DAC See DIGITAL-TO-ANALOGUE CONVERTER.

Dalton, John (1766-1844) A British chemist and physicist noted for his pioneering work
on chemistry. From a poor Quaker family, he left his village school at the age 0of 11 and then
taught at there from 12 to 14; from 15 he was a farm labourer. However, he began making
scientific studies and even wrote a paper on his own colour-blindness. For 57 years Dalton
kept a meteorological diary with over 200,000 observations. He began lecturing in Man-
chester and by 1800 was secretary of the Manchester Philosophical Society. He measured
the rise in temperature of air when compressed and suggested in 1801 that all gases might
be liquified by compressing and cooling them. After much work on vapour and gas pres-
sures, he stated his law on partial pressures (see DALTON’s LAW) and applying Newton's idea
of atoms in gases to his own work, formulated the law of Multiple Proportions in 1804. By
1808 he had a clear theory and published his famous Atomic Theory, which forms the basis
of modern chemistry today.

Dalton’s atomic theory A theory of chemical combination first postulated in 1803
by British chemist and physicist John Dalton (1766-1844). It includes the postulates that
elements are made of individual particles (atoms); that atoms of the same element are
identical and that different elements have different types of atoms; that atoms can be nei-
ther created nor destroyed; and that so-called ‘compound elements’ are formed when dif-
ferent elements join together to form molecules. He proposed symbols for the different
elements that were later replaced by the present notation for chemical elements.

Dalton’s law A law that states that the total pressure of an ideal mixture of gases or va-
pours is equal to the sum of the partial pressures of its components. The partial pressure is
the pressure that each component would exert if it was present alone. The law was formu-
lated by John *Dalton (1766-1844).

Damkohler number A dimensionless number, Da, used to relate the rate of a chemical
reaction to certain phenomena that occur in the reaction. There are several types of num-
bers that are used whose definition depends on whether the chemical reaction is related
to momentum transfer or to heat transfer. For example, for an nth *order of reaction, the
Damkdohler number is:

Da=kC!™'t

where k is the rate constant, C_ is the initial concentration of reactant, and t is the reac-
tion time. Itis used to indicate the extent of conversion within continuous flow reactors.
In continuous chemical processes, the Damkohler number is defined as the ratio of the
chemicalrate of reaction to the convective chemical reaction time. A second Damkd&hler
number is defined as the ratio of the chemical reaction rate to the rate of mass transfer:

kC't
k,a
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where k_is the mass transfer coefficient and a is the interfacial area. There are two fur-
ther Damkdohler numbers related to heat transfer. They are all named after the German
chemist Gerhard Damkéhler (1908-44).

damping The gradual reduction or suppression of the oscillatory behaviour of a *pro-
cess variable such as temperature, pressure, and liquid level in a controlled system or
process. Damped harmonic oscillators satisfy the second-order differential equation of
the form:

d’x

dx
e +260,—+@: =0

dt

where @, is the undamped angular frequency and ¢ is the damping ratio. Critical damp-
ing (g =1) is where response to a change is abrupt, in which there is no overshoot of the
setpoint. Under-damping (0 < g <1) occurs when there is overshoot, while over-damping
(g>1) occurs when the response is slower than critical damping. An undamped system
(¢=0) corresponds to its natural resonant frequency ().

Danckwerts, Peter Victor (1916-84) A British chemist awarded the George Cross
forbomb disposal work in the Second World War. Noted for his application of simple sci-
ence to complex industrial applications, he was Shell professor in chemical engineering
at Cambridge University and executive editor of Chemical Engineering Science.

Danckwerts’ surface renewal theory A conceptual mass transfer model used to
describe the transfer of a substance from a liquid to a gas. It assumes that an element of
the surface interface comprises a mosaic of elements of various ages. Each element has a
random chance of being replaced by another element from the bulk of the liquid. A feature
of the model is that a simple mathematical solution is used for complex cases involving
chemical reactions. It was formulated by Peter V. Danckwerts (1916-84).

dangerous substance A chemical substance used or present in the workplace that can
cause harm to people due to its physical or chemical properties if not correctly controlled.
Such substances include liquids, vapours, gases, and dust in the form of solid particles or
fibrous materials that can form an explosive mixture with air. Examples include paints,
solvents, reagents, varnishes, flammable gases, such as LPG, dusts and particulates from
foodstuffs, machining and sanding operations that can cause harm through fire or explo-
sion. In the UK, the *DSEAR Regulations 2002 of the *HSE (Health and Safety Executive)
are intended to protect workers and members of the public from dangerous substances.

