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-16*-0;'4?48”‘.4‘.-' Madteriq [ balances :
XX Bas c C'onCcF"s :

° Sﬂs-l-cm', anJ- ﬁf“n‘wg ‘Por{:t‘ou of tle process Ov‘ +he
whele Yecess as .SPcci‘ﬁJ bg_ +the &ﬂaingcr("jou! )
“ﬂ«b’einz_ the prablewn.

s How 4o selef 555“'&-4?. what informaetion is Prwiu el
What needs 4o be C«lculq-l-uﬂ ]

¢ Contral yolyrme of +ie 93_54*8--4 (C Ve il S;j,‘.-{'ﬁm bbunofafé
o‘CM'I-J bg_ a&.sl«ua Blamg

System : Whole process
SYystem : Keactor
% SYstem and Process Units ore 34:.\.'|e|r-:-1.e.af:J bag_ the -pc-llom'mr}-
Conser Vation pﬁna?Le -
In?wl' + Benevation — C’)ud-’?u’r NN Cons-amp-b’un = Accumulation
s EETNEEC . - O = | Cl (=] A
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Inpwl- : what Comes in Qcress +the Sﬂs-l-c.m bounohrz,_
Qerevation : what is Txoolch within e Systen Ipoum@ma.
Con_‘auvr?l-ion:wkd' 15 Consumedl within +he Systens ’oaum‘avﬂ,
Output : what emes out acress +he system bowndary <
Accumulation: Changes in 4 amount, Comtained in Hee sychenm,

u:-lvh 'Hrwe«
¥ Ttewms give pasitive Gubvibution 4o tle System : 11 U —~
¥ Teoms give negahive Covhibwhion o He systom: O, C

#  Accumulation Cenn gve Pasikd_e Or Me.a«-l—'.uc Coutvi bution 4o He
Syhean

—  (Seneral Conservation Principle ('.E +G-0-C= A) G be
qrﬂ’liJ on Mmass; mele Energy wementiam mo.-.g.JJ ?eo?\_e_..-.
setc .

HK¥ Some s;.m?\;ﬁ;c«hoa.s .

* 5“'340'3 Site prcess : process Vadables do NOT Chunge with
. time =B no acumalation: A=o
=2 for s‘\-cae'-} Stebe Processes , the Gonservation Primaige

becomes
1 =0 -‘rQ—C. =0

'3 Unyan Slate (-l:r4us;e.n+) Process @ Process Voarables C.\Mn-ac.
with fime 1 Ao

Ex: Slwtnf Operwtion ; Shutdown, external edfects on 1t gvotess,
-2-| e
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% Coubinuous Process : process which has Input ol output
IT+o oand 0 Fo

* . Batcly Process ¢ Process which has NoT npwt- and ovk put
I = O = o |

A Sembatch process : Process which has either lnpud or Output:
L= o |gnd (6) '-fo
o T#o ad O =o

EX-'—; protess Process —s
Sem: batch Serm batclh
- et J7 Proces s (
Co"l'l"imuon_s Batch

¥ Continuous Process Cam be srl-e.d’g shate  or Hns‘twfa_('*rans;e-&)
Process !

# Butch and Semibaich Piotesses are , by nabare; unsieady state
Processes
»% If no Chemical reactions wihin +He pocess: 5=C =o ond.:
Toa & [Ohdks = Ace |
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Ex: whet is the Conservation principle for ﬁaog‘shk Conbinucus

Process withouwt chem: c..l Yeachons |
L] | O Qr—oﬁe):)(‘ st s+,
T S

o Yins

3 L =l
oy~ Iln = ow{-J

*#¥% Consemvation Principle of mass :
It is alse Known aS : Hass balance (HB)
HMatedal balance
Comtinmuty equation

# Non -reactive HNass balance on « s‘ma\e. Un't process :
Gen. = Coms. = o
= In —out = Acc
Aﬂ:ln MB at tme £ :

_HEEE RN TS
o 4

(T

le
M-,,.\t -t w\,d_\

Apely MB ok hne £+ OL :

%%} | IR S S
4ot
W!.,!i:a-ai- - T TWFI'I:-\-A‘};
s = Ny @
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Subtract €. B houn eq. (@)
(M;n L:-i-d-l- - l*)— _(Mowl-_.l;._._,_.g*_“‘ Mﬁh*fl_{:.). :(ml"'*"l- ‘—M‘-l-)
‘.—Div;.atc. <. .l:og~ At . .

M."‘Li-l-t -'“i-\l't. L Mo.d-l(-.\.m}—"'é.d- lt | ks m \'"-' b — M\l‘
ar At st

Talke the Lwmit of bath sides <f €q. When At o

olm'm olhn..d. al'v\

Il

At | e At
¢ I8
"Min Mok

My s Toal inlet mass flos voke | K315, sl ls, . evc.
Mk Todad ouklet mass How rade s [s, Shag (s, - sehe.

_o-l._::‘l_— > Yode of C«kﬂ'ﬂaq of hnag s (MS QCO\MWNA) \.-:;\'\'b\'.n
1| | He Systenns Kq[s. shng (5 --- ede.

— Dilferankial form of MB @ vap - my = O
e P

d+ Clm-ol ;h'l'tawcl‘(.. +how One +me, £, ) 1o Cnolther) £



f(Mma%ag- A.\l. Aot ___:f %{\- _ﬂ% il

=N _AMM i AMO“A- = Awn
ta t2 +a :
Oor L/) M,'..,d'b "j h.’la-.f dEe = ‘J‘AM ‘In‘fﬂm} -ﬁom "
t

— wsunllg;

d;%'ﬁ‘d 'ﬁér'm s bLSe.o[ "Or- Courtinuon s Processes
In*tﬂru-l Fera | 1ls H.Seop Jor | batch [Semibatch Processes

#* HMateral balance Can refe~ o a balance on a System for

L Todall Mass | o | Tadal mags balance

Tl Moles __, Tokal wmole balance

Hass of Componerd s Component- mass balance
Moles of Component —a Com?omwl- wele balance .
Mole s of atom;c SpeCies ——a Atomic mole balance
Mass of atom;ic Species —a Atomic mass balance,

Volume, balance 5 Possible W tee nbnsi-l-.1_ of inlet
outlet and Within +he Syctem 1S the Same.

2.
3.
Y.
5.
6.
=

Thus T -r'o-rmsoﬁ- MR are passible




e
Ex TR o Gnendt s (A B, ) ave invalved in the Single unik

Process sShaon below. The Process is sk sh. Loithant Ay
Clu:m;,a.f reaction. Hou.) H\Ang_mjeP&aM MB E1|M"'.n'oa..£ Can

You wr.te ¢
2
-
Xis
L Xz
- i B X?| daaesl dracdid
XA
X34 m3
xCl mpendlly
Xhz kg Alkq
X33 IgBlkg
ey Ke kaj_
— c""’Pﬁl—mel' A HB
A C’ow_ B My
XByrpry, = Xp, a2 + XBs Wz  -..--- @
- C'or-v?om+ C MR
XC]VV:‘] = Xf.a_ h.'\':._. +¥c3\a;q3 —--.---®
"‘T°+“’l MR :
My = ma + ";\.3 Ll @

But we have 3 ‘mc_b?‘\'- Eqns - w‘fui?
Eq-1 + E1. 2+ Eq 3 = wy [Xh+ Xg,4Xc, )
= w\zExh fxsa.rXc-;.] s o "\:13[2(.&;-&- X3 + _)_(c._-;__J _

MW-P)QM Q,"\lf"‘ﬁy- 2 Yot +le ZN)(.'.'-'.'l.o =y |

=\

Mi =z 4wy the Same as B4, 4
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For a honneackive prfess : 3t of indept. MB that Cam
be Wetten = 3 of 'lncﬂ@?t CDw-f::/wvd'-f invo\vuo in The

- PYeLess .

For o reactve yrocess ! H oF in&?l-. HB Hns. et Can
be witten = H of indept. cdomic Species invelved in +he

Pvoless .

* Useful ﬂbmg_ of 5&«% State ?mcusgg(hcc- =u) n whach

Th-0owk+ Gon—Cons. = o 2
Sh.st. proess: Is = out
—rHPc °£‘ MB w'-l-knv\.:"dtm-.mns- with Chem. rins.

Total Mass Balance Yes Yes
Totel MHoles yes No
Com?one-vd' mass balance Yes No
Component masle balance Yes No
Mass of a-lom:?: SPecies balance Yyes Yes
Meles of afomic Specics balance Yes Yes |

Yes 1 G=C = =zro : No G:}:OJC#o




+2
X% SYSHERLLi Approach dor Salv:n&_ matecial balance poblems :

<P | Draw and Gompletely label +he flowchat.

Rale. a shream on the Howehnrt is Completely labeled wohen
You Can write an expression For +he Omount ov Flow
e of each species in dhe Shreaw n torms of Guantitics
and Variables wrtten on the Flowchat

Then a flewchadt is Comple-lelg_lnl:elej ¥ ev«l Streawa on
i+ is Completely labeled.

