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1 Derived Quantity | - Units System of Dimensions
3 Units
| Volumetric flow | Cubic meters per hour (m*/h) ST [ . e
o rate Cubic centimeters per second (cm%/s) MKS Lig!
Volume Cubic meters (m°) ' SI 13
Litres (/) MKS 13
Density Kilograms per cubic meter (kg/m’) SI ML
o Grams per cubic centimeter (g/cm’) MKS ML
" Grams per millilitre (g/mJ) CGS oM
i Force | Newtons (N) SI - ML 62
— Dynes (Dyne) CGS - ML&?
Kilogram force (kgf) MKS : F
¥ /. Pressure Newtons per square meter (Pascals) [N/m?, (Pa)] SI ML 62
Kilograms force per square centimeter (kgf/cm?) MKS FL?
~—— | Work/Energy |Joules (J) SI ML?62
Meters kilogram force (m.kgf) MKS MF
i — Ergs (e1g) | | CGS ML?62
i Heat/ Enthalpy | Joules (7) "SI ML26
Haal e Kilocalories (keal) MKS | ML? 672
2 Calories (cal) , CGS ML2 62
Mass flow rate _| Kilograms per hour (kg/h) SI Mé!
[ Heat capacity | Joules per ilogram pe degree Kelvin [1/(kg-K)] I L26°T"
Kilocalories per kilogram per degree Celsius ' MKS L2 T
1. [keal/(kg:deg C)l —
4 Molar heat Joules per kﬂoglrz;; mile per degres ' SI o T
— i Kelvin [J/(kmo
! SR Kilocalories P€f kilogram mole per dcgl'ee Celsius MKS M[}e’zn" T
-  (keal/(kmol-deg L
I
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;o W 1.4 (matiacury T rae o )
Cu%o{sf:gnsll s _Units and Dimensioy
0 ]
To I
’I"En’gih—r— e
m »
‘ f’l? e - 067.84113 1
Lin . !
2 m 25.4 L
T AT 0.0254
g:n; m? | .
T V,d“mi’ 104 ;
' f m3 .«;
‘;ms m? 0-?205_3632
3 A
< —Velocity, /8 : = 10+ |
fi/s 1
B . - ﬁﬁ 0.3048 »
3 Volumetric flow rate, L3/0 8.467 x 10~ i
s m3/s L
h iy 7867x 10° |
in m¥/s 2 %107 fe
6 f”dsass,M : s 102 .
b g 0.4536 s
; kg 1000 [
3 |9
7 Deasity, MIL*: - 1 :
I/t kg/m? 16,019 L
glean’ ke/m’=g/l 1000 )
8. Mass flow rate, Mle - L
his kgfs 0.4536
- (%] kg/s 1.26 x 10+ »
. Force, F: -
Iof N 4.4438 *
N- 9.807
L g N 103 Y
10. Pressure, F/AL2 L
Mo N/m?=Pa 47:88
| std.atm N/m2= Pa 101325%10°
| std. atm kPa. 101.325 -
| inHg N/m?= Pa ;395‘15 &
| mH0 N/m2=Pa e
i dynem? N/m?=Pa 133 "
|  mmHg N/m?=Pa 1333 LA
; i torr N/m?= Pa 108 !
e N/m?=Pa 9808>< 10 __F
| kgf/em? N/m?=Pa i
: - I _ .
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i. Energy, work, heat, FL : l
cal N-m=] 4.187
Btu Nm=] 1055
keal N-m=] 4187
- erg Nm=] 107
_ kWj Nm=]J 3.6 X 106 |
!. Enthalpy, FL/M : . ]
- B/ (N.m)/kg = J/kg 2326
cal/g (N.m)/kg = J/kg 4187
. __kealkg (N.m)/kg = I/kg 4187
l. Molar enthalpy, FL/mole p
Btw/Ibmol (N.m)/mol = J/mol . 2326
¥ cal/mol (N.m)/mol = J/mol 4187
'Heat capacity, specific ‘
heat, FL/MT :
Btu/(/b - °F) N.m/(kg-K) = J/(kgK) 4187
..cal/(g - °C) N.m/(kg-K) = J/(kg-K) 4187
Iolar heat capacity, | '
FL/mole T : '
" Btw/(/bmol - °F) N.m/(kmol-K) = Jl(kmol K) 4187
— call(mol oC) N.m/(kmol-K) = J/(kmol-K) 4187
“3nergy flux, FL/L?0 : “ -
__ Bu/(f*- h) N.m/(m?- s) = W/m? 3.155
" cal/(cm?s) N.m/(m?- s) = W/m? 4,187 x 10
~ 2ower, FL/O ‘ o
- (ft-Ibf)/s (N.m)/s =" 1.356
r (N.m)/s = \_M.. 745:7
_ B - (Nm)fs = 02931
kcal/h (N. m)/s 1.163
“~+Viscosity, M/LO - | kg/(ms) = (N's)i? 0.10
P [poise = g/(cm.5 m.s §)/m -
i CP[pO A -. ) kg/(m. s) = (N §)/m? 0.001
:. = Pas
Ib/(ft.s) - kg/(m.s) 1.488
" While writing the umts of fundamental or denved quantmes, please remember the.
"ng ' o AL "v"«»‘-'..E:A 4 o “2?.."'.’
f”orrect IOkgfm i 'mcorrect 10kgfm R
.. two unit symbols should be separated by dot or space'

Correct : 10kg
" “orrect : 10 cm

“orrect : 10000 W/(m2.K)
- “orrect : 10 kW

mcorrect 10 kgs
incorrect : 10 cm.

