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Achieve the Best Density Measurement Results

Did you know that an air bubble of 1-mm diameter in a sample can cause an error of 0.000052 g/cms in the
measurement result? Or that a temperature change of 0.01 °C can have an impact of 0.00011 g/cm3 on the
measured density? Modern digital instruments are easy to use and allow the density of liquids to be determined
with a high degree of accuracy — however, high-resolution instruments provide no guarantee for accurate results.

Ensuring accurate density measurement results requires taking direct action fo avoid inaccuracy throughout
the workflow process. This document explains what precautions should be faken to prevent errors and achieve
the best results when measuring the density, specific gravity, and concentration of liquids.
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Determine Your Sample Type

Before you begin your measurement, it is important to understand the necessary precautions fo take depending
on your sample type.

E

Viscous samples

Take extra care when measuring viscous

samples to ensure that the sample does

not contain air bubbles upon introduction ==

into the measuring cell. This can be done

by first warming the sample in a closed — - S —
vessel, and then allowing it o stand - "

for a few minutes. Doing so decreases »-

the viscosity of the sample, allowing air
bubbles to escape more easily.

Another point of concern when measuring viscous samples is the shear force that arises when a viscous sample

is infroduced into the measuring cell. Shear forces can give rise o inaccurate results: usually, the density value
displayed by the density meter is foo high. Some density meters — including METTLER TOLEDO Excellence Density
Mefers — have a “viscosity correction” option and are able to account for this viscosity measurement error, deliver-
ing results which are autfomatically corrected. If available on your instrument, this viscosity correction option should
always be turned on to obtain the best possible accuracy for samples with a viscosity greater than 25 mPa-s.

Automation of measurements for samples with a viscosity of up to 36,000 mPa-s (similar fo the viscosity of lig-
uid honey) is possible with the METTLER TOLEDO SC1 and SC30 automation units. The heated version, SC1H or
SC30H, of these automated units can be used for samples with an even higher viscosity, or even samples such
as paraffin that are solid at room temperature. Heating the sample up to 80°C allows fo reduce the viscosity
accordingly.

Aggressive samples
Make sure that all parts which come in
contact with the sample are resistant!

If concentrated acids or bases (e.g. H2S0s,
HCI, NaOH) are measured, rinse the cell
with plenty of water immediately after the
measurement to avoid excessive heating
stress for the cell.

Automation — such as using the METTLER
TOLEDO SC1 or SC30 automation unifs —
is recommended for routine measurements
of aggressive or toxic samples to minimize
contact with such hazardous substances. Higher occupational safety is guaranteed as the handling of these
substances is minimized, and evaporation of the substance into the air is prevented. To prevent corrosion when
measuring sfrongly oxidizing acids such as concentrated HNOs, the SC1 or SC30 can be equipped with a special
Hastelloy needle (C22).




Volatile samples

Air bubbles may form during the measurement as a result of the sample degassing. The solubility of a gas in a
liquid usually decreases with increasing temperature. For this reason, samples that show a tendency fo degas
(e.g. winter gasoline which confains dissolved bufane) should be cooled fo a temperature below that of the mea-
surement (e.g. stored in a fridge) before infroduction into the measuring cell and stored in a closed vial filled to
the top. Furthermore, such samples should always be introduced info the measuring cell under positive pressure
and not, as is usually the case with many automated sampling pumps, sucked info the cell as this bears the risk
of degassing due to reduced pressure. The METTLER TOLEDO SC1 and SC30 automation units are suitable for
such samples using pressurized sampling.

Samples with dissolved gases
Samples such as carbonated soft drinks with dissolved gases must be degassed prior to measurement. Other-
wise, obtained results will be incorrect.

To degas CO2 of samples such as soft drinks, stir them for several minutes until bubbling stops and/or use a
paper filter. The METTLER TOLEDO InMofion sample changer allows degassing of carbonated beverages prior
to the measurement, with a combination of air flow and stirrer, directly in the beaker.

To remove dissolved air, other fechniques can be used. Pure organic solvents can be put in an ultra-sonic bath
for a few minutes. Other samples can be boiled for several minufes fo remove the dissolved air.

Example: When water is measured af temperatures above approximately 35—40 °C, problems offen occur due to
dissolved air. To prevent this, boil the water for af least 10 minutes, keeping it boiling until use and infroducing it
to the measuring cell while still hot so that the cell has to cool the sample by at least 1 °C.