Darcy, Henry Philibert Gaspard (1803-58) A French engineer who specialized in
fluid hydraulics. In France, he was responsible for many significant hydraulic projects in-
cluding the construction of a remarkable pressurized water network system in his birth
town of Dijon. He developed a way of calculating head loss due to friction, which with fur-
ther modification by the German mathematician and engineer Julius Weisbach (1806-71)
became known as the Darcy-Weisbach equation. The unit of permeability, the darcy, is
named after him.

Darcy-Weisbach equation An equation used in fluid mechanics to determine the
pressure or head loss due to friction within a straight length of pipe for a flowing fluid:
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orinhead form:
L 2
h=f=2
d2g
where fis the Darcy friction factor, L and d are the pipe length and inside diameter, and
v is the average velocity of the fluid. It is also known as the Darcy-Weisbach or Moody
friction factor whose value depends on the nature of the flow and surface roughness
of the pipe. Note that this friction factor is four times greater than the *Fanning friction
factor. The value of the friction factor can be obtained from various empirical equations
and published charts such as the *Moody diagram.

data Information that is obtained and accumulated from a process or system. It can be in
the form of chemical information, measurements, observations, and numerical informa-
tion used by computers, etc. A database is a collection of organized data stored in a com-
puter. The data is available to users and used for various purposes, added to, deleted, or
updated as required. The data can include chemical analyses, financial data, process flow
information, accumulated history of process information, personnel records, etc. Data
processing is the sequence of operations that is performed on data to extract information
or to achieve some form of order. It usually refers to the use of computers to handle large
amounts of data rapidly. Data mining is the structured organization of data used to iden-
tify relationships within large amounts of computerized data. It is used in various fields
of science and engineering, and involves looking for existing or new patterns in data or
sequences, as well as forecasting data from patterns within data.

datum A reference or benchmark point from which other measurements are taken. For
example, it may be an arbitrary elevation from which other elevations are measured. For
fixed offshore installations, the datum is taken as the seabed and not the sea level, which,
due to the tide, is variable.

Davis, George Edward (1850-1906) Regarded as the founding father of chemical en-
gineering, he began his career as an apprentice bookbinder. He decided to study chemis-
try at the Slough Mechanics Institute while working at a local gas works. He spent a year
at the Royal School of Mines in London (later Imperial College) before moving to work
in the chemical industry around Manchester. Identifying the main features in common
to all chemical factories, his A Handbook of Chemical Engineering was published in 1901.
Working as an alkali inspector, he was responsible for implementing the Alkali Act of 1863
recognizing the importance of air pollution and the need for environmental protection. He
also published a series of twelve lectures given in 1888 at Manchester Technical School and
helped to define chemical engineering as a distinct discipline.

Deacon, Henry (1822-76) A British chemistand industrialistwho founded amajor chemical
factory in Widnes, Lancashire. He filed a patent for an improved process for the manufacture
of sulphuricacid in 1853. Helater filed many more patents which included alkali manufacture.
In 1870, he invented an improved method for the manufacture of chlorine and hydrochloric
acid that used copper chloride as a catalyst. The *Deacon process is named after him.

Deacon process A catalytic process that was once used to convert hydrochloride gas to
chlorine gas used in the manufacture of bleaching powder. The bleach was used in the tex-
tile and paperindustries, and the process was able to reduce the production of hydrochloric
acid as a waste product. It involved reacting hydrochloric acid and oxygen in the form of air
ata temperature of between 400°C and 450°C in the presence of a copper chloride catalyst:

4HCI+0, —2Cl, +2H,0
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The process was invented by British chemist Henry *Deacon (1822-76) as a way of using
the hydrochloric acid from the *Leblanc process. The process was later replaced by an
electrolysis process for making chlorine from brine.

deactivation A complete or partial reduction in the reactivity of a substance such as an
enzyme or poisoning of a catalyst.

dead band A term used to control a process representing the range through which an
input signal can be varied without initiating a response. The dead band is often described
as a percentage of the *span.

dead-leg A vertical section of pipe filled with stagnant process liquid that normally has
no flow.

dead time The interval of time in a controlled process in which a *process variable begins
to change after an input change or stimulus. It is also called a *delay.

de-aeration The removal of air, oxygen, or gas from a substance. This can be achieved by
disengagement, by using agents to strip out the gas, by raising the temperature to achieve
evaporation or boiling, or by using a reduced pressure.

dealkylation process A catalytic process used for the removal of alkyl groups from mol-
ecules. The process is carried out in an atmosphere of hydrogen and is therefore also called
hydrodealkylation. An example is the formation of benzene from toluene:

C,H.CH,+H,—C,H,+CH,

Dean number A dimensionless number, Dn, used for flow in curved channels. It is a
modified form of the *Reynolds number used to characterize the flow and heat transfer of
fluids particularly through helical coils as:

0.5
Dn=Re i
dC

where d is the tube’s inside diameter and dC is the diameter of the coil. It is, in effect, the
ratio of the centrifugal force to the inertial force of the fluid.

death phase The interval of time that follows the stationary phase in the batch cultur-
ing of microorganisms in a bioreactor and where the number of viable cells begins to fall.
This is due to complete consumption of available substrate such that the microorganisms
then die.

