ELEMENTARY PRINCIPLES OF CHEMICAL PROCESSES

THE ELEMENTARY PRINCIPLES OF CHEMICAL PROCESSES FORM THE BEDROCK OF MODERN INDUSTRY, TRANSFORMING RAW
MATERIALS INTO THE MYRIAD PRODUCTS THAT DEFINE OUR DAILY LIVES. UNDERSTANDING THESE FUNDAMENTAL CONCEPTS IS
CRUCIAL FOR ANYONE INVOLVED IN CHEMICAL ENGINEERING, MANUFACTURING, OR EVEN ADVANCED SCIENTIFIC RESEARCH. THis
ARTICLE WILL DELVE INTO THE CORE TENETS THAT GOVERN CHEMICAL TRANSFORMATIONS, EXPLORING THE CONSERVATION
LAWS, REACTION KINETICS, THERMODYNAMICS, AND TRANSPORT PHENOMENA THAT DICTATE THE BEHAVIOR AND EFFICIENCY OF
INDUSTRIAL CHEMICAL OPERATIONS. W/E WILL EXAMINE HOW MASS AND ENERGY ARE MANAGED, HOW REACTION RATES ARE
CONTROLLED, AND HOW THE MOVEMENT OF SUBSTANCES INFLUENCES PROCESS DESIGN AND OPTIMIZATION. BY GRASPING THESE
ELEMENTARY PRINCIPLES, WE UNLOCK THE POTENTIAL FOR INNOVATION AND SUSTAINABLE DEVELOPMENT IN THE CHEMICAL
SECTOR.
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MAss AND ENERGY CONSERVATION PRINCIPLES

THE CORNERSTONE OF ALL CHEMICAL PROCESS ANALYSIS LIES IN THE FUNDAMENTAL LAWS OF CONSERVATION. THE PRINCIPLE OF
MASS CONSERVATION, ALSO KNOWN AS THE LAW OF CONSERVATION OF MATTER, STATES THAT IN ANY CLOSED SYSTEM, MASS
IS NEITHER CREATED NOR DESTROYED DURING A CHEMICAL REACTION. THIS IMPLIES THAT THE TOTAL MASS OF THE REACTANTS
BEFORE A REACTION MUST EQUAL THE TOTAL MASS OF THE PRODUCTS AFTER THE REACTION, CONSIDERING STOICHIOMETRIC
RELATIONSHIPS. FOR ENGINEERS, THIS TRANSLATES TO METICULOUS ACCOUNTING OF ALL MATERIAL INPUTS AND OUTPUTS IN A
PROCESS, ENSURING THAT NO MATERIAL IS LOST OR UNACCOUNTED FOR, WHICH IS VITAL FOR ECONOMIC VIABILITY AND
ENVIRONMENTAL COMPLIANCE.

SIMILARLY, THE PRINCIPLE OF ENERGY CONSERVATION, OFTEN REFERRED TO AS THE FIRST LAW OF THERMODYNAMICS, DICTATES
THAT ENERGY CANNOT BE CREATED OR DESTROYED, ONLY TRANSFORMED FROM ONE FORM TO ANOTHER. IN CHEMICAL PROCESSES,
THIS MEANS THAT THE TOTAL ENERGY OF A SYSTEM REMAINS CONSTANT. ENERGY CAN MANIFEST AS HEAT (ENTHALPY), WORK,
KINETIC ENERGY, OR POTENTIAL ENERGY. CHEMICAL REACTIONS THEMSELVES INVOLVE ENERGY CHANGES, EITHER RELEASING ENERGY
AS HEAT (EXOTHERMIC EEACTIONS) OR ABSORBING ENERGY (ENDOTHERMIC REACTIONS). A THOROUGH UNDERSTANDING OF
ENERGY BALANCES IS CRITICAL FOR DESIGNING SAFE AND EFFICIENT PROCESSES, PARTICULARLY IN MANAGING HEAT GENERATION OR
REMOVAL AND OPTIMIZING ENERGY CONSUMPTION FOR ECONOMIC AND ENVIRONMENTAL SUSTAINABILITY.

