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UNDERSTANDING THE AMOUNT OF STEAM PRODUCED DURING THE COMBUSTION OF HYDROCARBONS LIKE ocTANE (C8H18) Is
ESSENTIAL IN VARIOUS FIELDS, INCLUDING CHEMICAL ENGINEERING, ENERGY PRODUCTION, AND ENVIRONMENT AL SCIENCE. THIS
ARTICLE PROVIDES A COMPREHENSIVE ANALYSIS OF HOW TO DETERMINE THE GRAMS OF STEAM GENERATED WHEN 675 GRAMS OF

OXYGEN GAS ARE CONSUMED DURING THE COMBUSTION OF OCTANE, PRESENTING THE PROCESS STEP-BY-STEP, GROUNDED IN
STOICHIOMETRY PRINCIPLES.

INTRoDUCTION To CoMBusTIoN oF OcTane (C8H18)

THE COMBUSTION OF HYDROCARBONS SUCH AS OCTANE (C8H18) IS A FUNDAMENTAL CHEMICAL REACTION, OFTEN STUDIED IN
THERMODYNAMICS AND CHEMICAL ENGINEERING. |T INVOLVES THE REACTION OF OCTANE WITH OXYGEN (O,) TO PRODUCE
cArBoN DIOXIDE (CO,) AND WATER VAPOR (H,O). THE GENERAL COMBUSTION REACTION FOR OCTANE IS:

\[ \MaTHRM{C_8H {18} + O_2 \ricHTARROW CO_2 +H_ 20} \]

HO\X/EVER, THE COMPLETE BALANCED CHEMICAL EQUATION FOR OCTANE COMBUSTION IS MORE DETAILED AND SPECIFIC, INCLUDING
COEFFICIENTS THAT SATISFY THE CONSERVATION OF ATOMS.

BALANCED CHEMICAL EQUATION FOR OcTANE COMBUSTION

TO ACCURATELY COMPUTE THE AMOUNT OF STEAM PRODUCED, THE FIRST STEP IS TO WRITE AND BALANCE THE CHEMICAL
EQUATION.

UNBALANCED EQUATION:

\[ \MATHRM{C_8H {18} + O_2 \riGHTARROW CO_2 +H 20} \]
BALANCING THE EQUATION:

1. BALANCE CARBON ATOMS:

\[ \MATHRM{C_8H_{18} + O_2 \riGHTARROW 8\,CO_2 +H_20} \]

2. BALANCE HYDROGEN ATOMS:

\[ \MATHRM{C_8H_{18} + O_2 \riGHTARROW 8\,CO_2 + 9\ H 20} \]
3. BALANCE OXYGEN ATOMS:

- ON THE RIGHT SIDE, TOTAL OXYGEN ATOMS!



\[(8\7iMes 2) + (9 \TiMes 1) = 16+ 9 =25 \]

- ON THE LEFT SIDE, OXYGEN APPEARS AS O, MOLECULES; EACH O, PROVIDES 2 OXYGEN ATOMS, SO:
\[ \MATHRM{O_ 23 \TexT{ MoLEcULES} = \FrrRAC{25}{2} = 12.5\]

- TO ELIMINATE FRACTIONAL COEFFICIENTS, MULTIPLY THE ENTIRE EQUATION BY 2:
\[2\,C_8H_{18} + 25\,0_2 \rigHTARROW 16\,CO_2 + 18\ H _20\]

FINAL BALANCED EQUATION:

\[ \eoxeo{2\,C_8H_{18} + 25\,0_2 \rigHTARROW 16\,CO_2 + 18\ H_20}\]

THIS BALANCED EQUATION INDICATES THAT 25 MOLES OF OXYGEN ARE REQUIRED TO COMPLETELY COMBUST 2 MOLES OF
OCTANE, PRODUCING 16 MoLES oF CO, AND 18 MoLEs oF H,O.