Deborah number A dimensionless number, De, used to classify the rheological behav-
iour of a fluid, which is able to elastically store energy. It is defined as the ratio of the fluid
characteristic time to the process or observed time, where the characteristic time is the
stress relaxation time, T:

De=L
t
Values of De that approach zero indicate liquid behaviour, while values that approach
infinity have solid-like behaviour. It was coined by Israeli scientist Markus Reiner
(1886-1976) from the Bible (Judges 5:5) as ‘The mountains melted from before the
Lord... .
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debottlenecking An analysis used to identify and find engineering solutions to the lim-
iting part or parts of a process that restrict the way it operates. See BOTTLENECK.

de-butanizer A continuously operated distillation column used to remove butane as dis-
tillate from a mixed feed of hydrocarbons with the heavier components leaving the bottom
of the column. Lighter hydrocarbons may also leave the top of the column with the butane.
To ensure that the light hydrocarbons can be boiled and condensed in the liquid phase, the
distillation is operated at a gauge pressure of around 10 bar.

decanting The process of separating a liquid from a settled solid suspension or from a
heavier immiscible liquid in a vessel known as a decanter. This uses either gravity to bring
about the separation or centrifugal force such as in a centrifugal decanter. The separation
of the upper liquid layer can be achieved by careful pouring into a separate vessel or by
siphoning of the upper layer. It is also known as decantation.

decay The spontaneous transformation of one radioactive nuclide into another radio-
nuclide, or into another energy state of the same nuclide with the emission of one or
more particles or protons. The decay of N, number of nuclides to give N number of nu-
clides after a period of time t is given by N = N, exp(—y¢) where yis known as the decay
constant.

decay ratio An oscillatory response to a controlled system defined as the ratio of succes-
sive peaks and troughs above and below the final steady-state value. *Quarter damping is
regarded as the optimal decay ratio in which the magnitude of successive peaks or troughs
is one-quarter of those of the preceding peaks or troughs.

DECHEMA An abbreviation for Gesellschaft fiir Chemische Technik und Biotechnolo-
gie, which is the German Society for Chemical Engineering and Biotechnology. Founded
in 1926, it is based in Frankfurt and is a non-profit-making organization with over 5,000
members. It aims to support developments in chemical technology, biotechnology, and
environmental protection.

[ @) see wes Links J

o Official website of DECHEMA.

deci- (Symbol d) A prefix used in the metric system to denote one-tenth. For example, 0.1
metre is the same as 1.0 decimetre (dm).

decimal reduction time (Symbol D) The time required to reduce the population of
viable microbial spores ten-fold in the thermal sterilization process of foods that may be
contaminated with harmful spores. Twelve successive reductions is known as a *botuli-
num cook or a 12-D process. This is deemed to be sufficient to reduce statistically any
potential spores of the highly pathogenic microorganism Clostridium botulinum to in-
significant levels. This bacterium produces a highly toxic toxin which is destroyed in the
cooking process.

decision tree analysis An engineering procedure used in complex multistage
decision-making problems that involves planning and organizing decisions. It takes into
account how choices are made at earlier stages, the outcomes of possible external events
that determine the types of decisions, and events at later stages of that sequence. The
decision-making tree represents, in an organized way, the decisions and events that in-
troduce uncertainty, as well as possible outcomes of all those decisions and events. The
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nomenclature involves squares that represent decisions. Lines from squares represent
options that can be selected. Circles show various circumstances that have uncertain out-
comes. Lines from circles denote possible outcomes of that uncontrollable circumstance.

decommissioning The procedure of closing down a chemical process or nuclear facil-
ity to a point that permits the release of the property for demolition and site clearance. In
nuclear power and reprocessing plants, decommissioning begins by closing down the fa-
cility, followed by reducing residual radioactivity to alowlevel. In nuclear power plants, the
process begins with the removal of the nuclear fuel, coolant, and radioactive process waste.
The three recognized stages of decommissioning involve safe enclosure, partial removal
with safe enclosure, and the complete removal of materials.

decomposition 1. A chemical reaction in which a compound breaks down into more
simple compounds or into elements. 2. The chemical breakdown of organic matter into
its constituents by the action of bacteria and other organisms. 3. The factorization of an
integer into other integers that are second- or third-degree (squares or cubes).

decontamination A process that involves the complete removal of hazardous or harm-
ful substances from the surfaces of process pipes, vessels, and equipment. Various cleaning
methods are used including acids, rinsing, and the use of steam.