Ex: A Contuuous Stream of naburd gas Cowh'-h‘mj_ 35 Wit/
methane and +the balance ethane -

m ks
>
o-85 kg CHy [kg
o.ls %‘Qz Hel Kg_
This Stream is Cpm?lcl-dg_‘ labelag . Since We Can eXpress tle

mass How yede of ethane anedd mebhame in terms ok what
IS Weithew on the Shream -

W\cﬂq = 035 wA

WA = o\8 wm
 CaHe =




4
# R’kw@asmmi%&%g’?%am lﬂbcling_;

o You may label either o total Flow rate (or +otal GIMOHH+)

and Component mass or mole fractions or individual Component
Flow rates (ameunts) .
Ex: label a sheam of an aquesus solukiow of Nacl P |

kel i
" k;. L A L
Xy kg Nacl|kg M, [Kg-Nacl
X2 kg.lrc.llkj_ Iz Kﬂ_,k'c.\
2 Unknowng 2 unknewns

EX: Label a4 gas stveam Covbaining So, and air (24 wmell ©2
omal 39 welZ Nz ) Flows ok nde of 125 wel [$ -

125 wel [S

>
Y el S0z [ el

14 wal adr | wa
0:21 el 02 [wmel oy
034 wial Na|wwl a0
This| & Complekely tobelee!  Shvesm
‘;‘Soz = \7‘5-‘3-
now = (125D (1-) (e2)
e = (J2s) 1=y (o-34)




do
Er".fi’lfmﬁﬁ‘u‘ééil‘é’?agv“;«uu such as T) P, 9, S&, @,V of streams
o Either givem or rqu:r!j.; includle labels ot Lo Haeon &J
for wmass molawr quanditie s
_Ei*_tﬁ Chease basis of calaulodion . Ar lewst one.
Stream qwml-d«g (-Ha.; M—:) wmust be e O _‘:?ccfcp&e-!
beloare oy MB calewations are done. T§ Hee Proten
Statement oloes NoT ebo i, You Cheose a Convement
basis ( Flowrate of shomw, with Known Qow-gus-hoq).

step3 Do a alcyr_e of Preedown (DOF) Oralysis t
+or nen-reackve Precesses !
DO’F = H of wknown Variubles on tle Flow Q\MP"'
— # of mdept. wolechar specices
— H of oHer equations rel«{-iug'unkmns‘
for a Yeactive processes :

DofF = & af unknown vatabes ow He $laschat-
- M of ;-Jo?‘r. wele culo- Spedies
— A of otlar eqpabions T\'-H'wu} Wnitnowmn s
+ H of ndependok chemvcd reastions.

I+ DC)'F:Q = T+ i.soka—«.é_wjrao-l-c.&%c?ﬂ

1F DOF > © =P NMore unknowms  than ‘\Nlﬂ?“'- eqmns.
prob‘fm 'S wule-.s?cc‘.-(lsca! J S?cc'.fnj Sewe
uniknawns such thet DofF = o

T+ Dot '< o = Yve '\wduﬂ?‘\'- €qns. Tran UWnKnewon s
Problem s ovo-s?e_c'\hggl . Some Knewn
Quantities st be Unknowws Such k-
Dot =o
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Step 4 wrde +he iv\a‘z’?ehode-d— Squations

step S sdve for e r’ulu\ﬂuf( guantities aafo?’r Sowme
Solubon shrmtegy fo Simplidy metbed of sdution,

ke Imf'or-lﬂn'f‘ “Po'm‘l’ : SCa lir\,_ the -FIGNM.
IFf one Stream Llow rate or simounh I's Chdluﬂu! 5 oo NeT

resolve ?Ybb\ew\ -r’nhm ZEx© wlua‘- You Can 0‘0 I's 4o CqICu(.‘d‘Q.
scale faclor, SF :

S F| L] T alagintal brwinirak [oF (Sl | tedke. b Irha: [Shrand
The calalated amownt or How mde of He Streann
- __’;"Ju‘.uﬂ_
M clcdacked

i M esied = SF b teatacd

Bt oM Streanmn s amownt or “ou)ru"tﬂo nlse W\ be G\Mua%qj e
tley st be malbigly by SE.

o‘Some.Lime 5Cﬂ|‘m3~is uueo‘ 4o Sim?\;‘t‘é‘ Sa\wLNv\ of ?m\;\em..

How'd Some Khown qwlm"-n[a_ (s lef+ as unknown oand at
+He same Hae one unknown Vadable |'s givem a value ( betowes
l\’Wu) +o Keep Dok =c . Then and after solu; Probem
SF 1 used +o velurn the aﬂﬂim} value of that Quam trty which
was left as unitnown.
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Exampte A, -aarfff.(! mixbuce varlﬂam% US Wt/ benzene (B) omd
Talene (1) is! feo 4o a dishillatian Calummn O?em"n o &%c-mlg\
state. ’?rboum.e,{- Shreami s emerge from +he +°P Cn—J botomm of the
Colupn . The +op produeck Shveam Comting 45 Lt/ B and +he

‘?QHOM \'.wucll»\o\- Streap Covitaing R/ D'r' He benmene 'Fe‘ﬂ to tie
Colvwvm The Volumedric Plow Yate of +ie -Fcaﬂ Stream |5 2.ooc:l.:.__

and Hbe specitic. gravity of He feed mixbure is 0632,

Q) Determine He mass Llows e of +le ovea-l'rc-ea ?vco‘mc-l-
Streau and the mass Flows rke anel Compusihon oF Fhe botom
Product Stream -

Q‘-’) what | Is the volumedric -feeof Llow vute m ncgalu{ 4o P"’J‘ﬁce
zsoc% of thhe cuprhend ’?ma‘wc‘l-? il

SHep L Draws and Completely Label o Hlowchack .

Stremma 2
h’\z_ kﬂ-“’w
©-9s5 kg_jbl K-
TR RTI
St Sk,
5."\"-'-. 1 .
w, Ky [ ;" i
crus KgB kg | =0 PN
o-55 KQ.TI kﬁ—
2000 L[
SG =o-%F2 a
h-“‘n'; k;?blkr

h‘ﬂTa Ka-T | v




g3

Sﬂ'zﬁr'ﬂoranﬂﬁg 7%@9011; Streamn flow mte must be givew or @c&&uﬂ
belore omy N8 Galcladions. Them i+ WA\ b2 Chasen a5
bagis o Calanlchion

. Here e Gny. Siream has mass Llow yake o Chense i+ as
basic 7 s it pessiMe to spccidy owe ¢ ges we have
The Volumetwc Hlows vate of 4he Jeed Strean and its Se
>

m = S® =368 R
- o.gjz|lecsly | zecel
w3 \ he
= 1344 kg |hr
= The bazis ®1 Caltwlakiow wews 18 sr‘;c,c,'\r.tui ond i+ is
4 [l ot The deed shrea..

| w3

loco L

Step 2 DoF qutds:.s
This 1's ven- reactive PRcess =

DoF = # of unknawms on He Slowchat - & of indeph-
Companeds — | of otler equs.

# of Unknowns = 3 N Mo ) Mas \;"Ts

# eof 'lna(;?l-. _Com?ghe»-l-_s -~ 2 : Benzene | Toluene

H of otler Guaton = 111 ¢ The Troblem Shatermmt- rsedd
gives US information +o Praduce anctler €, :

MB:;. Lo (0-03) (0"4'5 * h:"l)
so DOF = 3—-2-] = o QQ“PQ.S'\O’FH
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__5’\"""4"'5 Wetke the equations @ Wass balance o ond
other equukions in the order fhat it is easior +o Sclve

oher o4, Wigy = (0.02) (ous) ()
= (o-o8) (o) (380) — 2.0 B \:

Bonzene MB (o-qs)(h;n) = h'r\5}+ ©-9% Wz
((3.\-\5)(\1"‘\‘-[) = 2.8 & 2:95 w3

:r_o\uene, Mg ) (9-5'5)(\4\\) = (G-OS)W\z 52 V:"‘Ts,
(c-58) (WF4u) =(o-o8) (%) ¥y

= h'n_ra_._, q21.2 9. Tlhv
Now>  Calbdate HHee !‘b\m«e} Auantibies o  Pavd (a)

= 6€2.2 + q21.2

= A3y 9 [he
Cﬂhﬁﬁ*’lu“ ol e boaw Shveana -
Xgp - ™Me3 A ELen dENEANHNSY kg ®lkq
""I"'l;ﬁ-\r;\.r} Q84

Xp = 1-Xg = |- 0028 = 04382 KT Ik




%5

(bsr Mohca:n‘rrad iI-S:annag'sC*le e o, SF

oz 2ot |18 iy
d‘g. , 2-20462 |bm l 24 he hr
"’;'z,ojaf = "";':.; Cq'a.ldtj in P“"' @) — Fso kp-“w-
SF: -—-h-:.‘j“_”:' .ﬂ_ = oc.aof22
l‘;“ve]ef ?'60

== Mbm = SF "‘;"l,.{af :(o-c:GZZJ(‘?-‘-lH)
= log-43 Ioy [l

@1;”“\) = MI'HN — MI;M.}_)_ s lb'b-l{g
il SESu  (loes)(o-832)
= o-laqg '™M33 | | lagaay L |
- e

omd Fhe bolhom Straun mass Plow vate Wil be. (5F)(984)

= (o-e622)(24) = €12 K [hr.
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B sl A shreaied Canh.'m'.-?_ 30 W7, e.-lﬁm;i ol _Wodker 15! Blesded
w4 shrearn Cbn-"q;ning_\eb Wi 7 edhamel tind wher. The
product Gomtaing 35 Wi/ Chhanol . what 1s +the hass ratio
of Shream 1 4o Shreanw, 2 7

Etharol : E  water: W

Shepl. . ;)[ Nixer s >
©-3 K:Elk,_ ©.35 kj_Elkz_
i °:65 k) kg
il o6k E “(1-'
- ‘IKj_wl kﬁ_