CALCULATING THE MoLES OF OxXYGEN CONSUMED

GIVEN THAT 675 GRAMS OF OXYGEN GAS (02> ARE INVOLVED, THE FIRST STEP IS TO DETERMINE HOW MANY MOLES OF OXYGEN
THIS MASS CORRESPONDS TO.

MoLAR MASS OF O,:
\[ \MATHRM{O_23} = 16 \7iMes 2 = 32\, \MmaTHRM{G/MoL} \]
NUMBER OF MOLES OF OXYGEN:

\[ \TexT{MoLes of } O_2 = \rrac{\TexT{MAss oF } O_2}{\TexT{MoLAR MASS OF } O_2} =
\rrac{675\,6}{32\,c/moL} \approx 21.09\, \TexT{MoL} \]

DeTERMINING THE MoLES oF OcTANE COMBUSTED

THE BALANCED CHEMICAL EQUATION SHOWS THAT:

- 25 MoL ofF O, CORRESPOND TO 2 MOL OF CgHig.

THEREFORE, THE MOLAR RATIO IS:

\[\rrAC{2\, \TexT{moL C} 8\T1exT{H} {18}}{25\, \text{moL O} 2}\]

USING THIS RATIO, THE MOLES OF OCTANE COMBUSTED WHEN 2 1.09 MOL OF OXYGEN ARE USED:

\[ \TexT{MoLes oF } C_8H_{18} = \Ler7( \rrac{2}{253} \riGHT) \TiMes 21.09 \apPrOX 1.69\, \TExT{MoL} \]



CALCULATING THE MoLEs oF WATER (STEAM) PRODUCED

FROM THE BALANCED EQUATION, 2 MOL OF OCTANE PRODUCE 18 MOL OF WATER VAPOR (H,O). THUS, THE MOLAR RATIO OF
OCTANE TO WATER IS:

\[ \rrAC{ 18\, \TexT{MoL H} 20} 2\, \Text{moL C}_8H {18}} =9 \]
THEREFORE, THE MOLES OF WATER PRODUCED WHEN 1.69 MOL OF OCTANE ARE COMBUSTED:

\[ \texT{MoLes ofF } H_20 = 1.69 \TiMes 9 \approx 15.21\, \TexT{moL} \]

CoNVERTING MoLEs oF WATER To GRAMS

THE MOLAR MASS OF WATER:
\[ \MATHRM{H_20} = (2 \1iMes 1) + 16 = 18\, \MaTHrM{G/MoL} \]
TOTAL GRAMS OF STEAM PRODUCED:

\[ \text{Mass oF } H_20 = 15.21\, \Text{moL} \TiMes 18\, \mMaTHrM{G/MoL} \APPrOX 273.78\, \TexT{c} \]

FINAL RESULT: How MANY GRAMS OF STEAM ARE PRODUCED?

ANSWER:

W/HEN 675 GRAMS OF OXYGEN GAS ARE COMBUSTED WITH OCTANE ACCORDING TO THE BALANCED CHEMICAL EQUATION,
APPROXIMATELY 27 3.78 GrAMS OF STEAM (WATER VAPOR) ARE PRODUCED.

ADDITIONAL CONSIDERATIONS AND REAL-\W/ ORLD APPLICATIONS

UNDERSTANDING THE THEORETICAL YIELD OF STEAM DURING HYDROCARBON COMBUSTION IS CRUCIAL FOR:

- ENERGY EFFICIENCY CALCULATIONS: ESTIMATING HOW MUCH WATER VAPOR IS PRODUCED IN FUEL COMBUSTION PROCESSES.
- ENVIRONMENTAL IMPACT ASSESSMENTS: RECOGNIZING WATER VAPOR EMISSIONS FROM COMBUSTION ENGINES OR POWER
PLANTS.

- DESIGN OF COMBUSTION SYSTEMS: ENSURING PROPER HANDLING OF EXHAUST GASES AND VAPOR RECOVERY.

FACTORS AFFECTING ACTUAL STEAM PRODUCTION:
- INCOMPLETE COMBUSTION LEADING TO LESS WATER FORMATION.

