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High-Pressure Autoclave Cells – Hydrate Measurements
We have a total of 17 high-pressure autoclave
cells
dedicated
to
addressing
hydrate
management and other flow assurance issues.
We have recently expanded our capacity for
testing sour gas systems by extending our
purpose-built H2S laboratory. Our high-pressure
autoclaves can be used for the following
applications:
1. Measuring hydrate phase boundaries
2. Evaluating the effect of various hydrate
inhibitors (e.g. salts and/or organic inhibitors).

3. Evaluating the performance of Kinetic Hydrate
Inhibitors (KHIs)
4. Testing the performance of anti-agglomerate
hydrate inhibitors.
5. Visual observation of hydrate formation with
still image and video capture.
6. Variable volume cells for maintaining constant
pressure or constant mass.

(Blind Autoclave)
Type

(Rocking Autoclave)

No: Cells

Cell Material

(Visual Autoclave)
Max. Pressure / bar

Volume / cm3

Blind Autoclave

3

Hastelloy / Stainless Steel

400

300

Blind Autoclave

2

Hastelloy (C-276)

700

299

Blind Autoclave

1

Hastelloy (C-276)

1000

99

Blind Autoclave

1

Hastelloy (C-276)

2000

23

Blind Autoclave
(Sour Gas Cells)

5

Hastelloy (C-276)

275

290-300

Rocking Cell

3

Titanium

700

299

Visual Autoclave

2

Hastelloy

275

480
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Phase Equilibria Measurements – I
Quartz Crystal Microbalance (QCM)
We use QCM technology to measure wax appearance / disappearance temperatures and
also for asphaltene onset-points. The apparatus is sensitive to small changes in the resonant
frequency that is applied to the metal disc when particulate matter is deposited on its
surface. We have an atmospheric set-up to measure wax appearance / disappearance
temperature as a function of temperature, but also have a QCM integrated into a high
pressure cell for tests at elevated pressures.
Operating conditions:

Max Pressure = 3,000 bar; Max Temperature = 200 °C

Laser-Based Cloud Point Detection
We have developed in-house an automated set-up for measuring cloud points of solutions,
primarily KHI solutions where the cloud point is of particular interest to operators. The
sample is contained in a jacketed flask, which is temperature controlled by a circulator bath.
A laser diode producing of 630 nm light is directed through the sample to a photodiode
detector mounted on the opposite side. We measure the transmission as a function of
temperature. The transmission sharply reduces as the cloud point is reached.
Operating conditions:
Pressure = Ambient; Temperature = -80 to +90 oC
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Phase Equilibria Measurements – II
Bubble Point Measurements
A temperature-controlled, variable-volume autoclave (rocking cell) allows the measurement of the
bubble point of a composition. The system is loaded into the cell and the pressure raised by injecting
fluid into the non-process side of the cell to drive a floating piston. The pressure is originally raised
well above the expected bubble point. Pressure is recorded as the volume expands by incremental
draining of the piston-side fluid. The bubble point is measured by observation of a phase change in
the plot of pressure vs. volume.
Operating conditions: Pressure ≤ 10,000 psia (690 bar); Temperature = -30 to +100 oC.

Differential Temperature Analysis (DTA) setup
An array of 2 ml sealed, stainless steel sample tubes are immersed in a temperature-controlled bath.
Samples and references are then cooled and heated at a well controlled rate and comparison
between sample and reference yields endothermic/exothermic transition temperatures, e.g.
freezing/melting points temperatures.
Operating conditions: Pressure = Atmospheric; Temperature = -90 to +100 oC.