MAss BALANCE IN CONTINUOUS PROCESSES

APPLYING MASS BALANCE PRINCIPLES TO CONTINUOUS PROCESSES REQUIRES A STEADY-STATE ASSUMPTION, WHERE THE
AMOUNT OF MATERIAL ENTERING A SYSTEM PER UNIT TIME EQUALS THE AMOUNT LEAVING PER UNIT TIME. THIS INVOLVES
TRACKING THE MASS FLOW RATES OF ALL COMPONENTS ENTERING AND EXITING THE PROCESS. FOR MULTI-COMPONENT SYSTEMS,
INDIVIDUAL MASS BALANCES FOR EACH SPECIES ARE OFTEN NECESSARY, ESPECIALLY WHEN CHEMICAL REACTIONS OCCUR. THIS
DETAILED ACCOUNTING ALLOWS ENGINEERS TO DETERMINE THE REQUIRED FEED RATES, PREDICT PRODUCT YIELDS, AND IDENTIFY
POTENTIAL BOTTLENECKS OR INEFFICIENCIES WITHIN THE SYSTEM.

ENERGY BALANCE IN BATCH PROCESSES

IN BATCH PROCESSES, WHERE MATERIALS ARE PROCESSED IN DISCRETE QUANTITIES, ENERGY BALANCES ARE TYPICALLY APPLIED
OVER A SPECIFIC TIME INTERVAL. THIS INVOLVES ACCOUNTING FOR ALL HEAT ADDED OR REMOVED FROM THE SYSTEM, AS WELL
AS ANY WORK DONE BY OR ON THE SYSTEM. FOR INSTANCE, IN A BATCH REACTOR, THE ENERGY BALANCE WOULD CONSIDER THE
HEAT OF REACTION, HEAT TRANSFER THROUGH THE VESSEL WALLS, AND ANY \WORK DONE BY STIRRING. ACCURATE ENERGY



BALANCES ARE ESSENTIAL FOR CONTROLLING REACTION TEMPERATURE, PREVENTING THERMAL RUNAWAY, AND ENSURING PRODUCT
QUALITY AND CONSISTENCY.

CHeMICAL ReEACTION ENGINEERING FUNDAMENTALS

CHEMICAL REACTION ENGINEERING IS CONCERNED WITH THE STUDY OF CHEMICAL REACTIONS AND THE EQUIPMENT IN WHICH THEY
OCCUR. AT ITS CORE, IT INVOLVES UNDERSTANDING THE RATE AT WHICH REACTIONS PROCEED AND THE FACTORS THAT
INFLUENCE THESE RATES. THIS FIELD BRIDGES THE GAP BETWEEN FUNDAMENTAL CHEMICAL KINETICS AND THE PRACTICAL DESIGN
AND OPERATION OF CHEMICAL REACTORS. KEY CONSIDERATIONS INCLUDE REACTION MECHANISMS, THE INFLUENCE OF
TEMPERATURE, PRESSURE, AND CONCENTRATION ON REACTION SPEED, AND THE CHOICE OF APPROPRIATE REACTOR TYPES TO
ACHIEVE DESIRED OUTCOMES.

THE GOAL OF REACTION ENGINEERING IS TO MAXIMIZE PRODUCT YIELD, MINIMIZE UN\WWANTED BY-PRODUCTS, AND ENSURE SAFE AND
ECONOMICAL OPERATION. THIS OFTEN INVOLVES OPTIMIZING OPERATING CONDITIONS, SELECTING SUITABLE CATALYSTS, AND
DESIGNING REACTORS THAT PROVIDE EFFICIENT MIXING AND HEAT TRANSFER. W/ITHOUT A SOLID GRASP OF THESE PRINCIPLES,
CHEMICAL PROCESSES WOULD BE UNPREDICTABLE AND INEFFICIENT, LEADING TO WASTED RESOURCES AND POTENTIAL SAFETY
HAZARDS.