- VARIATIONS IN REACTION CONDITIONS AND IMPURITIES.
- PRACTICAL LOSSES DURING INDUSTRIAL PROCESSES.



SUMMARY OF KEY STEPS FOR CALCULATIONS

TO DETERMINE THE GRAMS OF STEAM PRODUCED DURING HYDROCARBON COMBUSTION, FOLLOW THIS STRUCTURED APPROACH:

1. WRITE AND BALANCE THE CHEMICAL COMBUSTION EQUATION.

2. CONVERT GIVEN MASS OF REACTANT (OXYGEN) TO MOLES.

3. USE MOLE RATIOS FROM THE BALANCED EQUATION TO FIND MOLES OF HYDROCARBON COMBUSTED.
4. DETERMINE MOLES OF WATER PRODUCED BASED ON THE MOLAR RATIO.

5. CONVERT MOLES OF WATER TO GRAMS USING MOLAR MASS.

6. INTERPRET THE RESULTS IN THE CONTEXT OF THE SPECIFIC REACTION.

CoNcCLUSION

CALCULATING THE AMOUNT OF STEAM PRODUCED DURING THE COMBUSTION OF OCTANE PROVIDES VALUABLE INSIGHTS INTO THE
CHEMICAL PROCESS'S EFFICIENCY AND BY-PRODUCTS. BASED ON THE STOICHIOMETRIC CALCULATIONS, APPROXIMATELY
273.78 GRAMS OF WATER VAPOR ARE GENERATED WHEN 675 GRAMS OF OXYGEN ARE CONSUMED DURING THE COMPLETE
COMBUSTION OF OCTANE. SUCH CALCULATIONS ARE FUNDAMENTAL IN CHEMICAL ENGINEERING, FUEL EFFICIENCY ANALYSIS, AND
ENVIRONMENTAL MANAGEMENT.

FAQs

Q 1: CAN THE ACTUAL STEAM PRODUCED BE MORE OR LESS THAN THE CALCULATED VALUE?
YES, ACTUAL CONDITIONS SUCH AS INCOMPLETE COMBUSTION, IMPURITIES, AND SYSTEM INEFFICIENCIES CAN LEAD TO
VARIATIONS.

QQI How IS THE AMOUNT OF OXYGEN SUPPLIED IN REAL-WORLD COMBUSTION SYSTEMS CONTROLLED?
THROUGH PRECISE FUEL-TO-AIR RATIO CONTROL IN BURNERS AND ENGINES.

Q32 WHY IS UNDERSTANDING WATER VAPOR PRODUCTION IMPORTANT?
BECAUSE WATER VAPOR IMPACTS EXHAUST COMPOSITION, ENVIRONMENTAL EMISSIONS, AND ENERGY EFFICIENCY.

Q4: |s THE CALCULATED WATER VAPOR IN THE GASEOUS FORM?
YES, UNDER TYPICAL COMBUSTION CONDITIONS, WATER IS PRODUCED AS VAPOR.

Q5: How DOES THIS CALCULATION APPLY TO OTHER HYDROCARBONS?
THE SAME PRINCIPLES APPLY; JUST THE BALANCED CHEMICAL EQUATION AND MOLAR RATIOS CHANGE ACCORDINGLY.

BY MASTERING THESE CALCULATIONS, ENGINEERS AND SCIENTISTS CAN OPTIMIZE COMBUSTION PROCESSES, REDUCE
ENVIRONMENTAL IMPACT, AND IMPROVE ENERGY UTILIZATION.

FREQUENTLY ASkeD QUESTIONS



How DO YOU CALCULATE THE AMOUNT OF STEAM PRODUCED WHEN 675 GRAMS OF
OXYGEN GAS COMBUSTS WITH 2C8H18?

TO DETERMINE THE AMOUNT OF STEAM PRODUCED, FIRST WRITE THE BALANCED COMBUSTION EQUATION, FIND THE MOLAR
RATIOS, CALCULATE MOLES OF OXYGEN COMBUSTED, AND THEN USE THE STOICHIOMETRIC RATIOS TO FIND THE MOLES OF
W ATER PRODUCED, CONVERTING THAT TO GRAMS.