VLE Ebulliometer (up to 30 bar)
Stainless steel Rogalski-Malanowski type refluxing Ebulliometer. Liquid and vapour phases are
separated at equilibrium boiling temperature (isobaric conditions) for sampling and compositional
analysis (e.g. by GC, gravimetric, densitometry). A nitrogen pressure buffer vessel (50 L) provides
pressure stability during boiling/reflux. Measurement of VLE for single and multi-component
systems at sub-atmospheric to moderate pressures.
Operating conditions: Pressure ≤ 450 psia (30 bar); Max. Temperature = 350 oC.
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Rheology
The Physica MCR Rheometer (Anton Paar) is equipped with two sets of chambers:
1. The cone-plate and parallel plate system with Peltier temperature control allows rapid and
precise temperature control of a small volume sample (high heating and cooling rates, i.e., up
to 60 K/min). The configuration is suitable for fluids with a wide range of viscosities.
2. The second chamber consists of a 50 ml titanium pressure cell. The cell temperature is
controlled by circulating coolant through a cooling jacket. Temperature is measured by PRTs to
± 0.1 oC, whilst pressure is recorded by Quartzdyne pressure transducer to within  0.2 psi. The
main advantage of the pressure cell is its capability to run the tests not only at constant
temperature but with different cooling and heating rates. The configuration is suitable for fluids
with medium and high viscosities.

For both configurations the rotational and oscillatory mode tests are possible.

Operating conditions:
Pressure: Up to 6,000 psia (400 bars)
Temperature: -40 to +200 oC

Main application:
For measurement of rheological properties (e.g., viscosity, gel point G’ and G’’) of pure and
multicomponent fluid at atmospheric and high pressure.
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Water Content Measurement
Karl Fischer Titration
A coulometric titration is performed using our Karl Fischer instrument (Metrohm, 899 Coulometer).
This instrument allows the detection of 10 µL – 200 mg of absolute water content. This is used to
detect low levels of water in a range of samples, including crude oil, condensate, and diesel to
mention a few.
Operating conditions:
Pressure = Ambient; Temperature = Ambient

Hygrometer
An high-pressure 300 cm3 cell is combined with a hygrometer set-up for measuring water content.
Temperature and pressure are monitored and recorded by PRT and strain gauge pressure
transducer, respectively. The hygrometer is an EdgeTech DewMaster, pictured, and can measure
dew/frost point at temperatures from -75 to 100 °C, pressures up to 20 bar, with a resolution of 0.1
°C and stated accuracy of ± 0.2 °C.
Operating conditions:
Pressure: ≤ 15,000 psia (1,000 bar); Temperature: -80 to +90 oC
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Compositional / Structural Analysis
At Hydrafact we use a range of analytical techniques to support consultancy and internal
R&D projects. Provided below is a brief summary of each:
Gas Chromatography
We use GC to provide compositional analysis of various systems. This analytical service
provides the capacity to analyse the composition of gas mixtures prepared gravimetrically
in-house, composition of synthetic fluids and oil / condensate samples provided by
customers and trace species detection of components in a range of samples, e.g., ppmlevel detection of methanol in crude oil.
Fourier-transform infrared spectroscopy
FT-IR is used as an analytical tool for identification of functional groups and structural
features that are IR-active. This can be used to measure concentration of molecules in a
sample, when compared to a prepared calibration series, and also for compositional-change
analysis for developmental R&D work.
UV-Vis Spectroscopy
Similar to FT-IR, the UV-Vis spectrometer is used for concentration analysis and evidence for
structural change when the target species has transitions in the UV or visible section of the
electromagnetic spectrum.
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The above list is intended to provide an indication of the capabilities of
the experimental capacities available at Hydrafact. However, these
capabilities could be used for other applications where required. In
most cases the temperature limitations mentioned for each rig can be
extended by minor modifications to the setup and/or cooling/heating
systems. Likewise, the technology listed in this brochure may not be
limited to the specific uses identified here and we strive to address
customer specific queries/challenges.
Furthermore, Hydrafact has access to extensive laboratory
/experimental facilities available at Institute of Petroleum Engineering,
Heriot-Watt University.
For further information please contact us:
Hydrafact Limited
Quantum Court
Research Avenue South
Heriot-Watt University Research Park
Edinburgh EH14 4AP, UK.
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