. N0 plural forim of the unit symbol

. 00 penpd/full stop at the end of: the umt symbol

mcorrect 10000 W/m?-K

incorrect : 10k W'

, No space between the prefix symbol and the:un _'-V.Jﬂ',-::;"; tbol
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finit { Terms Involved : ‘ o e

m'l!:"fllg:l‘(:\z‘"‘\’ ¢ 1t Is the theory of the proportions in which chemical species combyg, ' :

o

with one another.

_ Stoichlometric Equation |
watement indicating relative moles of renc
For example, the stoichiometric equation

Co + 2H, = CHOH

asdicates that one molecule (mol or kmol) of € i
wdrogen to produce one molecule (mol or kmol) of methanol.

The stoichiometric equation of a Chﬂmlcﬂlfmacﬁrm I8 the
tants and products that take part in the reaction

E

'0) reacts with two molecules (mol or kaolj of

b sr——

It is the number that precede the formula of each

]
s e . G 4 o o— ]

. -Stoichiometric Coefficient :
component involved in a chemical reaction.

Thus, for example, in the above cited reaction, the stoichiometric coefﬁlcigm of CO ;] ¢
one, the stoichiometric coefficient of H, is two and that of methanol is one. The

stoichiometric requirements of components arc given as :
1 kmol CO = | kmol CH,;0OH

= 2 kmol H,

—Stoichiometric Ratio : It is the ratio of stoichiometric coefficients of two molecular {8
species/components in the balanced reaction equation.

e.g., stoichiometric ratio of Hyto CO is 2/1 =2,

-Stoichiometric Proportion : Two rcactants, A and B, are said to be present in the fy,
stoichiometric proportion if the ratio of moles of A present to the moles of B present is equal §

to the stoichiometric ratio obtained from the balanced reaction equation. i
Consider the following chemical reaction :
CO + 2H, -—— CH;0H

For the reactants in the above reaction to be present in the stoichiometric proportion. -
there must be 2 moles of H, for every mole of CO (so that Ny, Mo =2/1 =2) present in the | §
feed to any reactor. & 1

When the reactants are fed to a reactor in the stoichiometric proportion and the reaction §
goes to completion, all of the reactants are consumed. In case of the above cited reaction, for °
example, if 200 mol of H, and 100 mol of CO are initially present, the H, and CO would I
disappear at the same instant. It follows that if we start with 100,mol of CO and less than }
200 mol of H, (i.e., if H, is present in less than its stoichiometric proportion) H, disappears
before the CO,, on the other hand, if there are more than 200 mol of H, initially present the §
CO disappears first. '

Limiting Reactant / Component : [t is defined as the reactant that would disappear |
Jirst if a reaction goes to campletion. 1t is the one which decides the extent to which a +
reaction can proceed. The limiting reactant is always present in less than its stoichiometric |
proportion relative to the other reacting components, It is the reactant which is present in the B
smallest stoichiometric amount, i.e., the reactant which is not present in excess of that
required to combine with any of the other reactants.

It is the reactant which is present in such proportions that its consumption/disappearance .~

by the reaction will limit the extent to which the reaction can proceed (i.e., the extent of
reaction). T

'
i

} h,

| T IR——— -
e
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ot as determined by the desired reaction. The exce

1rei_“e‘me product stream though the reaction proceeds (o
in the

¢ the following reaction :
e |

nsid ,
Hy 15 0, —» CHO o
C, I

eoreticyy Uy
c'sta Componeny /
OMpletion,

- : Material Balances with Chemical H%?iéts ins

in industrial practice of producing ethylene oxide by oxidation of ethylene, Oxygenji;

. ¢ w0 the reactor is always in excess of that theoretically required. Thus, ethylene is the
fmning reactant and oxygen/air is the excess reactant,

Itis a reactant present in excess of the limiting reactant.

‘i}’hen_ all_ re_actants are present in the stoichiometric proportion, then none of the reactants
woived 18 limiting,

Forexample, N, + 3H, — 2 NH,

N: and H; are always fed to reactor in their stoichiometric proportion i.e. 1 mole N, to
wles H, so no reactant is limiting.