Non-homogeneous samples/suspensions

If solutions or suspensions are allowed to stand, E=
part of the solid material may settle or a concentration ;
gradient may form. Stir the sample well before taking

a sample. Make sure that no air bubbles are introduced

during stirring. The METTLER TOLEDO InMotion sample

changer allows for stirring of the samples in the beaker

prior to the measurement. This homogenizes the sample o %
and prevents sedimentation. | \

If you have to measure suspensions, if is offen not pos- Y — w
sible o completely homogenize the sample (e.g. kefchup

or cream). In such cases, the measurement should be repeated several fimes and the mean value of the individual
measurements calculated in order to obfain reliable values. With the METTLER TOLEDO Excellence Density Metfer,
measuring non-homogenous samples or suspensions is even easier when you do the following:

e Use measurement reliability “Medium” or a fixed measurement duration

¢ Use the mulfiple measurement function to help you obtain repeated values

R TOLEDO |
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2 Test Your Density Meter

Before measuring the density of liquids, it’s important fo regularly verify the measurement accuracy of your sys-
tem by measuring a sample of accurately known density (e.g. distilled water or a standard) which is called test,
calibration or check. After completing the check or fest, the measured density is compared to the known nominal
value of the sample.

Test (Calibration)

How often?

It is a good practice to check that the measuring cell is fully clean and dry before each analysis. This can be done
simply by measuring the value of the empty cell. If this value is equal to the air value (0.001205 g/cms at 20 °C),
contamination-free measurement of the next sample is guaranfeed. This can be done easily with just One Click on
the “Cell Test” shorfcut with METTLER TOLEDO Density Mefers.

On a daily basis, it is recommended that you complete a fest of your density meter with water (0.998203 g/cm3
at 20 °C). This daily test should be completed once a day, to guarantee that there is no drift of the instrument.

On a less frequent base (weekly, monthly or even yearly, depending on QA requirements) a test with a certified
standard within your measurement range is recommended to check the measurement accuracy around the den-
sity values of your samples.

METTLER TOLEDO Excellence Density Meters offer the possibility fo define fixed intervals for fest sets with an
automatic reminder for the operator. Measurement methods can be set up in a way that the operator is warned
again or the instrument is blocked from use if the defined fest interval has expired.

o3} Cell parameters asks =] cell
Setup » Hardware » Cell » Parameters Methods / Products » Methods » Method » Measure » Cell

Test set Water20.00C ﬁ Adjustment set Air&Water20.00C E
Monitoring test set Vv Action when expired Warn “
Test interval 7 Days ﬂ Adj. temperature 20.00 °C (Range)

Expiry date 04/06/2018 14:56:51 Verify test set v
Reminder v Test set Water20.00C =
Days before expiration 3 Days m Action Black ﬂ

Which substance?
Readily-available and stable solvents like deionized water, analytical grade foluene, or similar can be used.

The most frequently-used fest substance is deionized water as it is available in almost every laboratory and
in a high and reproducible purity. It might be necessary to degas it by boiling, especially when measured
at femperatures above approximately 35—-40 °C..

A different test can be defined separately for tests performed in larger infervals (e.g. on a monthly or yearly
basis), using certified and traceable standards for quality assurance and fraceability purposes.

METTLER TOLEDO offers combined (density and refractive index) certified standards in different ranges:
e \Water (0.99... g/cm3; nD 1.33..)

e Dodecane (0.75... g/cm3; nD 1.42..))

e 2,4-dichlorofoluene (1.25... g/cm3; nD 1.55...)
e 1-bromonaphthalene (1.48... g/cm3; nD 1.66...)

15} Density Guide
METTLER TOLEDO
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Which tolerance should be applied?
The following guidelines may help to define reasonable tolerances so that frequent error messages caused by
tolerances which are foo strict can be avoided.

For deionized water (where the uncerfainty of the water is usually not known) the tolerance should be defined
at 2 times the instrument resolution plus the operator repeatability (the non-linearity of the cell has been set to
zero for deionized water, if it was used for the adjustment as well)

- Never go below that value range, otherwise there is a high risk of frequently producing false failed tolerance
tests, which are only caused by internal rounding. But keep it in general as narrow as possible according
the instrument resolution and operator repeatability.

- Example: D4 Excellence Density Mefer with a resolution of 0.0001 g/cm3
Operator repeatability = 0.00005 g/cm3 (standard deviation when the operator measures the same sample
3 fimes in a row. If an operator works properly, he should not get a S.D. more than that of the instrument’s
rounding capability).

Tolerance = (2 x instrument resolution) + operator repeatability = 0.0002 g/cm3 + 0.00005 g/cm3
- Round up fo a tolerance of £0.0003 g/cm3.