ReacTioN KINETICS AND RATE LAWS

REACTION KINETICS DEALS WITH THE SPEED AT WHICH CHEMICAL REACTIONS OCCUR. THE RATE OF A REACTION IS TYPICALLY
EXPRESSED AS THE CHANGE IN CONCENTRATION OF A REACTANT OR PRODUCT PER UNIT TIME. RATE LAWS ARE MATHEMATICAL
EXPRESSIONS THAT DESCRIBE HOW THE REACTION RATE DEPENDS ON THE CONCENTRATIONS OF REACTANTS. COMMON RATE
LAWS INCLUDE ZERO~-ORDER, FIRST-ORDER, AND SECOND~ORDER KINETICS, WHICH DESCRIBE DIFFERENT RELATIONSHIPS BETWEEN
RATE AND CONCENTRATION. UNDERSTANDING THESE LAWS IS FUNDAMENTAL FOR PREDICTING HOW QUICKLY A REACTION WILL
PROCEED UNDER VARIOUS CONDITIONS AND FOR DESIGNING REACTORS OF APPROPRIATE SIZE.

CATALYSIS AND REACTOR DESIGN

CATALYSTS PLAY A CRUCIAL ROLE IN MANY CHEMICAL PROCESSES BY INCREASING THE RATE OF A REACTION WITHOUT BEING
CONSUMED THEMSELVES. THEY ACHIEVE THIS BY PROVIDING AN ALTERNATIVE REACTION PATHWAY WITH A LOWER ACTIVATION
ENERGY. THE SELECTION AND DESIGN OF CATALYTIC REACTORS ARE THEREFORE CENTRAL TO REACTION ENGINEERING. DIFFERENT
REACTOR CONFIGURATIONS, SUCH AS PLUG FLOW REACTORS (PFRS) AND CONTINUOUS STIRRED-TANK REACTORS (CSTRS),
ARE CHOSEN BASED ON THE KINETICS OF THE REACTION, THE DESIRED CONVERSION, AND THE NEED FOR EFFICIENT HEAT AND MASS
TRANSFER.

THERMODYNAMICS IN CHEMICAL PROCESSES

CHEMICAL THERMODYNAMICS APPLIES THE PRINCIPLES OF THERMODYNAMICS TO CHEMICAL SYSTEMS. |T PROVIDES THE TOOLS TO
PREDICT THE FEASIBILITY OF CHEMICAL REACTIONS AND THE EQUILIBRIUM COMPOSITION OF REACTION MIXTURES. KEY
THERMODYNAMIC CONCEPTS INCLUDE ENTHALPY, ENTROPY, AND GIBBS FREE ENERGY. ENTHALPY RELATES TO THE HEAT CONTENT
OF A SYSTEM, ENTROPY TO ITS DEGREE OF DISORDER, AND GIBBS FREE ENERGY TO THE SPONTANEITY OF A PROCESS UNDER
CONSTANT TEMPERATURE AND PRESSURE CONDITIONS. BY ANALYZING THESE THERMODYNAMIC PROPERTIES, ENGINEERS CAN
DETERMINE WHETHER A REACTION WILL PROCEED SPONTANEOUSLY, THE EXTENT TO WHICH IT WILL PROCEED, AND THE ENERGY
REQUIREMENTS OR RELEASES ASSOCIATED WITH IT.

THERMODYNAMICS ALSO GOVERNS PHASE EQUILIBRIA, DICTATING THE CONDITIONS UNDER WHICH SUBSTANCES CHANGE FROM ONE
PHASE TO ANOTHER (E.G., SOLID, LIQUID, GAS). THIS IS CRITICALLY IMPORTANT FOR PROCESSES INVOLVING DISTILLATION,
EVAPORATION, AND CONDENSATION. UNDERSTANDING THESE FUNDAMENTAL THERMODYNAMIC RELATIONSHIPS IS ESSENTIAL FOR
OPTIMIZING PROCESS CONDITIONS TO MAXIMIZE PRODUCT YIELD, MINIMIZE ENERGY CONSUMPTION, AND ENSURE SAFE OPERATION.