- Percent Excess : The excess reactant involved in the reaction is generally specified in
— of percent excess. It is the amount in excess of the stoichiometric (theoretical)
=guirement expressed as a percentage of the stoichiometric/theoretical requirement.

Consider the reaction:A+B — C
wherein B is the excess reactant. Then

molesof B molesof B ]
supplied  — theoretically
Percent or fed required
excess of B ] = moles of B x 100 - (4.1
theoretically -
L required _ -

Moles of B theoretically required are the moles of B that would correspond to -
- swichiometric proportion and are calculated based on limiting reactant charged.
b Equation (4.1) is also valid on weight basis. /

¥  The above equation can be rearranged to calculate the quantity of the excess reactant -
£ wmually supplied.

Stoichiometric
:ﬁﬁfffzd requirement or ( 1, Fexcess B) @2
su ylied theoretical 100 O
PP requirement of B

+ . The quantity of excess reactant must be found based on the quantity of limiting reactant -
g Fzd 1o the reactor,

Consider, for example, the reaction

1
SO, + 3 0, -—— S0,

and suppose that 100 mol SO,/h and 75 mol O,/h are fed to a reactor. SO, is clearly the -
Irmiting reactant, and to be in stoichiometric proportion, moles of O, would have to be -
. >0 mol/h. The percent excess of O, is therefore |

% excess O, = (755_050) x 100 = 50

- -\ =
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X/ ersion : The conversion I8 1.|Iw:.1ys‘I?uscdrlflm the limiting, reactant and it gives jde
.-(jqn he degrec of completion of a mm.,u'u'n. ‘.(" unreacted q'unmlucs.ul raw materind,
ing g the charged quantities with the help of conversion, This, in turn.

1 obtained knowin A e .
ily ob rding whether recycling is to be done or not for the process to he

;\, . :-A jomel

e

astty
§ . us idca rega

:omically feasible.
< ,Cénversion is the |
{ consider the chemical reaction !

A+B = C

miting reactant and B is the excess reactant. Then,
nal conversion of A is the ratio of the amount of A reagled to
§omount of A charged or fed to the reactor. The percentage conversion of A is the amount

| reacted expressed as a percentage of the amount of A charged or fed to the reactor.

e amount of A can be expressed on mole or weight basis. If amount of A is expressed

fraction of some key reactant that is converted into products,

§cAistheli
§ 7 conversion or fractio

i ICS then
_ N moles (or mass) of A reacted 100
% conversion of ‘A" = T51ec (or mass) of 'A' charged or fed

8 case of recycle operations, the term namely per pass conversion is commonly used.
nversion is defined as the quantity of limiting reactant reacted/consumed

fper pass co :
ssed as the percentage of the limiting Wéd.
100 mol of reactant A are fed and 75 of them react, the fractional conversion is 0.75
ercentage conversion is 75%) and the fraction unreacted is 0.25. If 50 mol of reactant A
$d and the percentage conversion is 80%, then (0.80) (50) = 40 mol of reactant A are
§d and (0.20) (50) = 10 mol of A remain unreacted.
fegree of completion of a reaction is expressed as the percentage of the limiting reactant
pied into the product. |
Id and Selectivity : In most of the chemical processes, though the objective is to
ea flesuqq ‘pro.ducf, the raw mgtenals may also undergo a series of parallel reactions
‘. Zﬁ“‘?ﬂs) r;sultmg into production of undesired materials which has reverse effect on
i &l?;‘i:;e"rea‘gg Pfogess. In such cases (in industrial practice), the steps are taken to
. lons by use of selective catalyst, addition of inhibitors in the feed, etc.

e terms yi 1vi - '
5 yield and selectivity are used in case of multiple reactions to give the

ftion regarding the degree t : )
| : 0 which the des; i ' the side
i (or reactions) involved, esired reaction predominates over

asider the reactions :

A+B - C
C+B - D
A - '
C-D ... (reactions in series)
A - C :
A ->D -+ (parallel reactions)
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Materi
erial Balancas with Chemical Re
each

cSil'.Cd _P"Od“a’ D is the undesired product and A i | jons
C'is given as - is the limiting reactant

vield of C = moles of A reacted to produce C
‘ moles of A totally reacted x 100 -

quantity of t:.he. l.imiting reactant reacted to produce it
ntity of the limiting reactant reacted totally (i.e. by all

desired product is the

«d as the percentage of the qua
duced to the moles of the

jons)-

iocrivity is the ratio of the moles of the desired product pro

ired product (by-product) produced. -

msider the parallcl reactions : _
D, where C 18 the desired p

>Cand A
ke, selectivity is given as |
) moles of C (desired Qroduct) formed |
lative tO D. = moles of D (undesired product) formed

‘Selectivity of Cre
unt of the limiting reactant reacted to the

lectivity is also defined as the ratio of the amo ) If vield is
¢ product to the amount of 1t reacted to produce the undesired product. If yI€t& = |

then the selectivitv is 1.

roduct and D is the undesired product, in
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