When using certified organic standards which usually have a relatively high temperature coefficient (density

change with temperafure change), please also allow for the specified temperature error of the instrument.

So there are four components which normally have to be summed up fo form the tolerance, in order fo avoid

establishing tolerances which are too strict:

Uncertainty of the standard, limit of error instrument, temperature error and repeatability.

- Example: certified standard 2,4-dichlorofoluene with the following stated values:

Temperature Density [g/cm3]

156 °C 1.25477 + 0.00003
20 °C 1.24954 + 0.00003
25 °C 1.24432 + 0.00003

Instrument = D5 Excellence Density Meter with a resolution of 0.00001 g/cm3, limit of error of 0.00005 g/cm3

(for the density range of the standard) and limit of error for the temperature of 0.02 °C.

(@ Uncertainty of the standard: +0.00003

(b) Limit of error instrument: +0.00005

(©) Temperature error: £0.00002

- 0.00002 = 0.02 °C (limit of error for the temperature) * 0.00104 g/cm3 /°C (o temperature coefficient)
bzw o temp. coef.

- 0.00104 = 1.25477-1.24432 / 10 (d at 15°C - d at 25°C / 25-15)

(d) Operator Repeatability: £0.00001 (example, has o be determined)

Tolerance = sum of the 4 components = £0.00011 g/cm3

This is an example and the tolerance has to be calculated specifically for each combination of standard
and instrument. The tolerance for a certified standard may become larger than the 2 to 5 times instrument
resolution as it is the case for a normal test with local deionized water.

What to do if the test fails?
If the value obtained when testing the instrument with known standards deviates from the expected (true) value
more than the defined tolerance, proceed as follows:

O~ wWN =

. Check if the correct substance has been used, e.g. pure fresh deionized water.

. Clean the cell thoroughly and completely dry it in the end (see Chapter 5: Clean Your Density Meter).

. Measure the density air value and verify if it is correct, i.e. if the instrument is completely clean and dry.

. Repeat the Test.

. If the test continues to fail with varying results from each fest, then the cleaning should be continued with

more care, possibly using more powerful cleaning solvents and longer cleaning cycles, until the test plus the
air measurements in between show repeatable behavior. A new adjustment should only be performed if
the test fails repeatedly with the same result. (For example, if the test fails repeatedly with an incorrect
value of 0.88170 g/cms3 three times.) See Chapter 6: Adjust Your Density Meter.
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3 Prevent Sampling Errors

With a syringe

Manual sample handling with a syringe is always operafor-dependent, which means that it is error-prone, difficult
to reproduce, and fime-consuming. Make sure that your operator is properly trained and injects the sample in a
reproducible manner.

Use 3-component syringes with a rubber O-ring as they allow a much better speed confrol than
cheap 2-component syringes.

\We recommend “overfilling” the cell by af least an exira 10-cm. If the cell is nof overfilled, possible contamina-
tion might remain and could yield an incorrect measurement result (see below):

By “overfilling” the cell by at least an exira 10-cm, you ensure that any confamination is pushed out — further
ensuring that only new sample is left in the cell.

Fill the measuring cell af a slow speed and with a laminar flow (6—10-cm per second) to ensure complete wetting
of the cell walls (no frapped bubbles along the walls).

Make sure that no air is frapped in the syringe. The plunger has to be pressed slowly and confinuously without
stopping. For the METTLER TOLEDO Excellence Density Meters, a dedicated syringe holder facilitates handling
when filling the sample into the measuring cell, preventing bubbles (which are rising in the syringe).

Automatic filling

Automatic filling systems ensure that the cell is filled with the correct speed and in a reproducible manner, inde-
pendent of operators and samples.

With the METTLER TOLEDO SC1 and SC30 automation units, it’s even possible to fill very highly viscous or sticky
samples into measuring cell (such as highly viscous oils, viscosity improvers, creams, molasses or liquid honey).
The sampling speed can be easily adjusted for different sample viscosities in the defined products or methods.



Prevent bubbles
After the filling, check if the cell is bubble-free. Air bubbles (or a thin air film) are a serious problem. Even very
small quantities of air cause big errors when performing density determinations:

Diameter of the air bubble [mm] Max. measuring error caused [g/cm3]
2 0.000838
1 0.000052
0.5 0.000003

Density Guide

The problem is that most small bubbles or air cushions (due to bad wetting of the cell) are not or hardly visible
by eye. Also in dark samples bubbles are hardly visible.