\WHAT IS THE BALANCED CHEMICAL EQUATION FOR THE COMBUSTION OF OCTANE
(C8H18) WITH OXYGEN?

THE BALANCED EQUATION IS 2 C8H18 + 25 O2 16 CO2 + 18 H20.

How MANY GRAMS OF WATER (STEAM) ARE PRODUCED WHEN 675 GRAMS OF OXYGEN
GAS COMBUSTS ACCORDING TO THE EQUATION?

USING THE MOLAR RATIOS, 675 GRAMS OF O2 CORRESPONDS TO APPROXIMATELY 129.6 GRAMS OF H2O PRODUCED DURING
COMBUSTION.

\WHAT IS THE MOLAR MASS OF OXYGEN GAS (O2) AND WATER (H20), AND HOW ARE
THEY USED IN CALCULATIONS?

OxYGeEN (O2) HAS A MOLAR MASS OF 32 G/MoL, AND WATER (H20) HAS A MOLAR MASS OF 18 G/MoL. THESE ARE USED
TO CONVERT BETWEEN MASS AND MOLES FOR STOICHIOMETRIC CALCULATIONS.

CAN YOU EXPLAIN HOW TO DETERMINE THE LIMITING REAGENT IN THIS COMBUSTION
REACTION?

SINCE THE PROBLEM STATES A SPECIFIC AMOUNT OF OXYGEN, IF THE AMOUNT OF OCTANE IS SUFFICIENT, OXYGEN IS THE LIMITING
REAGENT. CALCULATIONS COMPARE THE MOLAR AMOUNTS TO IDENTIFY WHICH REACTANT IS LIMITING.

\WHAT IS THE SIGNIFICANCE OF CONVERTING GRAMS TO MOLES IN COMBUSTION
CALCULATIONS?

CONVERTING GRAMS TO MOLES ALLOWS US TO USE THE MOLAR RATIOS FROM THE BALANCED EQUATION TO ACCURATELY
DETERMINE THE AMOUNT OF PRODUCTS FORMED, SUCH AS WATER (STEAM).

ARE THERE ANY ASSUMPTIONS MADE WHEN CALCULATING THE AMOUNT OF STEAM
PRODUCED IN THIS REACTION?

YES/ ASSUMPTIONS INCLUDE COMPLETE COMBUSTION WITH NO SIDE REACTIONS, IDEAL GAS BEHAVIOR, AND THAT ALL OXYGEN
REACTS FULLY TO PRODUCE WATER, WITHOUT LOSSES OR IMPURITIES.

ADDITIONAL RESOURCES

How MaNy GraMs OF STEAM ARE ProbuUcED WHEN 675 GraMs OrF OxYGeN Gas CoMBUST?

UNDERSTANDING THE PRECISE AMOUNT OF STEAM PRODUCED DURING COMBUSTION REACTIONS IS FUNDAMENTAL IN FIELDS
RANGING FROM CHEMICAL ENGINEERING AND ENVIRONMENTAL SCIENCE TO ENERGY PRODUCTION AND INDUSTRIAL PROCESSES. THIS
DETAILED INVESTIGATION EXPLORES THE COMBUSTION OF 2C8H 18 (OCTANE) WITH OXYGEN, FOCUSING ON CALCULATING THE
GRAMS OF STEAM GENERATED WHEN 675 GRAMS OF OXYGEN GAS ARE INVOLVED. THE PROCESS INVOLVES A THOROUGH
EXAMINATION OF THE REACTION STOICHIOMETRY, MOLAR RELATIONSHIPS, AND PRACTICAL CONSIDERATIONS FOR REAL-WORLD



APPLICATIONS.

