.44 NR NR F 
       
Aqualene 250 (48 durometer) 1565 3.00 NR NR G&G 
       
Celazole/Vespel Polybenzimidazole (PBI) blk 2720 4.3 NR NR M 
Celazole/Vespel Polybenzimidazole (PBI) brn 2420 3.7 NR NR M 
PEEK Polyetheretherketone 2586 1.9 NR NR C 
Profax Polypropylene 2836 0.93 NR NR F 
Zytel-101 Nylon-101 2705 3.15 NR NR F 
Penton Chlorinated polyether 2569 5.70 NR NR F 
Udel/Ultason Polysulfone (PSU) 2297 1.38 NR NR F 
Noryl Modified phenylene oxide 2296 1.70 NR NR F 
PPO Polyphenylene Oxide 2293 1.52 NR NR F 
Lexan Polycarbonate 2280 3.58 NR NR F 
Cycolac Acrylonitrile-butadiene-styrene 2268 2.70 NR NR F 
PRC-1933-2 RTV-silicone rubber 948 2.47 NR NR F 
WR-106-1 Fluoroelastomer 872 2.61 NR NR F 
Teflon Tetrafluoroethylene (TFE) 1400 2.95 501 1.98 A 
Poly-Penco nylon Nylon (polyamide) 2720 5.76 1120 7.51 A 
1 

Approximate velocity at room temperature 
2
 G&G=Ginzel and Ginzel (this report) 

2
 M=Mott 

2
 F=Folds  

2
 S=Salama  

2
 C=Carlson  

2
 D=Droney

2
  Sm=Smith 

2
 G=Gieske 

2
 A=Asay 

 

Note dV/dT values from the various sources were collected at a variety of temperature ranges.  

Some of the referenced sources did not supply specific dV/dT values.  For these materials, the 

values indicated in the table are estimated from the graphs provided in the referenced papers.  

And although some of the graphs indicated nonlinear plots, the estimates in this table were 

based on the max/min trend.  
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4. Discussion on Approximations 
 

When comparing dV/dT values of this project with other results in the literature, it is seen that 

there is rarely exact concurrence between findings.  Results can be close in some cases, yet 

noticeable difference can also be noted.  Some of the variation may be attributed to tolerance 

errors.  But some variations can just as easily be attributed to specimen variations.   

 

Some of the sources of variations could include; inaccuracies in identifying the same point on 

the waveform for the 1
st
 and 2

nd
 backwall, timing tolerances due to the digitisation rate (e.g. 

rounding to the next highest or lowest sample interval), exact temperature of the sample 

(assumed to be uniform through the full thickness), and thickness variations due to caliper 

measurement tolerances. 

 

The temperature range over which the dV/dT is estimated can also be a source of difference in 

the estimated dV/dT.  Over the range of approximately 50° used in our study, the linear trend 

values may be different than when larger ranges are used.  Mott worked up to 300°C while 

Droney reported on velocities at temperatures over 1000°C and identified nonlinear results.   

 

Schaaffs’ [18] famous compendium of molecular acoustics provides a large database of 

velocities and attenuation values for gases, liquids and many solids.  In the section on 

isotropic or quasi-isotropic solids there is an observation made that measurements made by 

the various authors often vary significantly for the same material, even for pure metals.  This 

he attributes to the potential variations in the way that material processing can affect the 

measurements.   

 

5. Conclusions 
 

Dependence of acoustic velocity on temperature has been assessed over a range of 

temperatures from 20°C to 70°C.   

 

The equipment setup used required no elaborate temperature precautions apart from those to 

avoid damage to the ultrasonic probes.  Contact pulse-echo was used with an accurate 

thermally controlled heating plate and a non-contacting infrared thermometer.  

Several samples had dV/dT values obtained for shear mode.  

 

Several glass samples were examined and, unlike metals, had a tendency to have an increase 

in velocity with increasing temperature.  

 

A table of values of dV/dT has been assembled using results from this study and others in the 

literature.  
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