GiBBS FREE ENERGY AND SPONTANEITY

THe GIBBS FREE ENERGY (AG) IS A THERMODYNAMIC POTENTIAL THAT COMBINES ENTHALPY (AH) AND ENTROPY (AS) AND IS
DEFINED AS AG = AH - TAS, WHERE T IS THE ABSOLUTE TEMPERATURE. A NEGATIVE VALUE OF AG INDICATES THAT A
PROCESS IS SPONTANEOUS AND WILL PROCEED WITHOUT EXTERNAL ENERGY INPUT. CONVERSELY, A POSITIVE AG SUGGESTS
THAT THE PROCESS IS NON-SPONTANEOUS AND REQUIRES ENERGY INPUT TO OCCUR. FOR CHEMICAL ENGINEERS, CALCULATING AG
HELPS IN DETERMINING THE THEORETICAL MAXIMUM YIELD OF A REACTION AND ASSESSING ITS FEASIBILITY.

PHASE EQUILIBRIA AND THEIR IMPORTANCE

PHASE EQUILIBRIA DESCRIBE THE CONDITIONS UNDER WHICH DIFFERENT PHASES OF MATTER COEXIST IN EQUILIBRIUM. THIS IS
GOVERNED BY FACTORS SUCH AS TEMPERATURE, PRESSURE, AND COMPOSITION. For INSTANCE, IN A DISTILLATION COLUMN, THE
EQUILIBRIUM BETWEEN LIQUID AND VAPOR PHASES DICTATES THE SEPARATION EFFICIENCY. UNDERSTANDING PHASE DIAGRAMS
AND EQUILIBRIUM DATA ALLOWS ENGINEERS TO DESIGN AND OPERATE SEPARATION PROCESSES EFFECTIVELY, ENSURING THAT THE
DESIRED COMPONENTS ARE SEPARATED WITH HIGH PURITY.

TRANSPORT PHENOMENA IN CHEMICAL ENGINEERING

TRANSPORT PHENOMENA IS A BROAD FIELD THAT ENCOMPASSES THE STUDY OF THE RATES OF TRANSFER OF MASS, MOMENTUM,
AND ENERGY. THESE FUNDAMENTAL PROCESSES ARE UBIQUITOUS IN ALL CHEMICAL OPERATIONS AND ARE CRITICAL FOR
UNDERSTANDING HOW MATERIALS AND ENERGY MOVE WITHIN A SYSTEM. THE THREE MAIN AREAS OF TRANSPORT PHENOMENA ARE
FLUID MECHANICS (MOMENTUM TRANSFER), HEAT TRANSFER (ENERGY TRANSFER)/ AND MASS TRANSFER (SPECIES TRANSFER).
ENGINEERS MUST ANALYZE THESE PHENOMENA TO DESIGN EQUIPMENT THAT FACILITATES EFFICIENT MIXING, HEAT EXCHANGE, AND
SEPARATION.

THE INTERPLAY OF THESE TRANSPORT PROCESSES OFTEN DICTATES THE OVERALL PERFORMANCE AND EFFICIENCY OF A CHEMICAL
PLANT. FOR EXAMPLE, POOR MIXING (MOMENTUM TRANSFER) CAN LEAD TO SLOW REACTION RATES, INADEQUATE HEAT REMOVAL
CAN CAUSE SAFETY ISSUES, AND INEFFICIENT MASS TRANSFER CAN RESULT IN POOR PRODUCT RECOVERY. THEREFORE, A DEEP
UNDERSTANDING OF THESE PRINCIPLES IS PARAMOUNT FOR OPTIMIZING PROCESS DESIGN AND OPERATION.