METTLER TOLEDO Excellence Density Meters offer a live video view of the measuring cell, allowing to view any
bubbles, with a 6x zooming function. This video is stored together with the measured data for later analysis. In
addition the built-in Bubble CheckTM will automatically detect bubbles. However, the most reliable results are
ensured with a Multiple Measurement (see Chapter 4. Measure and Document Your Results).
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4 Measure and Document Your Results

Ensure reliable resulis

Automatic result conversion

Often the result has to be converted using a fable, e.g. from density to concentration. Looking up in or interpolat-
ing from a fable is error-prone and time-consuming. Automatic conversion using built-in tables (e.g. alcohol, Brix,
femperature compensation according fo API) prevents reading or calculation errors and saves time. A digital den-
sity meter allows the use of built-in conversion tables fo show the resulf directly in the desired unit.

METTLER TOLEDO Excellence Density Meters have following built-in result units/concentration tables:
e Specific gravity, light and heavy Baumé, Twaddell

e Sugar: Plato, Brix (Emmerich, NBS 113), HFCS 42/55, Invert Sugar, KMW, Oechsle, Babo

e Alcohol: OIML, AOAC, Proof Degree, HM C&E, Gay Lussac

e Petro: API degrees and gravity fables for crude oils, refined products and lubricants

e Up to 30 user-defined concentration tables (can be enfered as tables or formulas)

Error detection

It is offen very difficult, or even impossible, to visually detect bubbles or thin air cushions. Therefore digital density
meters often have automatic bubble detection, for instance the Bubble Check™ of METTLER TOLEDO Excellence
Density Meters. But there are also other possible error sources such as remaining rinsing liquids etc.

If you want to be sure about your results, do a 2 (or 3) fold measurement and fake the mean value.
The dafa quality drastically increases.

The most reliable error detection is done by measuring the sample several times, moving it slightly in the cell
between each measurement. Any air bubble or impurity would move with the sample, giving different measure-
ment results. METTLER TOLEDO Excellence Density Meters in combination with an automation unit offer a fully
aufomatic mulfiple measurement with a definable maximum standard deviation.

=| Error detection

Methods / Products » Methods » Method » Measure » Error detection

Bubble Check v
Multiple measurement ‘/
No. of measurements 2 “
Refill ratio 25 % “
Max. SD 0.0005 gfem’ ﬂ
Repeat if failed v
Cancel oK

A 2-fold measurement with reliability medium (extrapolated) fakes about the same time as T measurement at
maximum measurement reliability but delivers far better data quality!

In cases where a bubble may not be detected by the Bubble Check™, it would be securely detected with the
mulfiple measurement. And for samples which are not homogenous (e.g. density gradients, etc.), a mean value
is much more representative than just a single measurement.



Result limits

In quality confrol, the density is used o check if a product is within defined limits or not. METTLER TOLEDO Excel-
lence Density Meters offer a product approach. The same measurement method might be used for several sam-
ples, but some sample specific parameters (like viscosity correction, filling speed etc.) can be defined for each
product. Additionally, the lower and upper result limits can be defined. Measured products are then automatically
verified with the limits and the color of the result(s) indicates if specifications are met: green = passed, red = failed.

[} us004: MEASURE Tasks ()

Sample 1D: 101

(3 us004: MEASURE Tesks ()

Sample 1D: 1D1

End of task End of task

d [g/em’]

d[g/em®]  1.21421 d[gfem®]  1.21414
Tset[°C]  20.00 Tset [°C]  20.00
]_ ) 2 142 1 Teell [°C] 20000 1 . 2 14 14 Teell [°C] 20000
bl cell view oK bl cell view oK

results results

Proper documentation

Hand-written results bear the risk of transcription errors. Depending on the environment, there is no guarantee
that this kind of documentation fulfills regulatory requirements.

Regulatory requirements are easy fulfilled when using a prinfer or PC software. GLP-compliant prinfouts confain
all of the necessary information for complete documentation. METTLER TOLEDO Excellence Density Mefers can
be used with a standard network printer or a USB compact printer for GLP-compliant prinfouts.

Printouts must be manually managed and filed, which is a potential source of errors and incompleteness.
Using PC software for data collection and management has the advantage of greater data reliability and easier
future accessibility.

The software LabX® in connection with Excellence Density Meters stores all data centrally and in a SQL database.
It offers ERP/LIMS connectivity, customized reports, secure traceability and the features according fo 21 CFR

Part T1/EU Annex 11. The software can be connected remotely via Ethernet saving valuable bench space and
enabling the operator fo perform all operations from the instrument terminal.