INTRODUCTION TO COMBUSTION OF OCTANE AND TS SIGNIFICANCE

COMBUSTION REACTIONS ARE EXOTHERMIC PROCESSES WHERE A HYDROCARBON REACTS WITH OXYGEN TO PRODUCE CARBON
DIOXIDE, WATER (AS VAPOR OR LIQUID), AND ENERGY. OCTANE (C8H18) IS A PRIMARY COMPONENT OF GASOLINE AND A
COMMON HYDROCARBON USED IN COMBUSTION STUDIES DUE TO ITS WELL-CHARACTERIZED CHEMICAL PROPERTIES.

THE GENERAL COMBUSTION REACTION FOR OCTANE IS:

C8H18 + 02 CO2 + H2O + EnerGY

IN A COMPLETE COMBUSTION SCENARIO, OCTANE REACTS WITH OXYGEN TO PRODUCE CARBON DIOXIDE AND WATER VAPOR. THE
AMOUNT OF WATER (STEAM) PRODUCED IS DIRECTLY RELATED TO THE AMOUNT OF OCTANE BURNED AND THE OXYGEN SUPPLIED.

UNDERSTANDING THE ReacTIoN: CoMBusTION oF C8H18

BALANCED CHEMICAL EQUATION

ToO DETERMINE THE GRAMS OF STEAM PRODUCED, WE FIRST NEED THE BALANCED CHEMICAL EQUATION FOR THE COMBUSTION OF
OCTANE:

C8H18 + \(\rrAc{25}{2}\) O2 8 CO2 + 9 H20
MULTIPLYING THROUGH BY 2 TO CLEAR FRACTIONS:
2C8H18+2502F 16CO2+ 18H20

Key PoINTs:

- 2 MOLES OF OCTANE REACT WITH 25 MOLES OF OXYGEN.
- THE REACTION PRODUCES 18 MOLES OF WATER VAPOR.

THIS STOICHIOMETRY WILL SERVE AS THE FOUNDATION FOR OUR CALCULATIONS.

CALCULATING MoLAR QUANTITIES: FROM GRAMS TO MoLES

Step 1: DETERMINE THE MOLAR MASS OF ocTANE (C8H18)

- Careon (C): 12.01 &/MoL
- Hyorogen (H): 1.008 c/moL



MoLAR MASS oF C8H18:
=(8x12.01)+ (18 x 1.008)

=96.08 +18.144
=114.224 c/moL

STeP 2: DETERMINE THE MOLAR AMOUNT OF OXYGEN SUPPLIED (675 GRAMS)

- MoLAR MASS oF O2:

OxvyaGen (O): 16.00 6/moL
OxYGEN MOLECULE (O2): 32.00 G/MoL

NUMBER OF MOLES oF O2:

=675¢6/32.00 ¢/mMoL
~ 21.09 moL

USING STOICHIOMETRY TO FIND W ATER PRODUCED

STEP 3: ESTABLISH MOLAR RELATIONSHIPS

FROM THE BALANCED REACTION:
2C8H18+2502[ 18H20

- 2 MoL C8H18 probuces 18 moL H20
- THererore, 1 MoL C8H 18 probuces 9 MoL H20

SINCE OXYGEN IS THE LIMITING REAGENT, WE NEED TO DETERMINE HOW MUCH OCTANE CORRESPONDS TO THE AVAILABLE OXYGEN.

STEP 4: FIND THE AMOUNT OF OCTANE THAT REACTS WITH 21.09 MoL oF O2

MOLAR RATIO:

25mMoL O2: 2 moL C8H18

THus,

NUMBER OF MOLES OF OCTANE REACTING:

(21.09 MoL O2) x (2 MoL C8H18 / 25 mMoL ©O2)

21.09 x0.08
1.687 moL C8H18

2 |



STeP 5: CALCULATE MOLES OF WATER PRODUCED

USING THE MOLAR RATIO:
1MoL C8H18 9 MoL H20

So

1

MoLes oF H2O PRODUCED:

1.687 MoL C8H18 x 9 moL H20O / 1 MmoL C8H18
15.183 MoL H20O

Qo

CoNVERTING MoLEs oF WATER To GRAMS OF STEAM

SteP 6: MoLAR MAss ofF wATER (H20)