MoMENTUM TRANSFER AND FLUID FLow

MOMENTUM TRANSFER, GOVERNED BY THE PRINCIPLES OF FLUID MECHANICS, DEALS WITH THE MOVEMENT OF FLUIDS. THis
INCLUDES UNDERSTANDING CONCEPTS LIKE VISCOSITY, PRESSURE DROP, AND FLOW PATTERNS. IN CHEMICAL PROCESSES,
CONTROLLING FLUID FLOW IS ESSENTIAL FOR TRANSPORTING MATERIALS, ACHIEVING PROPER MIXING IN REACTORS, AND
OPERATING EQUIPMENT LIKE PUMPS AND COMPRESSORS. DESIGNING PIPING SYSTEMS, SELECTING APPROPRIATE PUMPS, AND
ENSURING SMOOTH FLOW ARE ALL APPLICATIONS OF MOMENTUM TRANSFER PRINCIPLES.

HeAaT TRANSFER AND THERMAL MANAGEMENT

HEAT TRANSFER FOCUSES ON THE MOVEMENT OF THERMAL ENERGY FROM ONE POINT TO ANOTHER. THE THREE PRIMARY MODES OF
HEAT TRANSFER ARE CONDUCTION, CONVECTION, AND RADIATION. IN CHEMICAL PROCESSES, EFFICIENT HEAT TRANSFER IS CRUCIAL
FOR CONTROLLING REACTION TEMPERATURES, HEATING OR COOLING PROCESS STREAMS, AND RECOVERING ENERGY. HeAT
EXCHANGERS ARE COMMON PIECES OF EQUIPMENT DESIGNED TO FACILITATE CONTROLLED HEAT TRANSFER BETWEEN DIFFERENT
FLUIDS. OPTIMIZING HEAT TRANSFER IS VITAL FOR ENERGY EFFICIENCY AND FOR MAINTAINING SAFE OPERATING TEMPERATURES.

MAss TRANSFER AND SEPARATION PROCESSES

MASS TRANSFER DESCRIBES THE NET MOVEMENT OF MASS FROM ONE LOCATION TO ANOTHER, OFTEN DRIVEN BY CONCENTRATION
GRADIENTS. THIS IS THE FUNDAMENTAL PRINCIPLE BEHIND MANY SEPARATION PROCESSES, SUCH AS DISTILLATION, ABSORPTION,



AND EXTRACTION. UNDERSTANDING MASS TRANSFER RATES IS ESSENTIAL FOR DESIGNING EQUIPMENT THAT CAN EFFECTIVELY
SEPARATE COMPONENTS OF A MIXTURE. FOR EXAMPLE, IN ABSORPTION, A GAS COMPONENT IS TRANSFERRED FROM THE GAS
PHASE TO A LIQUID PHASE, AND THE EFFICIENCY OF THIS TRANSFER IS GOVERNED BY MASS TRANSFER COEFFICIENTS.

SEPARATION PROCESSES OVERVIEW

SEPARATION PROCESSES ARE A VITAL PART OF CHEMICAL ENGINEERING, EMPLOYED TO ISOLATE DESIRED PRODUCTS FROM
REACTION MIXTURES, PURIFY RAW MATERIALS, OR RECOVER VALUABLE BY~-PRODUCTS. THESE PROCESSES ARE DESIGNED TO
EXPLOIT DIFFERENCES IN PHYSICAL OR CHEMICAL PROPERTIES BETWEEN THE COMPONENTS OF A MIXTURE, SUCH AS BOILING POINT,
SOLUBILITY, DENSITY, OR ADSORPTION CHARACTERISTICS. THE EFFICIENCY AND COST-EFFECTIVENESS OF SEPARATION
PROCESSES SIGNIFICANTLY IMPACT THE OVERALL ECONOMICS AND SUSTAINABILITY OF A CHEMICAL OPERATION.