decrepitation A cracking sound produced when certain crystals are heated. This is
caused by the loss of water of crystallization during changes in the structure of the crystals.

deep shaft process A biotechnological process used to treat and purify domestic sewage
and industrial biodegradable effluents. It consists of a tall vertical loop-type bioreactor with
aheightof between 30 m and 150 m thatis usually installed below ground level. Compressed
air is introduced into the downflow leg to drive the circulation of the liquid medium con-
taining microorganisms. As the liquid rises up the upflow section, the hydrostatic pressure
decreases, and the bubbles add to the mixing and aeration. This type of bioreactor is used
where there is a high oxygen demand such as in the processing of activated sludge. The
sludge can therefore have a higher density than conventional *activated sludge systems. Itis
also known as a deep shaft airlift fermenter.

de-ethanizer A continuously operated distillation column used for the removal of
ethane as distillate from a mixed feed of light hydrocarbons. Any methane also leaves the
top of the column along with the ethane while heavier components leave the bottom. To
ensure that the light hydrocarbons can be boiled and condensed in the liquid phase, the
distillation is operated at a gauge pressure of around 14 bar.

defined medium A growth medium used for the culture of microorganisms in which the
composition and concentration of all the chemicals is known. It is also known as synthetic
medium.

deflagration A type of subsonic explosion as a result of a combustion-type chemical
reaction in which the *shock wave arrives before the combustion reaction is complete. The
flame front advances outwards, whereas the reaction front advances into the unreacted
substance. Compare DETONATION.

deformation The change in shape of a body due to shrinkage, stretching, or torsion but
does not involve breaking up or destruction of the body.
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degassing The release of dissolved, absorbed, or adsorbed gases from a liquid or solid.
Degassing is often achieved in reduced pressure or vacuum systems.

degradation 1. The reduction of complex molecules into smaller, simpler molecules
through natural processes (biogradation) or synthetic processes. 2. An organic chemical
reaction in which a compound is converted into a simpler compound. For example, the ac-
tion of certain enzymes can bring about the degradation of proteins to amino acids.

degree 1. A division on a *temperature scale. 2. An angle equal to 1/360th of a circle.
3. The highest power of a polynomial. For example, the quadratic equation ax* +bx+c=0
has a degree of 2. 4. The highest power to which a derivative of a differential equation is
raised. For example:

2 \4 3
(@)-(2)-
isasecond order differential equation of the fourth degree.

degrees absolute See ABSOLUTE.

degrees of freedom The number of independent variables that are needed to describe
fully the equilibrium state of a system or process. In defining the thermodynamic equilib-
rium for a system involving components and phases, the thermodynamic degrees of free-
dom are the minimum number of variables (temperature, pressure, and composition) that
must be stated to define the system completely. In the use of statistics, the degrees of free-
dom refers to the number of values that can be varied in a calculation determined from the
difference between the number of independent values (sample size) and the steps (which
is usually one). It is used frequently in linear regression and *analysis of variance calcula-
tions, and in some other calculations involving the sum of squares.

dehumidification The process of decreasing the water vapour or humidity of air or a gas
through the processes of condensation at a cold surface, diffusion of an absorbing agent,
chemical reaction, or heating.

dehydration The process of removing water from a substance. See DRYING.

dehydrogenation A chemical reaction involving the removal of hydrogen from a
compound. In organic molecules such as straight-chain hydrocarbons or fatty acids, sin-
gle carbon-carbon bonds are converted into double bonds by the removal of hydrogen
atoms.

deionization A process used to purify water by the removal of mineral ions such as
the cations calcium, copper, iron, and sodium, and chloride and sulphate anions. The
process uses ion exchange resins that exchange the hydrogen and hydroxide ion for
dissolved minerals and then form water. Deionized water is used for many purposes
such as the cooling water in nuclear reactors. It is also used as an alternative to distilled
water in the laboratory. With the absence of ions, deionized water does not conduct
electricity.

De Laval, Carl Gustaf Patrik (1845-1913) A Swedish mechanical engineer who
worked on the design of steam turbines and machinery used in the dairy industry.
After gaining his doctorate in 1867, he invented a number of machines used in the dairy
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industry, including a cream separator that involved a spinning container powered by
a steam engine. The centrifugal action permitted the lighter cream to separate to the
inside with the heavier milk moving to the outside. His most notable achievement was
the development of the impulse steam turbine in 1882 that could operate at 42,000 rpm.
It was used in many industries through special reduction gearing mechanisms allowing
high-speed turbines to drive slow-speed shafts such as propellers for ship propulsion. He
was amember of the Royal Swedish Academy of Sciences and was elected to the Swedish
parliament. Together with Oscar Lamm (1848-1930), he founded the Alfa Laval company
in 1883.

delay A commonly used term instead of *dead time in process control.