- Hyorogen: 1.008 G/mMoL
- OxYGeN: 16.00 G/moL

MoLAR MASS oF H20O:
=(2 % 1.008) + 16.00

=2016+ 16.00
= 18.016 6/moL

Step 7: TOTAL GRAMS OF STEAM (WATER VAPOR)

MASS OF WATER:

= 15.183 MoL X 18.016 /mMoL
~ 273.4 GRAMS

SUMMARY OF FINDINGS

BASED ON THE STOICHIOMETRIC CALCULATIONS:

- WHEN 675 GRAMS OF OXYGEN ARE COMBUSTED WITH OCTANE (C8H18), APPROXIMATELY 27 3.4 GRAMS OF STEAM
(WATER VAPOR) ARE PRODUCED.

THIS CALCULATION ASSUMES COMPLETE COMBUSTION, IDEAL CONDITIONS, AND NO SIDE REACTIONS OR LOSSES.



ADDITIONAL CONSIDERATIONS AND PRACTICAL IMPLICATIONS

1. REACTION EFFICIENCY AND REAL-W ORLD CONDITIONS

IN PRACTICAL COMBUSTION SYSTEMS, FACTORS SUCH AS INCOMPLETE COMBUSTION, IMPURITIES, AND HEAT LOSSES CAN
INFLUENCE THE ACTUAL AMOUNT OF WATER PRODUCED. TYPICALLY, THE THEORETICAL YIELD PROVIDES AN UPPER LIMIT, WITH
REAL YIELDS OFTEN SOMEWHAT LOWER.

2. RoLE oF Excess OXYGEN

THE CALCULATION ASSUMES OXYGEN IS THE LIMITING REAGENT. IN REAL ENGINES OR INDUSTRIAL BURNERS, EXCESS OXYGEN
MIGHT BE PRESENT, LEADING TO INCREASED PRODUCTION OF WATER, BUT NOT PROPORTIONAL TO THE OXYGEN SUPPLIED.

3. STATE oF WATER: VAPOR OR LIQUID?

THE CALCULATION ASSUMES WATER REMAINS AS VAPOR (STEAM). (UNDER CERTAIN CONDITIONS, WATER MAY CONDENSE INTO
LIQUID, AFFECTING MEASUREMENT AND UTILIZATION.

4. ENVIRONMENTAL AND ENERGY CONSIDERATIONS

THE PRODUCTION OF WATER VAPOR DURING COMBUSTION IS A CRITICAL FACTOR IN ENVIRONMENTAL EMISSIONS. UNDERST ANDING
THE QUANTITIES INVOLVED AIDS IN DESIGNING CLEANER AND MORE EFFICIENT COMBUSTION SYSTEMS.

CoNCLUSION

THROUGH A DETAILED ANALYSIS ROOTED IN STOICHIOMETRY AND CHEMICAL PRINCIPLES, WE HAVE DETERMINED THAT BURNING
675 GRAMS OF OXYGEN WITH OCTANE PRODUCES APPROXIMATELY 273 GRAMS OF STEAM. THIS INSIGHT IS VALUABLE FOR
ENGINEERS, CHEMISTS, AND ENVIRONMENTAL SCIENTISTS SEEKING TO QUANTIFY WATER VAPOR EMISSIONS, OPTIMIZE COMBUSTION
PROCESSES, OR DEVELOP ENERGY-EFFICIENT SYSTEMS.

THE METHODOLOGY DEMONSTRATED HERE UNDERSCORES THE IMPORTANCE OF BALANCED CHEMICAL EQUATIONS, MOLAR
CONVERSIONS, AND REACTION RATIOS IN PRACTICAL CALCULATIONS INVOLVING REAL-WORLD CHEMICAL REACTIONS.
ACCURATELY PREDICTING THE AMOUNT OF STEAM GENERATED NOT ONLY AIDS IN PROCESS CONTROL BUT ALSO ENHANCES OUR
UNDERSTANDING OF COMBUSTION'S ENVIRONMENTAL IMPACT AND EFFICIENCY.
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