Shep 2@ Basis of Calculakion +he amoundsed all civeanas
are net givenm andd e s o g Dndov ek 0m Lt
Calewlate ot least owe of Hlenn o be the basis
Thus we will OssSwwe basis: loo hq_o-’!- Shreasa |

:g.LM, = loo kq : B.as-'s—J

Sep3 1 Dok omaliys; <
Ol = 2 -2 | Flel ek «aaahen.:ﬂ

}

3 E
Az W
SHeP 445 . Ethanol MB : (0:3)(lo0) +(0€6) M2 =035 m3

Total MB | ¢ loo+ mz = M3

Solve 4o oblain: M, = 2o Kﬂ.) mz = 2o

oo the hio: M1 _ oo _ &
e 2.0
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Ex: A~ (s bu'ablecp -Ehraujh Q leum of lo'tfu:al hexane at
a vate of o100 kel /min - The gas Stream that s leau;.'g_
+he drim Covtains lo mal 7 hexane Vapor- . Air lmmj_ e
' Comsicleced as insaluble. in llqu{ro! Kevanie . [ find Hie Hme
rqmrwf +o Vapon =< lo w3 of !:quLJ hexane -

l =
_._.._I : H_ — i

O'I ﬁa.' C‘“\“lkml

TS T 0 Koel G Lo |

A

W
?f,l:id,"‘“ne £ =7 4o Vaporize lom3

el k"{a’"l".mJ s [v i ot hexane .

Since car 1S insSsluble i hexane = The prcess 1S

s-}e—-.aaj Sl-‘\’l'c -té*" aly xm'w- — 0‘&« o OtCCum\A.{'m“

of an mscle ble Sy stens

Bk o Hexame e Pracess \s Semibadch :
'EM-=-~:: O“Qﬁ:c: e rin = G=C=0o

=é = Qhﬂ-hcx = kC.c.M

Eﬁ?‘_ Basis . o:l Knwl aw

A A
Sﬁ?.- A DOF umlb,s,;s:
& ot lvnknewas =t (2! 12l W,
:ﬂ G‘r‘ ne em. = - 4 - Gl;v-, chqne

'_DQF-.—_Z-'Z. =o ok u{-kcn-e?ns.::o
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51"’? 445

Air molor balance © 04 =(04) N =3 1 = o-l1l Kinel [min

Hexane melar balance : T— out = Acc
a Ll & o‘hm
hex ,out ak

6— (:1)(o-111) = oln
+

; ad 1o
f—a,ﬁ“lal:{' '::fdh
g

-l:..-.o

af -0 Vi = lo m3

£ =z kg Vp = 0 m?3 = ng =o

M) =[SV 396 SN

from Fble B i e ar??e-o‘;x of Yo text\ak,

SG““ = 0.659

S = (‘3-6‘54)le0)(10) = 6590 kg,lmxaue_
ond W = _SHo Ig |1 Kt hex = 364s Kl hex
\ g6-2 kg_h;,x
D ~colll(tp-¢) = npg_n = o-3Feus
= tp = A€ .45 = 614 win

o-olll




=
kT ISOMRRERNIA bhat : H of MB emations = H of indept. wolecdar
specics invalved in the Process

# When neleculw Species anc net 1&?;:1&:»:{'-?

Rule : l'r" f-"_'ﬂ"ﬂ melely o SpecCies Ore in Ehe Sanme wmiic
E&'ﬂry_—m}-r:.. in the Yrocess ans the ratio 15 inr.'.n-—?nrq-

ded in the Plowchat labeling , £hese dujo Specres
are NoT independect.

Ex:
(@) 00 mal CHy | 5 Rl @ b
@ ]":‘1 - ﬂ'l'r!"' blﬂ-ﬁﬁlﬁd-

-

2l el O | mal =X wel a/r| e |

. i | o
0-F9 ol |l { g2t fuand Cia il punl i

H of unkmewns = 3
= | o Mdé‘fn'.' Rins. = © >
M of ;ndc.?mda-c‘l' vnele Culen- Species = D (C—“q ey 1”1)

No. nwlg the rule - in ghreams @ and (D ©n and
N, have +tle Sawme ratio

%ﬂ--v‘l .,1: I"“".I-l'-:’l Oa - C"L‘ ""'\l e o-21
wal Ny -3 na ©--F9
Stream 2 ¢ hal Oz - (“'1’)('—"'!)(‘;‘1) - | DEZA

mal N (o-3#4) (1-%X¢) (o) o -y
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IBli Monrﬁ. ad Al-agannais 'l‘p ‘éﬂu W f;%'t .

Cir wele balance : ss2t h, = {I-Yl)(};ﬂz}(h——*ﬂ

ny = (1-x,) nz

/()-;Hj’.a. :-.(l-x,)(ﬁ,_)(’g,.ﬁ‘j -
" :(I—II)(I':'L)

The Ews 2qhs e vlewtical -
= N, ond Oa oOwe et independ ot

Nz mele balance .

=% of-.'mﬂe_?h 01'5-15. = N ot ;le?"‘- Speces

= 2 : CHy and N.or O
o Dol = 32| = 4

We  eedd irere . -fcn.— e ?m'\:ir.u o be _snl.ue;ﬂ.
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* X S-\‘:oich.'omeér} and redctive Snsl-cm balances :

* Erl-oiddlome.-kra : ?fo?or‘(:ion_s wm which Chemical species Combine
in a Chemical reackion ag fe?resenkaﬁ.b-z_a

. ba‘qnccal fcac.-kiov\ eslqd‘l'iuuq

* <ShoiChiometric equation . shatement of Hwe relative vumbe, of
moleCules o mole s of Yeactawts el ?moluc#s (sl net was )
ot WA;C\?QA-Q W the veackiow.

# Steichiometric Coelficients ;| numbers ?rv.cr_ufin} each Species n
the bﬂlqv\cepﬂ Yeackow el‘uq-l»‘non .

These Coeflicients Jdefine Conversiow daclors from weles of
one S?cc‘.es Cpmsumeoe oy ‘rhu"»weej n The veaclion to weles
of Onet-he o~ Species ansumeoﬂ Or -(:orw\eae !

Keierk : alwcuzs check tle veaction e $o tus. | Snalancasl.

The regqchon . is vt b«lq-\(‘y’. Balance ‘|+:
Nz + 2H, —a =2 NH3

<o\ Chiowmedr € Cnt.-g-‘-«i Ciemts gwe the -Dol\m'.ma_ CawvVer-Sian ‘E\C:lﬁr_s'.

|l wol N, c.v\smei : 2 wel NH3 gl'..v-n’guﬂ g

P LML
3 wael \'\; Cbh&u“pl ER Y. Can)w\.ql

"E‘)'r 'ms\-m'{' ;'c' EO \rvol l S O“' NH3 e ?deV\CJJ‘%’L\&V\ '{'.'J'\-C. ‘M\Nr
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. ) 92
‘F[csm rate 0'(' Nz Co‘n,su\no_po -

= 50 wel NH3 formad 1 we\ N2 CauSu--rJ — 2T wal

*® 2.\-o\ th ' -

4]
( N
[ CowSu-uot

3 Lin 14-:-6;_%1 EXCess reactants:

A IE deed Yeactants ore in ShoiChiometvic Poporkion
= all reactants Wi\l vinm out ab fle Sawe time -

Ex: Not BMa o 2NH~=

oy EC‘!. CHor

Y

Fowal N [s
240 wel W, |5

what iF He feed Yeactants are et 1 Stoichionedv
%?orf\"’mm 7.
Rere, Limiting reackant is defined.
A Lim;-l-ing_ruclm-l- (LR') * Yeactank Hak vums ouk firgh.
How Yo '\A&n‘lt"tq;ka\tkae. LR ’2
3L (= ) ( hx
("'at feed 2 "y

(30 S mesknis i

) =D reackadk X {5 NGT LR
5'\"\0‘:11%(;
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Ex:

Go wel Na| S

120 wal el S

I}—“b‘-rminc_ the ‘im.‘-‘-‘-v\g'rc-ﬂcw (L-’?\?

Ny L €o oot L , (V\NZ e LA
hul &J lzo hH& 5\5' 3

(

V\Na) > Vlu:_) B Mo s el LR
" /feed T Tggch | | and H, s e LR

93

A Excess reactadts : all other veackants but \%m;*\-'.v\?om.

Tn +he Previous exqw?\g N. s excess veaclanst.

& MheariBal ( Sheichiometic ) Yequiremet of an excess reactant’n

How wuch wauld be r ¢410\:w"f_¢1 +o veack C.om\:khbl.m'&h ‘e

LR whew bhe reachion goes +o Coy.uflg'x'ion :

+)eer.