del factor The ratio of the number of viable contaminating microorganisms to the initial
number in a sterilization process. It is used as a measure of the effectiveness of a steriliza-
tion process in which the population of viable microorganisms is reduced due to a combi-
nation of both temperature and time.

deliquescence The absorption of moisture from the atmosphere by hygroscopic solids.
The extent of the effect produces a concentrated liquid solution of that solid. Examples
include sodium chlorate, sodium hydroxide, and calcium chloride.

delivery pressure The pressure of a fluid at the outlet of a pump.

delta (Symbols A and 8) As a capital, it represents the difference between two values such
as the difference in pressure between two points, Ap. As a lower case, § commonly repre-
sents a partial derivative used in partial differential calculus.

de-methanizer A continuously operated distillation column used in petrochemical
refineries to remove methane as distillate from a mixed feed of light hydrocarbons. Any
hydrogen will also leave from the top of the column while ethane and other heavier com-
ponents leave from the bottom. To ensure that the hydrocarbons can be separated in the
liquid phase, the distillation process is typically operated at a gauge pressure of around 24
to 28 bar and temperature of —-60°C.

demister A device used to remove a fine dispersion of liquid droplets from a gas or va-
pour. In the processing of natural gas, demisters are often called *scrubbers.

denature 1. To produce an irreversible structural change in a protein or nucleic acid that
results in the total or partial biological inactivation. Denaturation can be caused by cer-
tain chemicals, high temperature, very low and high pH, ionizing radiation, and UV light.
2. To add a poisonous or unpleasant smelling substance to ethanol to make it unsuitable
for human consumption.

dendrite A crystal that has grown into a tree-like structure.

denitrification A natural process involving a chemical reaction in which nitrates in soil
arereduced to molecular nitrogen.

denominator The bottom part of a mathematical fraction. Used in ordinary division
operations, itis the number or expression by which the numerator is divided. For example,
in the fraction Y%, 2 is the denominator and 1 is the numerator. The denominator is the
divisor.
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dense gas A gas that has a density greater than that of air at the same temperature. A
dense gas cloud is a release of a gas-and-air mixture that is heavier than the surround-
ing air. The density of the cloud may be heavier due to its temperature being below
ambient.

densitometer An instrument used to measure the density of a substance by measuring
the volume for a given mass.

density The mass of a substance per unit volume. The SI units are kg m-.
dependent variable See VARIABLE.

dephlegmator A condenser used in a distillation process in which only part of the
vapour is condensed and used as reflux. The rest of the vapour is used as the top product.
A dephlegmator is also known as a *partial condenser.

depleted uranium Uranium mostly consisting of the non-fissionable isotope ura-
nium-238, obtained as a *by-product of enriching natural uranium in a nuclear reactor,
or obtained from nuclear reprocessing plants. Being radioactive with a *half-life of many
thousands of years, it therefore needs to be stored for indefinite periods of time. It has a
very high density of 19,000 kg m~ and has found use in various military applications such
as coatings for armour-piercing missiles.

deposition See CONDENSATION.

depression of freezing point The reduction of the point of freezing of a pure liquid
when another substance has been dissolved in it.

DePriester charts *Nomographs that present the complex relationships between pres-
sure, temperature, and *K-factor for various light and heavy hydrocarbons. They are used
to determine the *bubble point and *dew points of hydrocarbon mixtures and were first
published in 1953 as an improvement on earlier charts known as Kellogg charts.

de-propanizer A continuously operated distillation column used to remove propane
as distillate from a mixed feed of hydrocarbons with the heavier components leaving the
bottom. Lighter hydrocarbons may also leave the top of the column with the propane. To
ensure that the light hydrocarbons can be separated by distillation, the distillation column
is typically operated at a gauge pressure of around 10 bar.

depth The distance downwards from a reference location or plane. For example, the
depth within a liquid is the distance below the surface, while the depth of a mineral ore
mine can refer to the horizontal distance to the back of the mine.

derivative 1. A compound that is derived from another compound and retains its gen-
eral structure. 2. A function derived from another by the application of differentiation and
partial differentiation. A second-order derivative is a derivative of a derivative.

derivative action control A mode of control used to control a process in which the
controller output is proportional to the rate of change of the process variable or process
error. See PID.
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derived units An acceptable unit that is defined from base *SI units. In the SI system,
there are seven base units: kilogram (kg) for mass, metre (m) for length, second (s) for time,
kelvin (K) for temperature, mole (mol) for the amount of substance, ampere (A) for electri-
cal current, and candela (cd) for luminous intensity. The newton (N) is a derived unit of
force where 1 N is equal to 1 kg m s The pascal (Pa) is the derived unit for pressure where
1Paisequal to 1 kgm™ s See BASE UNIT.