10 | Density Guide
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5 Clean Your Density Meter

Inappropriate cleaning is the most common source of erroneous results! Make sure that the mea-
suring cell does not contain any residue from previously measured samples or rinsing solufions.

Deposits of previously measured products are not always visible. For example, if products containing oil or fat
are measured, the measuring cell may be coated with a very thin film of oil. To prevent this, the cell should be
cleaned with suitable rinsing solutions (as described later) and dried — preferably after each measurement.

If all measured samples are of a similar kind and able fo dissolve the residues in the measuring cell (e.g. when
the density meter is used to measure different juices), it is also possible to skip the cleaning and do a large over-
sampling with the new sample fo ensures a complefe removal of the old one (“analytical rinse”).

Restrictions:

¢ Use af least a sampling pump (e.g. METTLER TOLEDO SPR200), a proper over-sampling is difficult fo achieve
with a syringe.

¢ Immerse the sampling tube of the pump in the sample, then remove it so that air is sucked in the tube (~2-3-cm
air in the tube) and immerse it again in the sample. Repeat this procedure approximately 5 times before the cell
is filled for the measurement. This ensures that the old sample is properly flushed out of the cell.

e \erify the procedure to make sure that the required repeatability and limit of error are maintained. Measure the
most critical sample first (for instance, the one with the highest sugar content) followed by deionized water
then repeat this step a couple of times.

e |f sugar-containing products are measured, make sure that the cell remains filled betfween measurements,
either with sample or with water, to avoid the sample drying out and crystallizing sugar on the cell walls.

e Completely clean and dry (as described below) the measuring cell at least once affer each working day.

Rinse

Before the beginning of rinsing, remove all sample from measuring cell and tubes. For each kind of sample,
2 appropriate rinsing solvents have fo be defined.

Purpose of the 15t rinse: Must be able fo completely and quickly dissolve all the sample, so that no contamina-
tion is left in the cell. This solvent is often nof very volatile.

Purpose of the 2nd rinse: Must completely dissolve the 15t solvent above, and it must evaporate quickly without
leaving any residue to enable quick drying afferwards. Please make sure that this solvent is free of water, other-

wise it does not evaporate quickly enough. The use of acetone is preferred. If acetone is not allowed, use ethanol
(must be puriss >99.9%, NOT 96% and NOT denatured).

Some general recommendations for the rinsing solutions:

Sample Solvent 1 Solvent 2

Water based Water Acetone or Ethanol (puriss)
Acids Lots of water Acetone or Ethanol (puriss)
Fats and oils Deconex* (0.3 to 0.5% in water) Acetone or Ethanol (puriss)

Pefrochemicals

Toluene or Petrol Ether

Hexane or similar if temp. is >30 °C
At room temp. use low-boiling petrol ether
mixture or acetone

Conc. sugar solutions/syrup

Water (use enough water before rinse with
acetone - risk of polymerization)

Acetone (puriss)

* Deconex dissolves well in water, acetone, and ethanol! Available from METTLER TOLEDO.
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Dry

Even very small quantities of rinsing liquids (or residues of previously measured samples) in the cell may cause
substantial measuring errors.

Example: If the density meter cell was rinsed with ethanol and not completely dried, and then a measurement of
water is performed, the error due to remaining rinsing liquid is as follows:

Remaining ethanol in cell [pL] Measuring error caused [g/cm3]
10 0.001500
1 0.000150
0.1 0.000015
0.01 0.000001

Dry the cell completely with dry air by using a drying pump (e.g. DryPro from METTLER TOLEDO).

Usually, ambient air is aspired through a bed of silica gel drying agent. Please make sure to replace or re-activate
the silica gel well before it is spent (usually indicated by a color change). Using inactive silica gel carries the

risk that moisture from the ambient air is condensed out inside the cold measuring cell of your instrument, thus
contaminating each sample with a layer of condensed water which clings fo the cell walls. Such condensation
will hardly be visible by eye. This risk increases the more the cell temperature lies below room temperature.

To check if the cell has been dried completely, i.e. an appropriate drying time has been chosen, measure the
air density and compare it to the known value at that temperature (0.001205 g/cm3 at 20 °C). This can be done
easily with just One Click on the “Cell Test” shortcut with METTLER TOLEDO Density Mefers.