Tn +be PrevN\ous e,(a../fh:. tie -\-I-lenfc\-icJ welar floo vate o'lc- N,

s Ho wel
s

* frackional excess ;| Fys, ; = _Meed, — Mhieny

h-l-l-wj N

Th $le pPrevicus e&hw‘v\c—; e -Fnc-l-ﬁa..nl excess of N, is:

Go - Ho
.FXSJ"L': __f)____ti_-= 0'5

Ho
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. 4
# Percent excess of reactant ; ZXs; = ., % loo

. LEAARARE

This . (an be alsa r&arﬂwxﬂ(_op +o hawe :

N el ';'-I-L.,.., .[H‘ £ Xs U

/.l XS, = Nheed,i - "."l:'kann\' % loo (

# Remork : thesibical, excess and limiting quamkities depend only on
He ‘F'G'-Gg welar Omount s %J the Steic ‘omedic reactiouw m.g‘ ot
ov what thqll$hwens inside the reacier,

¥ Fractional Conversion oF a rcad-an-l-‘:-F; :

L_FL. = veacted msles of reackawt ¢ o T | i g
-r:d molc.s b-F TCAC-I'A-'\“‘ N V".M, v

]

I-F Yeachon E‘PE—S s Cphﬁ?\c\'iou $$LR 1o

Ex: If you feed log of N2 gas and lo }OL Ha gas in & reaclor
+o ’?mcfwce ‘NHz where he veaction goes to Obm?\&'\evr_
(@) what is the Vot Fing_YieaCAand: (L K) ?
(B) what 15 hie excess Yeaghawh 2
) Eined the Revtenh €xXcess ot -e,xc.us yeagtawt & e
reachaon Yqoes do Cm,..?\e-\-;an.

(&> W\&A‘ '\S- '\‘\n-c_ WA K A V\v\w'bwb"l: grams Q‘F NH_‘_I, Fhat Can
e ?rbolssu_ao :
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| q
@) Lk=? x

Convert mass gquantities to o Keactor >
welar guantittes log Ha m Nis
| log-n,
jaghe [ Abrine] o gmel H2 Not3bla —s 2 NH;
it i 0 Balanced . o
Jogua | 1 mellNa 0. 353 qualNa
2890,

(V‘Ht - 3 J (2_‘.‘.‘_"_) = S = 4.
s fedabch, "“Ni /g o33%

(h“‘). >(““") = M2 s NeT h\m'\'{"uhl
e/ feed e laien o N, s LR

(B) M. s i excess

(C) (V\Hz) = ©-35% wol N2 \3 el We =11 wel Hz_
iis | | wesl N2
Xs z/ = MNfeed Hy — ihow, He ¥|oo
W
M’HL
Sl *x\loo = 354
9
) A oaStrwel Mz | 2 wel Wy _ L gp ) Sl
l \ weal N,
ouwk, N = VAR el N \1-% N\i‘} = 12.-\49 % NH}
t | weal N

S ?mJ.w:-_J wheu i goes t= Cmvéc\—to“
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Ex: Tv the ?mulm& ﬂx«-ﬂéc %??Q;g Fhak Yo e ﬁ\oﬂ Hhat-
Mz is fed o/ excess (iushend of quaskivy of loq).
'anﬂ nunbe” ot qrams 4 He \n The &'—eop

/X &]
"SERFYA SRR oZ73ET " 0]

leo

- HEI“"_"'_-_\ = \-\( “'“‘6):.- .36 gmal He2

lac

=

H
e V0 Qe ol 2% o 3mn g b e e Deadl

M\*..A-J

1‘P '\"Lc. (eaction D-L ?Yeu'\ows e)(awfkg o!oes. Nal~ ﬂa +o
Cov-/\:\e-\—iom, 15 T Passible Yo Lnd e o maant- o NH;
?v\Dc‘“Qﬁo under He came watormedeony

I¥ nin dees wot go tu Cowghdsan =D Yhe oukler Srea
Wil hage produch ( NH3) and LR (N,) and excess veaclad
Ur\t) '

N Reactor >
S wel Ha n, weol NHz3
©-35F wal N, Nz wel e

w3 \rwnl N-z_

Tk locks LKe we Shadd bhase:
Dok = 3-3 -0 =6
Buk Yhe aghmal DoF =| ( You have reackon opd i
Case ot C.Lc'wt&q.l reackions DOF wwmst be Y'Eclc.e\wenﬂ)o No wadder

how hovd tgou-i-na_; You Cam net Dind Wy, V\-a.,a-al W3 wnless You qet were
ndarmakion,




Dr. Mohammad Al-Shannag

X% Balances on reactive Processes .

CnmPnM male bulances! chn be! welicn | anel selvecd lin
thege methods :

@ Molecular Species Lalan ces

® Atowmic SpcciesS balances
© Bdent of reaction metinod

@ Hof_eculaf— s.pg_c;e..S' bqlan ces -

Uusing Ehs mebied e dlegree of ‘Pree.o(om(ﬁor) Can
be defined us follows -

DOOF = H of unknowns — H of in/e?tna&w‘- welewlo—
balances — cther eqns- + H o inxe,?g.\ah.d- hs

H o independot woleculo balances = H# ot 5*\43?-“4[3“:‘-

Species
Ex : Sl-c:uLg slake Process
Reactor
loo mel 50, & 250, +Q‘—’ZSOJ ¥

N, mel Sols
900 wel 02 [ 5 Na mel S0, s

N3 wm| Oa /s
H of unknowns = 3 1;‘|, Na, ¥z
Hof inclept. walecdi- Recics = 3

H of inclpt. rxus = 1

.-Ho-l:ha\--e-,au = 0O

one. reactiauv
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DoF = 3—-3 -0 +1 =1 (unokra\‘acc‘.f-iu! ?pblm)
we heeel one inforimation mere Ho solve tle problema
(4o have DOF =o) :
Let us say bk we +old Hat the Guversion of
S0 118 |18a 7 |,

Now wWe haje owne oiter . Conversion eq. -

'Fs — MMC{““;;QZ - IOD - l';":‘
Hpeu(.) SO= loo

Nojs DOE = 13Lmwlll-tl=lo || (akl)

O~

Let us stant soluinaj_ Peblea

Conversion €q- : ‘FSO:. = 6.Q = loo— ne
loo
=]  hl.l =20 mel SOL|S

= =6
Si-us,.é_
SD:_ ele balance . T 04 0 =

C=T-0 = loo~20 = 80 mel Soz Consumed
S

Q

S0z maele balance {.0-\-6-5;%%

-+ G =e
G — 80 wele Sou Cm..Su—eJ_ l 2 walSO3 ﬁ"‘"""ﬁl
S IZW‘ 501_ CoV\Suh-Q./

= 8o wmal S64
s
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h|:

G, - 30 h‘\n\ S°3
s

Oi hele [ylance I-o+¢¢jC=KQ

qo_l&3_c o
l;]; == QO—C

B0 wa| S G_.._\sq.v.._! l 1 wme| 062 Cousldh.“(
S

l 2 hwe| So3

go mel SO C‘Ausu.u‘-,
2 S

i

€¢ M3 5 90 -9 | =48 4o = |So Wl Oz

—

=2 s

#* When Chemianl reactions are NoT 'wlr.?o-Jh&{' '?

IE we Gom N6T Get~ one Chemicnd reackion €4. 1n Yermas
ef others.

Bx

owe Ehe #-um:-\} three reackions independact? wk-a?.

Al 2% ()
Bl lE )
Al L 2C (3)

No +)\-¢1 ove. Not Sivce He reachsnm eq. (3) Carn

e labdarndd bg M’a'.'m} eq.(1) +o  the eq.12) w\{-\?\'\eﬂ

by 2 |

20 —e 2

-—A-\-}/’B’-—.;{G +2QC =p A— 2< which
Is reackion €4. (3)
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The He = oF ndependedk Chemvanl veactions = 2 (yp-l- 3-)

* When nelecunlar Species pne het inde?mofuc‘{*?

Rule: if two weletular Species are in the Sane h{}o
evorg_—whn:. m the Precess and the ratio 15 'InCo-_-?oh—

ted in tie Llowchat labe.l.'vj_, tlhese two Species
are NoT independect.

Ex i
@loomlCHqu Rals ®nl
3 B Q'LIS" Flena= X, wel CHy | wo)
©+21 el O3 | imal =Xi wel air| we|
0 mal Mo [ mal { 6-2) wal O mal i
o-Fq wel No | mel dyr

H of unknwowns = 3
4 of indept. rxns = o |
q:l 6‘£ ihde?ﬂndh'{' ‘M-ll(..fb\,l% S’?Q_C.if.) .'T.-' 3 (cuq 102. JN-'_)

No. q??lj the rule - 1h Shreams @ anel @ Or omd
No. have tle Same ratio

Stream 1 mol O - | o2l My — o-2|
el N, 034 na ©r3q
Stream, 2 hal| Oz = (°'2’)(|‘xl)(‘:"‘-) NI T A

el 8| (R U (he) | 4H




lol
Dracpbrga-simneds 1 You wele :

Ca wele b‘\lﬂﬂ(c_ ! ot 1;\1 — (l -Y|)(V.12)(b-—2'i')

vz (I-x) az

Na ol balance s (oY =(-x)(h2 ) (544)
’:'l = (l-xl)(’; a-)
The kEws eqns e \A&vd.-\aJ .
= N, owd OCo ore net inde pendnt—

== O-F-fntﬁe?'\‘. ens. = H ot indept. speces |
= (2] |3 [CHy | and | Ny o O
ga Dok = B2 | = |
we. veed more . o e PrBeu o be salved.




lox

DFMW?’E‘.A"QP@@'.u balances :
atomic Species are neither 3::»;.7.40{ Mo Consumedd -

G=C =eo
.E(Ce?":;on : nuclear reactions £rat wo glo NoT Gnsider here..