derrick The tall metal tower on an oil or gas drilling platform above a well. It is used for
lifting and lowering tubes and tools down into the well.

desalination The removal of salt from seawater used to provide potable water for drink-
ingorirrigation purposes. Desalination is only used where there is a cheap source of energy
and where there is a distinct shortage of fresh water. Desalination methods used include re-
duced pressure evaporation, freezing, reverse osmosis, electrodialysis, and ion exchange.

desalting The process of removing mineral salts from water-containing oil.

desiccation The process of drying and removing the moisture within a material. It in-
volves the use of a drying agent known as a desiccant. Desiccants that function by adsorp-
tion of moisture include silica gel and activated alumina, while chemical desiccants that
function by the reaction with water to form hydrates include calcium chloride and solid
sodium hydroxide. A desiccator is a container used for drying substances or for keeping
them dry and free of moisture. Laboratory desiccators are made of glass and contain a dry-
ing agent such as silica gel.

design codes (design standards) Published standards required for equipment and
working practices within the chemical and process industries that represent good practice
and define the level or standard of design. Developed and evolved over many years and
based on tried and tested practices, there are anumber of national standards organizations
and institutions that provide published standards for design, materials, fabrication, and
testing of processes and equipment. These include the British Standards Institute (BSI), the
Institute of Petroleum (IP), the American Petroleum Institute (API), the American National
Standards Institute (ANSI), the American Society of Mechanical Engineers (ASME), the
American Society for Testing and Materials (ASTM), and the American Iron and Steel In-
stitute (AISI). In Europe, there has been a steady move towards harmonization of national
standards with the formation of the Euronorm (EN) engineering standards.

design project A distinguishing feature of degree programmes in chemical engineering
that are accredited by the *Institution of Chemical Engineers. The design project features
near the end of the degree programme and involves the complete design of a chemical
process from raw materials through to the production of a product that is defined in terms
of an output flow rate and quality. Typically working in teams, students are required to
pool their accumulated knowledge in chemical engineering to meet the specifications,
which involves the production of a *flowsheet, material balances, and energy balances,
with unit operations that typically include mixing, chemical reaction, and separation. It
also includes process economics, safety, environmental issues, start-up, *HAZOP, and the
preparation of a *P&ID.

desorption The removal of absorbed atoms, molecules, orions from the surface of a solid
material. It is the reverse of absorption and can be achieved by the use of heat.

desublimation See SUBLIMATION.
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desulphurization A process used to remove sulphur from crude oil and refined pe-
troleum products, and also the removal of hydrogen sulphide from natural gas. It in-
volves a catalytic reaction in the presence of hydrogen. The use of bacteria to remove
sulphur from crude oil has also been developed. It is important to remove sulphur as
it poisons catalysts and results in harmful sulphur dioxide in the combustion of fuels.
Also known as hydrodesulphurization, the process involves a high temperature and
pressure reaction in the presence of a nickel or alumina catalyst impregnated with
molybdenum.

detection limit The ability of an instrument or an analytical technique to detect and
measure the lowest quantity of a substance, or some other variable such as temperature or
pressure. In analytical work, confidence limits are usually stated for the level of detection.

detonation A supersonic combustion process in which the reaction front advances into
unreacted material with a flame front or shock front and reaction products travelling in the
same direction. The resulting *blast wave is initially characterized by a very high peak pres-
sure acting over a very short period of time. As the wave travels outwards from the source,
the pressure decays. Compare DEFLAGRATION.

deuterium (Symbol D) Heavy isotope of hydrogen with a mass about double that of
ordinary hydrogen and is sometimes known as heavy hydrogen. A deuterated com-
pound is a compound in which some or all of the hydrogen-1 atoms have been replaced
by deuterium atoms. Heavy water is water in which the hydrogen atoms are replaced by
deuterium oxide (D,0). It is found naturally in water in very small amounts, and can be
separated and concentrated by *fractional distillation or by *electrolytic separation; it is
used as a moderator in the nuclear industry due to its ability to reduce the energy of fast-
moving neutrons.

deviation The departure from a desired or expected process value. Monitoring depar-
tures from expected operating conditions forms the basis of *process control.

devitrification The loss of amphorous structure of glass as a result of crystallization. It is
the opposite of *vitrification. It occurs very slowly in nature, which is why glassy rocks are
rarely found, having turned to crystalline structures over time.

Dewar, Sir James (1842-1923) A Scottish chemist who was the first to liquify hydrogen
in 1898 and later succeeded in solidifying it. He studied the magnetic properties of liquid
oxygen and ozone, and the phosphorescence of substances at low temperatures. He in-
vented the *Dewar flask for keeping liquids at very low temperatures.