Fully automatic cleaning

With the METTLER TOLEDO SC1 and SC30 aufomation units, the measuring cell is autfomatically cleaned and
dried. The two rinsing liquids for cleaning (e.g. water and acefone) are mixed with lots of air and pumped
through system at high speed. This results in a pulsafing flow which provides very efficient near-mechanical
cleaning and also reduces solvent consumpfion.

As the inside and outside of the SC1/SC30 sampling nozzle is thoroughly cleaned and dried after each measure-
ment, sample carryover is not possible.

With an automatic “Cell Test”, the cleanness of the cell can be verified.

(1 Manual operation cell Tasks Y

Manual operation cell

Cell test passed

- 10s

[ | d[g/an’] 0001214
) 3 Tset [°C]  20.00
Teel [°C] 20000

d[gfem?]

0.001214

Cell view OK



6 Adjust Your Density Meter

Frequent adjustment of the instrument does not necessarily guarantee accurate results. Any adjustment results in
changes being made to the instrument’s internal settings. If an adjustment is performed incorrectly, this will then
result in incorrect measurements.

Avoid frequent adjustment. If an adjustment is performed incorrectly, all subsequent measure-
ments will display the wrong resul!

Therefore we recommend the adjustment of the density meter only if the test has failed several times
(see Chapter 2: Test Your Density Meter).

Which temperature and substances?
Normally, density meters are adjusted with air and water.

The temperature for the adjustment should be the same as the usual measurement temperature, e.g. if samples
are measured at 40 °C the adjustment should be done at 40 °C as well. (Take care when using water at higher
temperatures! See Chapter 1: Determine Your Sample Type fo learn more about samples with dissolved gases
and the proper sample preparation).

If possible, never switch off instruments with built-in Pelfier thermostats. They are designed to ensure and maintain
absolutely stable and correct temperature (e.g. +2 to 4 mK for a D4 Excellence Density Meter) and are not made
for quick changes. If the instrument is switched off, wait for at least one hour after switching on again before per-
forming an adjustment.

How fo proceed?
Only adjust the instrument if the test (calibration) fails but in a repeatable way (see Chapter 2: Test Your Density Meter).

Prior to the adjustment the measuring cell must be complefely clean and perfectly dry. To ensure dryness, the cell

should be rinsed with a volatile solvent (e.g. acetone) and then dried by passing dry air through it for at least three
minutes before performing an adjustment (see Chapter 5: Clean Your Density Meter). Adjusting a cell which is not

completely clean and dry will lead fo a systemic error on the measurements performed subsequently.

Example: In the graph below 2 different adjustments are shown.

Green dofs and line = the cell was clean and absolutely dry at the beginning for the air part of the adjustment.
The water used as second standard is pure and not contaminated.

Red dofs and line = the cell was not dried completely; a thin film of moisture (condensed water) remains along
the cell walls, not completely removed by the dry air. The following water point then still measures correctly, as
the water is not confaminated. However, because the instrument is using an incorrect zero point for air (too high
due to the insufficiently dry cell in the beginning), it also calculates an incorrect slope, and samples measured
after this adjustment report inaccurate density values:

:z Result oo high ¢ . -~ ]

e * Samples with densities lower than water give

13 Wad too low results.

12 . .

. S e Samples with a density around water, and water,
weter 19 7 give correct results.
L 3 G i it i i
E os = 85 \éﬁ e Samples with densities higher than water give
?ll L9 Q .
= o 2 too high results.
2 A4S
@ 05 <
a I/

0.4

esult too low

03 /" Resultfoo |

0.2

0.1

air /
Oscillation
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Every error or offset caused by a wrong adjustment is a systematic error — it will add on fop of the
error specification of the instrument!

Follow your instrument’s instruction manual fo perform the adjustment.

After performing an adjustment:

e Always question the adjustment which you have performed — do these values make sense?

e \erify the validity by measuring air (0.001205 g/cm3 at 20 °C) and deionized water (0.998203 g/cm3 at
20 °C) afferwards.

e |f you are not able fo reproduce the nominal values which have been assigned in the adjustment, something
went wrong, either in the adjustment or in the following measurements.

¢ \When deviations are observed, repeaf the adjustment (or the measurement of air and water) after correcting
the problems (usually a more thorough cleaning and complefe drying is needed).

Adjustment analysis and automatic adjustments

METTLER TOLEDO Excellence Density Meters offer the possibility fo activafe an adjustment analysis. This brings
a warning if the deviation in the oscillation values (air and/or water) turned out too high and the adjustment can
be rejected. In addition, the adjustment hisfory can be viewed anytime, also as a graph.