COMMON SEPARATION TECHNIQUES INCLUDE DISTILLATION, ABSORPTION, EXTRACTION, FILTRATION, CRYSTALLIZATION, AND
MEMBRANE SEPARATIONS. THE CHOICE OF A PARTICULAR SEPARATION METHOD DEPENDS ON THE SPECIFIC MIXTURE TO BE
SEPARATED, THE REQUIRED PURITY OF THE PRODUCT, AND ECONOMIC CONSIDERATIONS. MASTERY OF THESE TECHNIQUES
REQUIRES A SOLID UNDERSTANDING OF THERMODYNAMICS, PHASE EQUILIBRIA, AND TRANSPORT PHENOMENA.

DISTILLATION AND ITS APPLICATIONS

DISTILLATION IS A WIDELY USED SEPARATION TECHNIQUE BASED ON THE DIFFERENCE IN VOLATILITY OF COMPONENTS IN A LIQUID
MIXTURE. BY HEATING THE MIXTURE, THE MORE VOLATILE COMPONENTS VAPORIZE PREFERENTIALLY, AND THE VAPOR IS THEN
CONDENSED AND COLLECTED. THIS PROCESS CAN BE REPEATED IN STAGES (RECTIFICATION) TO ACHIEVE HIGH PURITIES.
DISTILLATION IS FUNDAMENTAL TO THE PETROCHEMICAL INDUSTRY, PRODUCING FUELS, SOLVENTS, AND CHEMICAL
INTERMEDIATES.

MEMBRANE SEPARATIONS AND ADVANCED TECHNIQUES

MEMBRANE SEPARATION PROCESSES UTILIZE SEMI-PERMEABLE MEMBRANES TO SEPARATE COMPONENTS BASED ON DIFFERENCES IN
SIZE, CHARGE, OR AFFINITY. TECHNIQUES LIKE REVERSE OSMOSIS, NANOFILTRATION, AND ULTRAFILTRATION ARE EMPLOYED IN
WATER TREATMENT, FOOD PROCESSING, AND PHARMACEUTICAL PURIFICATION. THESE ADVANCED METHODS OFTEN OFFER ENERGY-
EFFICIENT ALTERNATIVES TO TRADITIONAL SEPARATION TECHNIQUES AND ARE INCREASINGLY IMPORTANT FOR SUSTAINABLE
CHEMICAL MANUFACTURING.

Q: WHAT ARE THE MOST FUNDAMENTAL ELEMENTARY PRINCIPLES OF CHEMICAL
PROCESSES?

A: THE MOST FUNDAMENTAL ELEMENTARY PRINCIPLES OF CHEMICAL PROCESSES ARE MASS AND ENERGY CONSERVATION, CHEMICAL
REACTION KINETICS, THERMODYNAMICS, AND TRANSPORT PHENOMENA. THESE PRINCIPLES GOVERN HOW MATTER AND ENERGY
BEHAVE DURING CHEMICAL TRANSFORMATIONS AND ARE ESSENTIAL FOR DESIGNING, OPERATING, AND OPTIMIZING CHEMICAL
PLANTS.

Q: How DOES MASS CONSERVATION APPLY TO A CHEMICAL REACTOR?

A:IN A CHEMICAL REACTOR, MASS CONSERVATION MEANS THAT THE TOTAL MASS OF REACTANTS CONSUMED MUST EQUAL THE
TOTAL MASS OF PRODUCTS FORMED, ACCOUNTING FOR ANY BY~-PRODUCTS AND UNREACTED STARTING MATERIALS. ENGINEERS
USE MASS BALANCES TO TRACK THE FLOW OF ALL CHEMICAL SPECIES INTO AND OUT OF THE REACTOR, ENSURING NO MATERIAL
IS LOST AND PREDICTING PRODUCT YIELDS.



QI \WHAT IS THE ROLE OF THERMODYNAMICS IN PREDICTING CHEMICAL REACTIONS?