Dewar flask A container used for storing hot or cold liquids that are able to main-
tain their temperature independently from their surroundings. The heat loss is kept to a
minimum by using a container held within a container separated by a vacuum. The thin
walls of the inner container are made of glass (or steel in the case of bigger containers).
The inner surface of the glass vessel is silvered to reduce loss through radiation. It was
devised around 1872 by Sir James *Dewar, and is also known by its trade name Thermos
flask.

dewaxing A process used to remove *wax from processed lube oil to allow it to flow atam-
bient temperature. Either refrigeration is used to crystallize the wax with the use of solvents
to dilute the oil to allow filtration of the wax from the oil; or selective *hydrocracking is used
to crack the wax to form light hydrocarbons.
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dew point The temperature at which drops of condensate first appear on cooling a con-
densing vapour. When the *relative humidity of the vapour is 100 per cent, the wet and dry
bulb temperatures are the same. When the relative humidity is less than 100 per cent, the
wet bulb is less than the dry bulb temperature.

diafiltration A type of *ultrafiltration membrane separation process involving a *semi-
permeable membrane to remove salts and microsolutes from a solution. These are small
molecules that are separated from larger molecules, which are retained as the *retentate.
Unlike *dialysis, which uses osmotic pressure to drive the solutes across the membrane,
diafiltration uses an external force such as pressure. The process is typically used to reduce
the level of salts in solutions containing proteins, peptides, nucleic acids, and other bio-
molecules from biochemical processes.

dialysis The separation of molecules in a liquid by differences in their ability to pass
through a *semi-permeable membrane using osmotic pressure. Large molecules such as
glucose or amino acids in an aqueous solution can be separated by diffusion across the
membrane in which they move from an area of high concentration to one oflow concentra-
tion. Smaller solutes and water are able to pass through the pores of the membrane and
retain the larger molecules. The cells of living organisms are semi-permeable. The kidneys
in the body are used for the excretion of nitrogenous waste. An artificial kidney also uses
dialysis for the same purpose. Compare DIAFILTRATION.

diameter (Symbol d) The distance across a circular plane figure at its widest point. The
internal diameter of a pipe of uniform cross-sectional area is twice the internal radius of
the pipe.

diamond-anvil cell A device used for producing extremely high pressures. Using a
screw arrangement, high pressures of up to amegabar (1 Mbar or 10" Pa) can be generated
within a small chamber or cell that contains two high-quality diamonds through which
samples of materials under investigation can be observed optically. It is used to study the
effects of materials under very high isostatic pressures.

diaphragm pump A type of reciprocating pump used to transfer liquids in which a
flexible diaphragm is flexed to and fro. The liquid is drawn into a chamber and expelled
as the diaphragm flexes. Non-return or *check valves ensure that the liquid flows in the
desired direction. The diaphragm provides a barrier between the liquid and the mov-
ing mechanical parts of the pump. It is a comparatively low-maintenance sealed pump
and useful for transporting liquids where leakage may be a concern. They also have
the ability to stall if run against too high a pressure. A double diaphragm pump is a
variation that has two diaphragms that are flexed to and fro separating a wetted cham-
ber and used where it is essential to fully safeguard against leakage. They are there-
fore used in the nuclear reprocessing industry, such as in the transfer of radioactive
solutions.

diaphragm valve A type of valve in which a flexible membrane is used to restrict the
rate of flow. The membrane is usually made from a flexible natural or synthetic rubber.
Diaphragm valves are typically used for fluids that contain suspended solids.

diauxic growth The growth of a microorganism that first assimilates a limiting sub-
strate and, on eventual depletion, it metabolically adjusts itself to assimilate another limit-
ing substrate. For example, in the batch culture of yeast, sugar is first assimilated with the
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production of carbon dioxide and ethanol. Once the sugar has been depleted, the yeast
then has a further period of growth in which the ethanol is used as the limiting substrate.
See GROWTH CURVE.

Diesel, Rudolph (1858-1913) A German inventor who invented the diesel engine that
was first publicly exhibited in 1898. He built a factory and spent the rest of his life perfect-
ing and constructing his engine. While on a night steamer crossing the English Channel to
England, he fell overboard and was drowned.