Delention of DofF :

DO'F = # of Unkhewns — H O'F anCPmM' atorn, ¢

atymic balances - 4 of okhe egns.
:ﬂ.‘ 6‘£ 'lfldt‘P‘l‘- cd:am:c. bq)qncg; = =H- O'ﬂ 'lhde?‘*‘. Q“’OM;C

Species
250, +02—» 2S04
Ex : | Reaclor I
loo me| 50, /s 10;.3:-.&-'3 N, melsos|s
90 wel 05 .5 M2 mel Sou [ 5
":'3 mel 02 /s

+# of nknowns = 3
H# o atemic balances
H of other €ns. = | (Cow»—smw eﬂl)

DOF = 3-12~| = & /(Go akcqj)

il
N
AN
v
|
0
S—

Conversion €. . ~Fs°: s Minssea = Vouk, 502

h;“‘JS“

o' = leo — N2 L3 l;‘lz =26 wel SO2

loo <




o3
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S glomic ha‘q-nce: T = 10

loo wel Soz L1 wel| & ,;‘l hlSOsl‘l‘N-l‘;

S e
,‘lmlsbz. s l‘lhmlSo_;
20 wel Soz.,, 1 [whall &
& I‘l el So 3
= ﬁ' = loo—-—2c = %0 wel So3
g
y'\l - | S val € 032

S

O dlowmic bﬁlance; X =26

loomL_SQ'z’z”“lb ,‘_qomlOZ‘z—"“‘lo -
S 1 hal S0 S

|neolo

8o mal Sog,,'bmlo 24 wISO'zl 2wl

$ [ [ ]1vdlSa, S |1 el S0z

a wel 2 | 2 malo

- I .
11%027_00 ? 180 = 240 +4o + 2 hy

s
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@ Exdevt ef- reackiown hq.e-l-kocp:

T +his '-wc:Hwoe +e ﬂl.ean:.e_ ot -ﬁua&m Dok is defive
as meoleculos Svecies baances lmc:’rkba(

Reaclor
- Y ah+bB_scC +dD o
hi“)ﬁ nM,A
y.'in) C v.“"’.-lc

. W
h;nJD m+'p

Let the unknow Mot meles of Species A Gb"-"umej
= 4 é é’ pronounced kzi

Then moles B Cans.ume,j: \Q\é b | A Gonsulded [Buel Blcaumel
\KM‘AMU\&J
= bé
m‘C}Cﬂﬂ-ﬂuqu::__qé{b__- =qé
S
ole ‘Dac.wwkj: qé{d - Jd £
a

g-’ 15 Glled tle exjent of reaction - Tt must be e S
Lorall Species und i+ must be positive.
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IF thee GQre more than one inofc?g.-.cluv{' chc.-fu'uu\;
each ina[e?enafe-a‘— rxv must have é .

Now let usg wrde Lhe molecylar species balances usi

tie debined extedt of reaction (£ )for stearly Sinte
Process |

_é ele bﬁlanc, . I~C>+G-C ___-XQ S—L—S-f-

Hi’\;A _HM)A +O"""'4§ =°:ﬁH'4)A'= hl.n,‘_q.é
|

B wele balance. T-o0+G-C =A

hin!ﬁ iz ho-l-;'b te= bg ==
'$ V.'BM)B"-'-

. g
e

bé‘

__C_ e le bqumce._ T |0 +G_c =A

5 . -
M.I-!JC *V‘M)C +Cé = O

. = b C

__D wele balance 3 I-0 +&-C| = A

":'i-uD"“owL,D-ﬁ-ﬂ‘ é -0 =©

:b VHM)D = V"‘"\,O * Olg




Dr. Mohammad Al-Shannag

oG
X Some remarlss

b 2 -For- anj Sandk reac4ion : Z Ny Z Sl -l-é-z)

=1 iz
[ | _ _l =1,2,--- N
Where ‘ .15 ‘l"\.'k-l‘ 'r°f“ S-?C:L’.Q-S inva\vuo M 'H-c.. ?m(.e.is

ond N is fie telad nudver of all SpeGes,

Pl IS the Shoichiometric Coefficient of Speties 1.3
musk be Ve Jar ’?YbA_M-C‘("S aJ —ve. Jor reaclta~tS .

X% One extfeat Qf- rsa.c_-h_ou 11\4«7‘-'ﬂl-1 st be L Hen -[’cv- ey
ihafe.?e_nole-d' welecuwla- Species 1w ‘e Process. Ta Goneml !

vl b [ -
out,, = M'\v\,; T \)‘ é Oy HF{ A = V':m’““‘“ "\'Pl g
- '
Gontinnons Protecs ‘Bwl-cla Proces.s

* Evarg_ inaﬂcpc..wl»c‘ vyeactiowm has 1ts é

% Ext4enAt o reactiow Mc"l-\-.a( Jov sﬂ.f-km_‘ OJZ.M-H-‘;?\G. veqctions !

Mg b 2 P..
°"‘"’l')t == h“ . 'U

—
-

L index -po.— _sincc;c_:
J 1 index Jor dopt reackom
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Ex :
_2-501 +0—s 2503

RC‘LC.‘LQV >
loo wel s, [ N, mel Sz [s
qomﬁlO}_f‘; .F: a.8 i":'z “_.l SO‘ l_;
So, .

DoF=3-3-l+Il =0

Conversion €1 ;. o.g = leo-hz o M, = 2o wel S°2/
loo S

Now wrile +he ¢x4¢n+ @ rewction ejwrlimﬂs:

D03 . n, = o-t—(?-)g = Zé

Soz - ﬁz:[oo_'zé = => é = 18020 _ 4o ml

2 S

702 ¢ 3= 90-()(£€) = 90 - Ho = So_melon
s

owd N, = Zé = (2))\(4e) = B wal Se3
S
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Xk hnH-ip‘c. chemiaal reactions

103

EXRW-Flc : ?rbolu.c-k‘om of Ei'l'b}senc Trodess
_rarge+ reactian : ,
Cz He =™ Cz Hy + Wz E’I‘Lglene. (C-zl-iq) 15 the C;-c.s"(eﬂ '?ranC} .

s;cf.e reaction

Cabe + o —> 2CHy  : Mebhane (CUY) s wadeswed by praduct
ornethe~ side feaction :

CaHy +Co e —> C3We +CHy Popylene (Ce.\-\s) s also wdesal

bg—-?ﬂb&%'\- :

L B e &-g_?mJ-«cl- Is +he result ot a Cowpe.l-inj_s‘.cﬁe
Feackions +hat result v aless o} dhe undesived Produck-.

i Sometime s bJ_Frmfuc-l-_s Carn be Se.\(ﬁ, b.n:l— adr othe.- +lme,_g
+L«3_ome. warthless ond Pass;bl}l'uMowc omol have +o be
isfa_scoo (add anestio- Cast).

% Tor w\h?\c. reactioms Processes, other f-‘Mn‘H‘Lit}' evce. defined:

A {jicldpj Y = (“"“'l‘“ of desired ‘?rocluu;-\-)

Max . passile Qm\es of desived pduct Hhat would be wk,p
e | ‘QWM ? bced -I'F' +hrere are ne side reackions avJ +\e '\"Vﬂd" Yiwn
Qoes to Mg“cv\s

I Sclec.hu'.irui 5 Sas -.__m\c.s of desired ovoduct A
woles of wnde Smeﬁq ‘?\'ul\\(."(" %)
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x 1IF 51:\«0 ond Se.\cc.-l-;uihé e h-“s\n 2 we have SMC.CtSs‘:M\\j_
Su\??res.SJ J"LC \AV\GI-C-SV'CJ

Side veackiows.

Ex:

Py —- RC&C‘I‘OF -

loo mel A 2@ el A

RS Sl 2o wel B

20 wel C

Ho we\ D

E+A — 28 +C \2e wal E

B D B | Deind Product

D+ undesiced praduct-
(@) Fnd He \Qlekoo of B,V
©) Fad te Selectviby Sgp

[6{) The Liuﬂ-in&s’ﬂ!‘«:\r‘!u&- s A

haxivmn Dessive B ?red\-\cv_.e = I¥ o side Yeactions
ondd 'hw%d- Yeacton Qoes

ta M&iw

= Max Pess;be B ?‘N‘A‘“J — loo wel A l 2 wel ® '?Ncl“‘tnp

I \ wol A cons...wuﬂ

= 200 wol B "Q\mo‘uﬂe,bq
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e

Rewurk : a Process engineer might take two ditferent approaches o
this reaction Sysdtem:

s Maximize jiclo( ¢ et vmosk B You Can even AE O means

Producing were D.

— Maximize Se.le.d-'\u"\-g * Hold down ?fu&%-\-ion ol D evem it
W means pvaducing \ess B
T otler Wods, gj‘sdcﬂ Comzsqo-\n:l.s +o At A des.(on '-?wclu.e.\-
wWhle So\e.e-\-lu'.'\«-é (LWes’eoml\»‘BB-f.. C\m\iké( "\M(d«j) ot desived w‘«c\.

Ex: "The 'k\\cn'mé\-\-wc Veachons +ake f?b\.cc, v A Continuens
Jehno'm%enq-‘don Yonclse ot S\'&ﬁo«} Sede .
CoMe —= Cz Wy v,

Cone +Ma —= 2ClHy

The Seed Contains 25 wel 7. ethame (Cz Hc) awsd Hee balance
et s (I) . The ﬁr.c-tcaml ConvervSion c:--[- ethane 15 o:Be) Q-J

e Biatlitnal 'jitlcﬂ of e&hn\me(Cqu) Is 0-4Fl. QGlawlade

+he wolor Oou\:.us:-hou of He ?WJ*«C" gas ond Hee Sele.d-;u;ﬁ
i e—\—\-ﬁlene de wethanme ?voc&mz-\-iau.