(@ U8002: ADJUSTMENT

Adjustment - 2/2 (Water)

=] Adjustment Tasks

Methods / Products » ... » Templates » Configuration » Method » Adjustment

Adjustment analysis v
Standard 1 Ar Adjustment analysis failed.

5 Dev. 1 = 0.00009 cl,’cm3 (Max. 0.0005)
Max. deviation d1 0.0005 gfem 15 ) Dev. 2 = 0.00066 g/cm’ (Max. 0.0005)
Standard 2 Water
Max. deviation d2 0.0005 g/cm? “

Back

In the example given above, the reported deviation for water is 7 times higher than for airl This is typically the
case if something had gone wrong, either in the new adjustment just performed or in the previously active one!
We strongly recommend fo verify the new setting very critically in such a case. If they are found fo be wrong, the
adjustment should be repeated.

The METTLER TOLEDO SC1 and SC30 automation units help fo avoid erroneous adjustments, performing all steps

aufomatically, without operator intervention. With One Click™ on the Adjust shortkey, the following workflow can

be starfed:

e Thoroughful cleaning and drying of the measuring cell

e Cell Test verifying the density of air

o Adjustment with air

¢ Pushing the standard into the measuring cell at an accurately defined and reasonably low speed to ensure
complete wetting of the cell glass walls

e Adjustment with water

e Thoroughful cleaning and drying of the measuring cell
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7 Automate Your Workflow

The best way fo achieve the high quality density measurement resulfs is fo aufomate your workflow, in order
to minimize operator influence. METTLER TOLEDO SC1 and SC30 automation units allow to start with just
One Click™ the entire automated workflow:

METTLER TOLEDO l

Manual
Workflow

Automated

Workflow

Automation

Benefits

Complete daily air test,

View and Bubble Check

1. Checking read value, manually cell pheck, outqmohcally
defermine pass/fail receive pass/fail Free of human error
Insfrument: informatior? Information
SC1 and SC30 completes
2 Sompling & Use a syringe, manually automatic sampling and Consmterﬁ, increase in
. look for bubbles two fold measurement, repeatability and accuracy
Measuring: Identify bubbles with Video of results, saves fime

3. Determining
Results:

Manually look up values
on conversion table and
product table fo determine
pass/fail results

Determine results

with automatic results
conversion and receive
pass/fail information

Free of human error,
saves fime

4. Documenting
Results:

Document results via pen
and paper

Results are exported via
printer or PC Software
(e.g., LabX)

Free of human error,
saves fime

5. Cleaning &
Drying:

Use a syringe for cleaning
and an air pump for drying

Fully automatic cleaning
and drying is completed

Instrument is guaranteed
ready-fo-use for next use
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8 Frequently Asked Questions

What is density?

Density is the mass of a substance per unit of volume. It is used fo measure the compactness of a subsfance, and
is commonly expressed in g/cm3, or Ib/ft3. The density of a sample is expressed with the Greek letter “p” (the Latin
letter D can also be used) and is calculated as: p = m/v. For example, if you fill 500 cm3 of a sample info a glass
beaker, and the mass weighs = 1,000 g, then the density would be: p = 1,000 g/500 cm3 = 2 g/cm3.

What is the difference between density and mass?

Mass is a measure of how much matter there is within an object or liquid while density expresses how much
mass there is per a certain amount of volume. For example, 10 kg of steel and 10 kg of feathers have the same
mass, but different volumes therefore they have different densities.

What are some everyday examples of density?

Helium-filled balloons fly because the density of helium is lower than the density of air. Oil floats in water
because it has a lower density. This property is helpful if an oil spill happens in seawater. The fact that the oil
floats makes it easier to clean up.

What is the relationship between density and temperature?

The density of a sample is very much dependent on the temperature, therefore the temperature must be recorded
and contfrolled very precisely. The graph below shows changes in the density of water based on the femperature
it is measured at.
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Usually, density is measured at a reference temperature of 20 °C. The density of water at 20 °C is:
Water p20 = 0.998203 g/cm3.



What is specific gravity?

Density and specific gravity are not the same. Specific gravity, or relative density, is the density of a sample
divided by the density of a reference subsfance. The reference substance for liquids and solids is usually water
at its most dense (4 °C), and for gases, it is air at 25 °C.

The density of water at 4 °C is 1 g/cm3 so for example, if a liquid sample has a specific gravity less than 1,
which means that it is less dense than water and it will float. If the sample has a specific gravity greater than 1 it
is denser than water and it will sink in it.

Why is density used to identify a sample?
Density can easily be used to identify a pure sample because each element has a unique density. Affer a mea-
surement, the density of the sample in question can be looked up o see what it corresponds fo.