A: THERMODYNAMICS, PARTICULARLY THE CONCEPT OF GIBBS FREE ENERGY, HELPS PREDICT THE SPONTANEITY AND EQUILIBRIUM
POSITION OF A CHEMICAL REACTION. A NEGATIVE GIBBS FREE ENERGY CHANGE (AG) INDICATES A SPONTANEOUS REACTION,
WHILE A POSITIVE AG SUGGESTS IT REQUIRES ENERGY INPUT. THIS ALLOWS ENGINEERS TO ASSESS WHETHER A REACTION IS
FEASIBLE AND TO WHAT EXTENT IT WILL PROCEED UNDER GIVEN CONDITIONS.

Q: How DO TRANSPORT PHENOMENA INFLUENCE THE EFFICIENCY OF A CHEMICAL
PROCESS?

A: TRANSPORT PHENOMENA , WHICH INCLUDE THE TRANSFER OF MOMENTUM, HEAT, AND MASS, ARE CRITICAL FOR PROCESS
EFFICIENCY. FOR EXAMPLE, EFFICIENT MIXING (MOMENTUM TRANSFER) ENSURES REACTANTS COME INTO CONTACT, EFFECTIVE HEAT
TRANSFER MANAGES REACTION TEMPERATURE, AND RAPID MASS TRANSFER FACILITATES PRODUCT SEPARATION, ALL OF WHICH
IMPACT REACTION RATES, YIELDS, AND ENERGY CONSUMPTION.

QI \WHAT ARE SOME COMMON EXAMPLES OF SEPARATION PROCESSES BASED ON
ELEMENTARY PRINCIPLES?

A: COMMON SEPARATION PROCESSES INCLUDE DISTILLATION, WHICH RELIES ON DIFFERENCES IN BOILING POINTS
(THERMODYNAMICS AND PHASE EQUILIBRIA)/ AND MEMBRANE FILTRATION, WHICH USES MEMBRANES TO SEPARATE MOLECULES
BASED ON SIZE AND OTHER PROPERTIES (TRANSPORT PHENOMENA). ABSORPTION, WHERE A GAS IS DISSOLVED INTO A LIQUID, IS
ANOTHER EXAMPLE DRIVEN BY MASS TRANSFER PRINCIPLES.

QZ \NWHY IS UNDERST ANDING REACTION KINETICS IMPORTANT FOR CHEMICAL ENGINEERS?

A: UNDERSTANDING REACTION KINETICS IS CRUCIAL BECAUSE IT DETERMINES THE RATE AT WHICH A CHEMICAL REACTION OCCURS.
THIS KNOWLEDGE ALLOWS CHEMICAL ENGINEERS TO DESIGN REACTORS OF THE APPROPRIATE SIZE TO ACHIEVE DESIRED
PRODUCTION RATES, OPTIMIZE OPERATING CONDITIONS (LIKE TEMPERATURE AND PRESSURE) TO MAXIMIZE PRODUCT YIELD AND
MINIMIZE UNWANTED BY-PRODUCTS, AND ENSURE THE SAFETY OF THE PROCESS BY CONTROLLING REACTION SPEED.

QZ \WHAT IS THE DIFFERENCE BETWEEN AN EXOTHERMIC AND AN ENDOTHERMIC REACTION
IN TERMS OF ENERGY CONSERVATION?

A: IN AN EXOTHERMIC REACTION, ENERGY IS RELEASED INTO THE SURROUNDINGS, TYPICALLY AS HEAT. IN TERMS OF ENERGY
CONSERVATION, THIS MEANS THE ENTHALPY OF THE PRODUCTS IS LOWER THAN THE ENTHALPY OF THE REACTANTS.
CONVERSELY/ AN ENDOTHERMIC REACTION ABSORBS ENERGY FROM THE SURROUNDINGS, MEANING THE ENTHALPY OF THE
PRODUCTS IS HIGHER THAN THAT OF THE REACTANTS. ENGINEERS MUST ACCOUNT FOR THESE ENERGY CHANGES IN PROCESS
DESIGN TO MANAGE HEAT EFFECTIVELY.
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