085 meolCuc|wal W3 welCaly |5
oS el T | el '
«Fc“ — o.Bal V_‘.s el Mall ¢
q " %A Ny wel Cly s
—l
Caly ™ g

\;"5 wel Tls
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Basis of Calcdations 1 1 = 6o wel Seod
s

DOF = & of Unknowns -~ A of thcP\-- weleCular Species — Sther s,
M o4 ‘\M!c?L NS -

=515 +l2 2| o |7 T G| be bdued.
L. Conversion 63 CHg
yield of Couy

_E+k-\.ne_ Cbmw{;;an eﬂ -F - Hi“leH‘ "V-\ou.ﬁ'; Cz\‘t‘
Cali¢

V:‘iwozl-\c
o.50) — (o65)Cse) _yay

(o-¢5) (leo)

2 | V= hz.4 el CaMe
S

i EH‘lHIEnnc ‘d;el(j a. Y = wo\es ch(g’_ ot Ozldu Por Se:

\“\\ﬁ ?655'.\-\11 -?deuchma o {' C‘zH-L\

aHy

Max Pessitie production = (loo)(o-85) we) Camc |1 wel C2Hy

= 25 wwl CzMy
s

Yeaia +|_N2 —e 43 P V2 = Yo we| C2Uy
25 s
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USMJ_ MoleCular S-?eC'.cs balance s h@"rkacp.‘

o
CaHg balance . T _O 4+ Qf— e =9
. (c-28)(les) — %, -C =o

: Camg
& i ;
— Cab¢ = 5 -1, = 85— 42.4 = 4z.g¢ w=\C2aH¢
s
1Y la}
C)_Hq balance . ){—0-{- & —é =
O = Q‘ > 1';72 = @‘
Czu,q
go ch‘-““ = Ho wal O?.“q
s
IS
Ha balance f-O +&-C=o
o — ‘;‘3 +@H1—CH1 0~ 3
‘;\3: @’H-:."QH-;.
@'\-\z - L‘o W‘ Qq_\-‘rl-l- %ev' | m‘ Hz :HO W\b‘ Hl 804
A \ el O My o

GH:_ - g wel CHagen | | wel Ha _ g
S 2wel CH Yy B

=% W3 - Yo - V49
=

o <
CHy balance | i-'o'i‘G-‘é:c‘
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< _ Yo wel C-;\-lqi L vl IO e o i el G M
Clz]-l i =
T T i ‘ Vel CaHby s
( Qzl—\c = 4Yy2.6 — Yo = 2.6 weol Qz“\_C__
s
Q"C\M — 2.6 weol CaMg Oosasisisial A YA , 2 we! CUHy
— B.2. \m\.ot C\-U-l
s

s
J
V‘I3: Ho - ‘;‘Ll - Qo- S-2 PO BN \m.n\ CHq
2 2 <

1.;13 = 334 wal CHla
s

Tret (F) balance . 70O+ ggid“’.‘_: o

I=-0
(0'15)((00): V:ls' = vig = 1S wol T
s

Tl vealor $laws yade of e oudled shvean. — Nt YW g
= H2.4 + 4o +3F4+5.2 +\S = |4o wel _ o
=
Now led us dekervaine Yhe wolar Copposition -
Jeane = LS U0 RN VN TE JLAL RN T, Ve ;'3 = V3 - a263
i l;\T Y2

B 17| . N
‘j’c\-l:q S e = 9 3% 3 'S-t = _5 = o\lok
\ﬂ-r oA

T
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U.Si"a_‘ atommi\C Species \mdrkocﬁ *

C balance 1 L = O

(o-25)(le2) weol ‘32““ wel C 4 wel CaHe ‘l‘“l S | L \;,zi....\e:uql 2Q
S s |\ml%

!wulczug 7 'I\w-lc-.u<

4 Vidwe! CHq ( Pl Q@

I

s l\m\(‘_uq
3 (2)6-85)(ee) = (2) v + 2 Mz + Wy
(8s5)(2) = (@)(42.4) +(2)(He) +1ng

s

H balﬂnce_ . I =0

(o-85)(los) MlO-zH(\ Cwa\H el CaHe lc ol VL (s wal C:H"ll 4 el H
4 W3 el Ha| 2 mel W +\2\m--lc¥lq‘ 4 wal 4

e s
(6)Co 85) (les) = = [Pl \al CULY

(©)Ch,) + @) +@)(W3) +(dny)
= (6)(42-4) + (W)(4e) + 2113 + U)(5-2)

-_-_b\iv‘\s =] BE U el Vi l
<

Thod bLdawce: T — o o (c.\g)(\ﬁq) = 1}\5- {5 = \S wal '.ET
Them Lmn{ e Ca\..?osx-\-;a... wwch W\ be sawme. L
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Us'ma_ extent of Yeackion mckimdl s
Twe reactions:
Colg ol aCay & WL g!
CaHg w2 3 2ClHg é.,___
Now> wide the extet ok Yeactiow eauatians:

CaMe 1 W = (eeedles) —)(5) —(1)(£,)
V!;: 25 — gl -—gl = 4d2.4 abe b b (1)

C.Hqy .| |z &=| | +(:l_)(§1) =Hdo =D é_‘ = Qo weo|
s

Powm (o @) 2 EL =295 L€ Llasla bk vl ] 1L
. e mpeid o £

Ha - \;\3 = O & (ﬂ(gt) e < Qﬂ(g"-'-) T

Yo— 2.6 _-:.-_.'34.4 wel Hz.J
s

b—
—

Y& (! | nig=|0 4.(7-)§.2 x| @D(2-£D

= Ivlq — 52 hal CHiJ
s

The - : V‘S :Q:.\S.)(\q.c;) O =D \,;\..5‘;: \S wal Ij
S
!

Nete 4ol Yie Siwphest yeetbad (s e extedt ol Yenchion Thas
on- rultide veaction Processes Use extak- oF rxn metlad .

2%

Sc'a.‘r’cq,c\h.k Cial
.y Sz
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¥k Chemical Equilibrium Qalcuakions
- what s +le Coi-u-cren(e_ between S’red;} State av(.o €1u',.l',b(.\4y“’z.

S-\-eq.oeg_ State @ wvo C_L\qnae, wdh e I " %_ =
Equilibiwm :ne Change_ 1 Space cnd time

a - 3 o, ‘b — J__.._.’b -
>4 22X ’b.d, D=

qu'.hbrh.\m Is .S?c_c‘.c.,l Guse ot gﬁqﬂ? Slate .

#* Txreversible veackiow, : +he eT...'. o am Cﬂk‘?o&i"’k—’n for ireversitle
Al sl B Yeactions |s +le Camposition at Qbh-?\e&
Cansum?":ion ok f'\m;-l‘.vj_'(mM(Ym_d-lov\
Jees to Conpletion) '

#¥ Revercble rerchions ! tThe equili Briu Cownposition Lor reverse
A— B Yeactions is the Compositian at whch He

reaclion vate of +the 1@-@»@0 and Yeverse
reactions are ea‘ua.(

Hows 1t Pidd +he equiliorium Corepasition, of reversitle

veaction mixbues ¢

M;MA— extont of fe;.{:{-mn M{k.og. Heve ée!+1—c. extont

of reversibe reachow ok gqulibimw 1S OQCL'W\(.LO .
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Ex: Suppesc + A Heoe -L:[le.uivg caq:.—.pkq_;c_ reversible reackiown

CCurg moa rea.c-‘.-of !

.CC%Q_) |4 Hz%) IIT COZ&S) + Htﬂ)

The feed 4o reactor Contains | wel of Co, 2 wel o} Hio,
and ho Co, or Hi-The reackioun Comes +o Sl bl um ord
temperabwre, T = Wos K wikh veackon equilibima Gustad; =1
Calculate the Guilibivmm Gampasition and He frackional
Conversion of 4o l‘.m.—hnq_m«ckvd--

_ _y| Reacter | -
;.:ll?-loo Tre
3 K-‘-‘ l-o oo
Nee,
Basis 1 3 hal feud do pewclow il
[ ove rXu

Doflz 4441 1+l
L | obher ey, @ equilibinm Canskuct— 2.

et I ( .é>|'<

for ﬂas-?\r-&c. vesctions ! K = (Pcoz)l(?“*\\
(R (R

P Pertial Presswee of Species Vi

P‘- detal Presswee. - P
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+ Kolo o @e?)'(up)  _(o)(gu)
(ﬁcf) ( jum?)l (4eo)( ‘QH,_.,)

wrde ex-kc-Jr OL Yeactiom eim’nws.:

Moo = I+ 1) §,,
Mo = 2 - (A)(8))
NGz = &+ O)(5S,)
Ayl = o+ (\)( gﬂ

h-‘-ﬁ-\-«i = B wel
Ncr‘-c. +L€ V‘\"“,M = 3

_—

because th- = () +) v () < M) ==

Now e ouAl\et Co»wfx;_s“-kg“ m\\\ be

'jCD = Nce }= ée‘ J ‘jH‘Ln = 8. ge

il > 3

14'032- = ge ! Ij‘ Ha

>

:§€

—

e

>
N s (ge/3><ge’3) N éé

= hnn-\-_,;‘h‘ =3 w\mm’?