Diesel index An empirical measure of the ignition quality of a diesel fuel defined in terms
of the *API gravity and aniline point of the fuel. The higher the number, the better the igni-
tion quality.

differential calculus A branch of mathematics that is concerned with the behaviour
of functions at a point and involves the evaluation of the derivative at that point, written as
dy/dx or f(x). The derivative gives the slope or gradient of the tangent to the function atx.
The overall process of obtaining the derivative is called differentiation, and the reverse is
called integration.

differential distillation A batch distillation process used to separate components in
a liquid mixture that does not involve reflux. As the charge is boiled, the first distillate is
richest in the more volatile component. As the distillation proceeds, the vaporized product
becomes leaner. The distillate can therefore be collected into fractions or cuts of differing
purities. See WHISKY.

differential equation A mathematical equation expressed as a *derivative of one vari-
able with respect to another. The order of the differential equation is the order of its highest
derivative. There are many types of differential equation and each has its own method of
solution. The simplest form of differential equation has separable variables enabling each
side of the equation to be integrated separately. For example, the rate of change in level,
dH/dt, in a vessel of uniform cross-sectional area, A, containing a liquid allowed to drain
freely through an orifice of cross-sectional area a_located at the bottom of the tank can be
given by the first order differential equation with separable variables:

aH
A—+C,a,\2gH =0
T dt d %o gI_I

The *degree of a differential equation is the highest power to which a derivative of a
differential equation is raised.

differential pressure The difference in pressure between two points. The difference
may be due to frictional pressure resistance of a flowing fluid, blockage, and obstacles, and
for some types of flow meters, it can be used to determine flow rate. The differential pres-
sure can be measured using devices such as *manometers. A differential pressure cell is
widely used to measure the flow rate in pipes in which the differential pressure measured
across an orifice is converted to a pneumatic, electrical, or mechanical signal for transmis-
sion to alocal controller. See DP CELL.

differential scanning calorimetry (DSC) A thermal technique used for the analy-
sis of substances in which heat is electrically added or removed to change the tempera-
ture, thereby allowing enthalpy changes due to thermal decomposition to be accurately
studied.
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differentiation A mathematical process used to find the rate at which one variable
changes with respect to another. The result of differentiation of a function of y = f(x)
is dy/dx or f’(x) and called the *derivative. On a graph of f(x), dy/dx is the slope of the
tangent to the curve y = f(x) at that point. In general, the rule for differentiation is that
where y = ax" than

Tables of standard differentials are used for other forms of equation.

diffuser A widening section of a duct or channel used to carry air or a gas, which is shaped
in such a way that its kinetic energy is converted to pressure energy.

diffusion The process of movement in which molecules of one substance move and pen-
etrate other substances. In a mixture of gases, the rate of diffusion of one gas into another
is inversely proportional to the square root of its densities (see GRAHAM's LAW). In liquids,
the diffusion of a solute through a solvent to produce a solution of uniform concentration is
slower. Diffusion in solids occurs much more slowly.

diffusion coefficient, diffusion constant (Symbol D) A proportionality constant
between the molar flux as the result of the molecular *diffusion of one substance in a
mixture and the driving force. The driving force is a concentration gradient across the
mixture. The greater the value, the greater the diffusion of the substance into the other.
The use of subscripts such as D, , represents the diffusivity of substance A in substance
B. The diffusivity of gases is dependent on temperature, pressure, and the nature of the
gas components. The diffusivity of liquids, however, varies appreciably with concen-
tration. For gases, the coefficients are either obtained experimentally or are based on
formulae that are based on *kinetic theory. For liquids, empirical correlations are gener-
ally used. The SI units are m?s™'. Typical values for the diffusivity of gases is in the order
of 10°° m? s~ and for liquids in the order of 10 m?s™'. See FICK’S FIRST LAW OF DIFFUSION;
FICK'S SECOND LAW.

diffusion flame The combustion of an unmixed fuel in oxygen that results in a laminar
flame in which the propagation of the flame is governed by the diffusion of the fuel and
oxygen (air). A candle flame is an example of a diffusion flame.

diffusivity Another name for *diffusion coefficient.

digester A vessel used to produce cellulose pulp from wood chips. The wood chips are
reacted with chemicals and heated under pressure to remove lignin. The digester is the first
step in the process of making paper.

digital signal Used in the computer control of processes, it is a discrete value at which
an action is carried out. As a binary signal using the notation of 0 or 1, it is often used to
represent on or off.

digital-to-analogue converter (DAC) The electronic hardware used in the control
of processes that converts a *digital signal to an analogue signal such as electrical voltage
or current.
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dilatant A non-Newtonian fluid in which the apparent viscosity increases with shearrate.
That s, it thickens when it is being sheared. It can be described by:

T=ky

where 7 is the shear force, y is the shear rate, and n has a value greater than unity. Ex-
amples include titanium dioxide suspensions, cornflour and sugar suspensions, and
cement aggregates.

dilation (dilatation) An increase in volume.

diluent A substance thatis added to dilute a solution or mixture; to reduce the strength of
asolution by the addition of water or other solvent. Diluents are used to alter the viscosity of
asolution in order to meet specifications, such as the addition of naphtha or condensate to
heavy oils to meet pipeline specifications for transportation. In solvent extraction, diluents
are inert solvents such as kerosene in the *purex process to control the extraction capacity
of the organic layer.

dilution The volume of solvent in which a given amount of solute is dissolved.

dilution method A method used to calib