How is the density of solutions measured?

Let’s take a solution of ethanol in water as an example. At 20 °C, pure water has a density of p = 0.9982 g/cm3,
and pure ethanol has a density of p = 0.7893 g/cms3 at 20 °C. A solution of ethanol/water will have a density
value which depends on the concentration of the solution. Let’s see what is the density of an ethanol/water solu-
tion with 20% ethanol concentration:

Density at 20 °C (g/cm3) | % ethanol in water
0.9982 0.00
0.9963 1.00
0.9945 2.00
0.9927 3.00
0.9910 4.00
0.9893 5.00
0.9878 6.00
0.9862 7.00
0.9847 8.00
0.9833 9.00
0.9819 10.00
0.9687 20.00
0.9539 30.00
0.9352 40.00
0.9139 50.00
0.8911 60.00
0.8676 70.00
0.8436 80.00
0.8180 90.00
0.7893 100.00

The density of an ethanol/water solufion with 20% ethanol concentration is p20 = 0.9687 g/cm3,
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What is viscosity?
Density and viscosity are not related. Viscosity is simply a measure of a fluid’s resistance to flow. For example,
honey is more viscous than saline water, but it is less dense. The SI unit for viscosity is the pascal second (Pa-s).

Which instruments are used to measure density?

The density of a solution can be measured manually or digitally. For more detailed information on how fo
measure density with pycnometfers, hydrometers and digital density mefers please see our 3 Ways to Measure
Density guide.

) www.mt.com/ch/en/home/library/guides/lab-analytical-instruments/density-measurement-guide-3-ways.html

Manual methods like pycnometers and hydrometers are widely used for the determination of density and relafed
values, e.g. specific gravity, alcohol%, BRIX®, API degrees, Baumé, Plato, efc. Although these methods are easy
to use and quite inexpensive, they require expertise in every step of the manual operation protocols, which often
affects the accuracy and reliability of the results.

A pycnometer is a glass beaker of defined volume. It is weighed without the sample (MT1), then filled with the
sample and weighed again (M2). The difference between M1 and M2 divided by the volume of the beaker is
the density of a sample.

A hydrometer is a glass body which is dipped info the sample. Affer a short equilibration time it will float a
certain level. The higher the density of the sample, the more the hydrometer will float. The level of equilibration
reads the density.

A density Kit is used together with a balance. A glass body of defined volume is weighed in air (M1), dipped info
the sample and weighed again in the sample (M2). The difference between M1 and M2 (buoyancy) divided by
the volume of the glass body is the density of the sample. A special holder can also be used to measure density
of solids, using a reference liquid (water, ethanol or user defined).

Digital density meters are available as benchtop and handheld instruments. They use oscillation tube technol-
ogy fo very accurafely measure the density of a sample in a short time. A hollow glass tube vibrates af a certain
frequency. This frequency changes when the tube is filled with the sample: the higher the mass of the sample,
the lower the frequency. This frequency is measured and converted to density. In addition, benchtop digital den-
sity meters use a built-in Peltier thermostat to control the temperature of the sample.


https://www.mt.com/global/en/home/library/guides/lab-analytical-instruments/density-measurement-guide-3-ways.html
https://www.mt.com/global/en/home/library/guides/lab-analytical-instruments/density-measurement-guide-3-ways.html

Density Solutions Today
Performance Meets Simplicity

Excellence Density Meters and Refractometers

The intuitive Excellence Density Meters and Refractometers measure almost any
sample with a very high accuracy. The modular design of the instruments allows
your investment of today to be ready for the demands of tomorrow, adopting to
your expanding workflow.

¢ For a variety of applications
_:l e Accuracy: up fo 6 decimal places

é I - in density
& : .% e Peltier temperature control
E E e Automation solutions
J —_——.== - |‘l e * Multiparameter functionality
N ————— e Advanced PC software with

regulafory compliance

EasyPlus Density Meters and Refractometers

EasyPlus Density Meters and Refractometers offer all you need for your daily routine
applications: fast measurements with automatic temperature control, small sample
volumes and minimal operator dependency.

e For repetitive measurements of

e I = similar samples
e Accuracy: up to 4 decimal places

L - e Peltier temperature control

e — r
' T— . Simple data collection PC soffware

Interested in learning how to also improve your refractive index measurement? Check
out the refractometry guide: “How to Achieve the Best Results: Day-fo-Day Refractive
Index Measurement”.

) www.mt.com/GDRP
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