I3

=3
[O- ) 2][c-8)/5] (-5 )e &)

wd (1-8)(2-€,) = §2 =236, 257 0>

—_blf,_: _‘2—5‘\
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| 14
< I "'3 = o4} » Y. = ______2'32‘ = o-44y
'ﬂ;.;,_ = %_ =0-222 ; Y., = %_ = 0-222
In+his peblema LR 1s Co:
-Pco = MwCo - Neu,Co  _ | - WMout,Co

h'm,Co 1

Mawd0o = 1—-0E. = |

ul'*’

|
R i

1

f

2
- —_— = .6




Dr. Mohammad Al-Shannag

¥k Cowmbustion reactions :
— Combustion: bum'.v\g_m- oxidation of fuel +o ?rmlwce.(releq,se,)

energy )

{20

— Frel Hgpically Gonkains CoHy onel S (&g methane, propanc,-eid)
—s Two +ypes of Combus Hon yeackons :

Cc:\-n?\ejre Cowmbustion i No ?rod..\c_l-iou ol OO
-all C’s 9o o Cor
- all Hs % 4+ Hao
- all S5 % +a S0,

@ Drcomplete (’Qav-‘rm\) Commshion: C s qe +o CO2 el
Co

Ex: CzHe + 502 —= 300, + 4 Hao (Complebe Gambushion)

EX: CBH‘& + 502 — 3Coz + Ul 0 (InCow?\e)re Commxium)

e ?"—‘A“‘CJ" Aas Lo Gimbustion 1o Glled Vstack %qs." o ¥ Fue
4as » '
—> The Compasition of glack ({’-\ue) qas 1s deneted based ow :
- ’Dng_ bas.s 3 Cowposidion excludes Hzo .,
-~ Wet basis & Cow@sﬂm tacludes Hz.o@)
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‘ |
Hows 4o Cawvedt -Erbwn 3 1
@ wet basis — Dﬂ} bas. s

Take o basis of (60 mel of wet qas .

(b) ‘Dn} basis —a» Wek basis

Take a basis of loo wel of clna_ gqg.

Ex: A stack gas Comtawms 60 wel’ Ny , 1S wel/ZCoz, lo wel 7 O aned
he baance Hao: Calculabe the welar Compocition busesd on dry
basi s
Basis: les wel of wek qas = 6o wel Ny

\s wel Co;
\o wme\l O+

D rvml d‘“ﬁ- gas

60  _ 5o wel Nz : 5  _ 0\36€ Wel Oz

s wel dy gas L3 vweo\ ciw& das
2

Lo _ oulg we 02 i Claeele (Mo

LS el clﬁ-a«aqs,

Ex: an Orsqt G\M['j;\S(-i'ﬂC(nn;1u\.g_ for Shack qas mlu}cls) Yields
+he Follow busi $ Composition 65 melZ N2 , 14 mel/ Coz,

W/.Co) 1o melz 0, - T aoUi#-.ou, a hum'.o!s’«-g_measwremﬂ-

Shawss Yhe e wole drackion ofF Waker Nogow W the strack qas

'S a0 . Calculahe e Shack AaS CQ\rvf‘)Q:s;‘\iQ“ om A Wek bass.

Basis: loe wweles of C’Jna_ Qas
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oF Wl Haa
gu - o ot 2

FE

‘ 122
= l—-b-c:.'.}-: i

093 wel dnygas
e\ Wek gas

el Wek- gqas

__b 0.0F wal Hoo /\ma\ wet Qas

— Q.c'_'_‘_g.?, m\ l-&zc;
©:943 wol dn&sqgj o | wel aas

Y\ 'dv%raqs
—rhu S

loo weles of d Yas Containg
o (0.0353 Wel Hao ‘\a

ol ""}a« o e dna'ﬂ“s) e

3.53 wel Hae

= 65 wel N,
(o.\q)(\oo) = \4 wel Coz
(5.\\)(\00) = M Aal CO

(o10)( loo)

—

\o wal 02

Z \o1.5 wel wek 4as
Now
kj’\rk'a..«s " Rt = ©-Qik
\ok. .5
Yn, = 65 = o.605
\e}'s 7
= = o:\30
Cpa {&31.5
0o = | h iz 84 \pR
\o} .o
Bog 2| % | 2| oeqn
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7 -n‘le, SowurcCe o.-[: 02 'Pbr- Combustion (s Msuﬂllj_mr (2-1 \M-ol'/, O;_J
fl-qnm.l/ Nz) H
23.3€ wealN2 l‘ 4. F¢ wal aw e Mw-\;'vn—: 29 gq-'r
* The L;.“ow- GEe;l:'nn;-‘-imJ onre l’l:t?-rnl i Combms.hon \’eﬂ-C'LiQnS
CatCu.\.‘\*\uHS :
._,.—r,f\c.or'.-‘-'\Cq( Oz ! w\es 0-[' 02_ feﬂu\ﬂej bé_ﬂo'\cklcmh}-(lor
Cov-ﬁe'\'e— Combmstion of all -Q‘U\e\ -Y—ezQ o he
Yeactor,

-—n-—nneoﬁh GJ Uiy - G‘w&w{-ﬂ-j_ c:-ﬁ- Aiv -H\q'&- Contain s -{:l\eori l—'\cc\( O,

—>S Excess air: G[uaw\-ﬂxa bﬁ_m\n\c(n o Q-J +o +he veaclan
eXceed s +hearti qu O~

= e G _(wal\e 3
QM‘ )M s qv)icm«;\acal

— PerCent €XCeSS Civ = (""‘"\& o ) fed —(‘"‘“\e “b)**vfﬂ"‘”t x\aa 7

( Waole o\'..w)

Thesndical

Tivs Can b {e.o\ifbwcaeﬂo o e alse -

( wole aif) = (\mo\t ct‘.v-) |4 PorCevd excess v ]
S‘-e‘Q '&""Cnﬁ-\,\(u\ \ e




Dr. Mohammad Al-Shannag

124

E'X Ethane (5 barned wdh Bo/ extess caur. The ?mﬂ+4ﬂt CanVersSion

of ethane 1I's 9o/, .

25/ o-L +he cthane b\arhcap reacks 4o -fom Co

ownd 4he balance will teact’ to Jorm Coz . Galoate the vnolur

Cawf?os\-\-mn c:.-[- Srack ‘345. oW
4o th- SMck gas ?

Qa oln;_ basis and Welor \%Jno of waker

los u‘ =N el C2H¢

V‘Q 'bml&;f'

.

621 wal 0 [iva|

034 wol Ny [ el i

CzHg -~ _—‘_\"i__Oz_ —» 2Co2 + 320

CaMe+ 5 0 —= 2Co + 3 M,
2

¥asis - \oco Vo ot C-z.\J«Q -T-e-rﬂ LPN Yeaclov = Wn = leo »ml

Doy =3+-4y4 -3

Lev,c,0,u

=o Vv ok

W, weel CaMg
.F =09 Nz wel O3
Cale \
XS/ arr=Boy V3 e Nz
g :Q;“S gy \V\b\ Co
4y 8 g N« wel Qo'z

V\( ol \-\,_(5

3 otler eans. !

@‘iczua
@) XS 7. o

@

ny

=

.
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- 50/ eXess awr: Ny, = N l4+ Be
‘EL“"“'.W' loo
= l.s 1N
thear, a;.
— o0 mel CaHe I < el 02 I
7O I | wel Col ¢
& \ \ =
V\&Mq;- — DSC weel o:.l bvet OWy T 16cC- 8L val air

\ o-.z2l \-v-.l()z

Ng :(l-g) (\66(6_—]-) m +a veaclev

S 'pcdu(‘ =0:9 = los - 1, 2|l v, = 1lo wel C-;H(t

leo

._.:..C)M%:IHT—‘O\AJAF

loo wel c,_\-ls.J 2welC \,.,.lcz_Hc.l 2 we| C +\Aq»~.\co\ IwelC
]lmlcz_“( l“’ﬂ‘ozk I\M\CQ
a g wel Coz \_\m\c
\ \M\CQ.-;_
= 2e0 = 2.W ok NG e

2ee = (2)(le) AVg Ny -4\/\&.{4\. hWe = i‘&d

Salas =D Ma i
D+ 23ng =23 =pNg= U wel Co
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heg = 2Ny = (_3)("(5) ':D\V\g = "3‘5 el CQ?.J

H M 1 = ouk

loo »Mlc,_u-lel Ewald - 1o chzp(.él €l 14 ¢ ml\-lu.[‘l.mi\{
l\\....l CaHc l\ml Catle ‘\ml'r\z.

O Ng : Th=out

2500 e\ a'.rl o-zl\wln\ z2walo ), meloy \ 2wl o _‘_hqm\c'nl Iwe g

]lhmla;- \1\“‘\61 l \\"'“\02_ !lmlcn
$ Ns Lol Co‘a.\ ZwalOo '+V\6mles|IM‘0
loBe = 21, + Ug -\-("2)(135) i N
-4;1 Ne = zaz-gm
Ny MB . ('256‘-")("'4‘0 = Vi3 -:b[ N3z = \qQ3 5 weel Nﬂ
To C'Q(C..Ju&-e_ e e low CMQS\"\*Q“ o} ‘e S\ac ol-hé’ %45 :
m*“’"“lmlhjgas: Wi + N & V‘}i"V‘L\-\-Wg Mg = 234%.5 \mo\ olﬂ.g_%u
'dl n e = o-00UlF w...\ C-,_Hc [\m.\ c’-‘ra jq;
HM‘.O’*‘J qas
Y, = | — ©0-04%c wel 0| wal olv-sz Aas

n
M'“‘"ﬂ‘b‘h‘
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53 - n3 = 0.823%%2 ’N\-ﬂ\ N)_l \m.l AYL} qas
Mkl dng gas
‘jq = (N4 = 0:082 wel Co { haal Ol\'\% caq.s
"‘hhl,p{-.jﬁ-u
Vg = LOF = 00562 wel C02| wel dy qacs
V"nhl,alrla gas
Y‘d\-‘-‘u) D-r— M\C.S oi H),_c "-Q ‘W\DLCS b-r- ol"j’_aqg = Vlé
\Ae\a\qﬂ,alrﬂgqf
= 2Z¥e - A3
239%.5

X% Qﬁlna-r‘k : Swnce the Sowrce o-[- D2 1S Qi which Q:u'tﬂ'm.i Nc
'H'Oﬂ; \s & "?o_SS'.b'u\i"‘n-) o—‘- s.e.y-msn'un OL “‘&YQSG\A OX'\(‘Q_&

\.\kt, b NDKJ NzOL‘ -

—n'\'n_s l.s nealeo-l-eap W e Tre hous G’J\‘\WQ\Q.
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*x Mulliple — wnit processes S

Ex :

Hi!'mﬁ_
3 in |r + l

Toint

<

_L Unit 2.

H'\"'\vul_

i thﬂcle. Shreana

By pass siveam

Hows o’-o You ﬁnal}&g M“I-L'..?\e-—hv\ﬂ- precess ?

— overall SYstewn Larag, Covdval \olume orowndd the whale Pracess
e,hdos'\wj_ all wnits, W-C'gclcs aJ ba,p.ss W eawms .

- SubsysiCuma ! wdividual units or Combrnation of od_]'aa.-d- Unts

Shream wai Xima_ Points ; el Shream spltHng pomts.

—- Do deam-oﬁ--Pre@!am analysis for the ealecte Sctenn

as we akoq before wih s'vﬁle,-m{:-\- Process .

Ex : Steady slabe pocess

Ay

®

_-@—ﬁ E&& t"."-or-‘
WA

A—sB
'FA = So/
How wou-\ll Yow re&rqm +the -plou-) Chart obove +o be wave Cost

A,

h-"Bz.

S .
P \ "Bs (4o sell)
.J S\:Pq.r.-l.-or
@ >

h‘ﬂﬁ-‘-l (,+b olumP)

efficient and ahu'\ronmcn’cﬁlba_ ConsCiou s ?
Re.Cgcl:, Streawm @ +o be \rn'.xeo( wik Q-Lfe.ﬂvw @
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: l’zq
Thus the Lloochet beComes ®

© @] @

: | Keactor 5 Separator

lm“l / ""“M-l "‘?‘h& F‘
M

huivﬂ_ . ' ‘

Pt Rcycle @  wa,

* Keceycle - unused mater al be-..njr cﬂolua back {o 4ne feed chveanmn
* l?ecﬂc!inj is hot free (rel[mre PanPing_ > PiPeS ,.--- e#c.) ;

—» [he Previous Process Beowmes meore Elorows o onal . @aVircumedall
Conscioms Msing recycle . But what 1 Wong_ wh the Hoschact
From paysianl pant of View?

Since, the Process s at S-*&A-é_s?n:l-r_. Shuation and e Qanversion
of A is met loo” s Ehere will be. Combmuous Bccmulakiow o
Species A WdtWin the unite ondd EXceonas of- Ehe Proce sy

which way lead 4o olangerouws Sitwations ( explogion ; Backflow
et .

e The SAubion for such Sitnation is. doi\r\l_ burgkng Shyeamn ;

The ophimunma Yocess SHuation ( thekt tuke Elonomi, Enuivonwen—
Sk, el Phycicad dretors iwba account) is

@
-q
Wog
. © @ Keactoe @ " sel—,gﬂd..q,.‘
WAL Wngy oy
= . h

—e- . : © - >
Recycle (&) N Pwrqe, W
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e Parde : A Shream bled off from +he Pocess to remale An GcCumulabion
o} “ﬂ\ﬂq.g\‘pq M—qnqls(SMcln AS Wment s 7 or Sowme o4— Neadlankc
) trodk mightt othenaice build Up Within te Prcess uniks Sl
Sheams .

EX:l wakal is wrme;_ wikh +he fLwchat below 4

I net -3
} 7T [

A, T i

- ‘_"'_'__b.
Aw, T

T I

The wrov3_ls owld uwp of nerk ownd spcaies A Widvin Yve suctew,.
?wrae_ 1< I'B1\a\v-eop +o golve, this ?VD‘Q\M

.-
-

B
T 1 1
AJ'I— AJ $’I
N\
<~— — r g
AT AT

% The recycle wll lead 4o aevevulion ot MAXing Lo

* The pawdqe W \ead ! o generation ot Sp\ittng - paint,
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X* S?\\'L""\Wg_ ?0'\\#\'\' L How M‘}"'\AC?{'- MB fualions Can we Wite
Oon the S?l;-H—'m% ?.\'\v\‘{‘ ?
EX Lo wmelil$ 6o weol [S

— =
o3 wel A [ el %o el & Jveal
=Xy wol Blmel
03 el Bl\we‘

2
Xz ol P‘l \f«-ﬁ(
TSE VR S, N o |

Just one indept: MB equakion Can be Wikden on He Splitting
Pot : 4otal (mass or mele) balance 5> Snce the Composthon of
+he outlet shveams musk e Ve came aS He inlet
Shre awa
8o loo = 6o+ iz =D W= Howel |
Xi= Xz = o%

* hixiw’é_ ?o'm{': Howd mn-ﬁ_i'nof-e?i- “e ea‘vw{-ions Gn We W('\Jce own

Miing Dot -
Ex loo wel IS 60 wells
o3+ wol P:rllm.ol J(T wel Al we
03 wel 2wl 1=Xy wel B lime|
n, wol ls
Xz wal Al mal|
2 of Wnknowws = 3 $ 1=%a sl ® lmal

X1 Xas Vi
of Gowrse, for mikimey Ao oukled- Sheam oo nd ate Yie Same
Ca»-zeqs\\r\um as e med sSheasms
v M\Xiwa_'-?orﬂ-t Mol indept VB aqns. = X ol '\v&?l-- Specics
For +hes mev?\n: Y eﬂty\s. = 2 (P\,B mawe.s)

DoF = B2 =\ => one unkhown must be S‘f\:C‘&tccQ -Yar-\'kl_s
?(bb\.m o be 30\“‘\:‘0\2..
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X When chemil veackions are involued tn mulhiple —unit Precesses
another Knd of Conversion 1S a!dl,,wﬂ .

- 6vemll Corevrsion : Conversion cchived| Eg‘ the entire (overall)
Process

woles Yeactank $eed

o S;na\;_. (\)‘t.SS ComVersion: CBnversion adme_veaﬂ bg_bve_, @CC\'C\Q
Prcess unit (r"cackav) :

gEmks veactont fed 1o racbu}-(w\es veackaunt ot
of m“"“d)_]/ woles reaclant fed +o veacks

X Bypass : a Shream that skips one or more Process unit ta go

J'\ﬁ:d:l'} Purther dovonctream
Bapass

Ev !

Vi i A
5-?\‘“"1_ Point

5 Eapass goes Prom 5?\.4-4-\\.1. 4o hnix;y.ﬂ Toimt--
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: Crystalline potassium Chromate ( '(:.C"'Oq) is recovered from aun aqueous
Solution act:oro!im}-*o a -S*ﬂwl} Sherte Process --Far’rg_-gwe. Wwwdredd iﬁluﬂr—-
ams. Por howr of G sawbion that ic oneHhivd K;_Cr'O,_‘ bg_ W4 ss IS jOined
bﬁ arecycle filtmte sheam Cowl'ﬂ'lning\'ﬁé-q./. b;_mas-‘ l(,_croq andd
the Com b'mevg shream is fed 4o an eva?or«l-owfm_e.&vcenln;{-_eg{glfm“
-'--*‘-‘Wl'ng the &va?orwl'or Contding U4q. 47 KoCroy, ; +his Shream (s
ded ks G Cry shallizer ba which i is eoled (Guusi Crystals of
KaCroy to @me owk of Subon) and +hen filtered. The Riter
Calte, Gonsists o K:.Crmr Crystads and 2 Sohelicn, thad (bw{'d\';hs
2.4/ K2Oroy ; Hhe Cryslals accort-for a5/ of the todal mass
of He Cille take .
(1) Draws and Completely label +he flocchart of +his process

(2) Calculate the mie of water euagaration, the rate ot
Produckon sf- Cryshalline kz.Cr'OL‘ ,the Leed teg 1o e.uq?w-é-o.-
oond Crystallize, and the recycle mbio. (mass of recycle |
mass of Hesh M)

(2) Supposc that the Lihate we dscacded instend of loeing fecydel
Cﬂtomk\*'(_ +L€. ?YGOLAC.L"OV\ rﬁ+c, D-F— Orﬂ.C‘h‘S Nkﬁk" are +he ben, (4s
el Gopes ok He (eo']c,l;w}?
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Water =W l\’a.Croq in Salubione =i 3 Crystal < of k'zC?'OLlE K

& | 1. T o aea s Klkq
L2 ‘ 0.636 kg wl
%A } e g Wity
\"“ -
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