Dr. Mohammad Al-Shannag Uz

% Chapte~ 3 : Process and Process qub\r.s

= Process: an operation or a Serjes of c?gm{-,'.ons. +that causes
& physical/Chemical / biological Changes kbcmbg_ sConverking
raw wmakerial into Pfoducfs . |

- Process Flowchart (Flow shed:) 2

roCess Cess
Ex : i N PP Ll
Unit l Stream 4 wa'd 2. Svean &

5"‘!"“"1_ 5+I‘E-M3

~ Process streams i inputs and outputs of a ProCess units

~ Pmcess varables © Variables to Character,ze streams entering
and leaving Process units.
Ex - Temperature , Pressure , mass (mele) flow rates
Volumednc flow vates , Concentrations, ... etc.

— Note that some process Variables given and other s will
be calculated.
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XX Com]:t_).s(-l-ion or- Oncentration !
It has +he 'r-ollow;v\g_-ﬁu*m; '

- :Dehs:"l'z + ratic of mass +o Volume.

He

gl= M It s also Gl-“ﬁ.ﬁl: mM4ss .CanCen“Ta{'ion
V

£ 15 a matenal Physical Property

£= 8 (1 P) ! = solids ol l:qu:ds .

— Slijh'i' Vdnf‘;a-l';on Wl‘"h ‘l"CmFQru‘I’KfC)T
—s alinast no variation with pressure ; P.

- GG.S'C'.S :
5“"»«3_ V“(;a'";an_ wi-'l'l'l ?
Most Pure van‘?guno!s: as T4 ' ® J, (Volumc ex?ans:m)

as P 4 8 t ( Volume, Con?rc,ssmn)
Remember Water — an “thomalcl}(l .

as T4 S % for waler In the Mande (o—HQC)

- Pperys Chem, cal Enﬁincers Hand book. 1S one of the best+

handbooks +o get p\nﬂs;ml properties of ln.ng_ Pure
Componna&) Solutions , and Wi xdures -

~ (Set Combartable. |in wki'giSQ‘pt)aSSuwP‘&iOMS o s‘.m?l;ﬁg_
'l:lu;ng_s l. -
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—a For new we will assume !

_..5o.l'.6!.5 ol l'fq.uicf..i Ure. ;nComFrc.ss;Hc: : 8 :F ng)
i 8|= |s(T)
- Gqs.e._‘- CAMP Vapons are Com?n-_-,gs;ble_ :19= BT ?)

- :55)&&%: Volume ! Volume OCO\P.eJ b& a unit mass of substance

— welar Volume = _Y...

|
e low~ Voluwee

— ol Cancenhubion o (Gcembration) = 1

" 5?‘:5'--‘2?& %mv.‘-l-}j SQ ! watio of the o[t.us.'#}_ of & Substance +o
“rﬁxcerence_ substance af sPcc.iﬁic Conditions

sg =  S(Tp)
St (Treg 02 )
—= SG 15 dimensionless
— For solids and liguids, £he mast Common reference
IS water at 4T and 1 atm . |
Su(1abm, 4% )= 1 glem? = oo Kgim™
= 62. 4z lbw [$43 = 1.qy] Siug [ ++3
— Sce table B in e appendix of Your textiook to
look_uF SG for come l'nclu'.oLS and Solids ot 1 abwm.
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He
— Typiatly SQ is expressed as :

2

Ex: SG = 0-6_0_ | ih means Fhat +his Valqe_ of SG
T forthe subshance ot 20°C with ref.
o water a4+ 4C . | |
EX: what Is the mass of 2495 gal of acetone ak 4o °C?

M=8sv =38  S&V

pick up SG fov ﬂlccalov;c_ o |dmble! @1 3
For acetone: Séo'; ? dake i+ ba, Yowrseld From Hie
a° teble
Hne 26lo Ibm (P@g, atiention o um'-l-s_)
This I's overesHwmate value of mags wha?
becCause We Use S& ok 20°C which Is larger than
SG ot the given tevperatare ond thus tle wass will
be. laqe‘r( OVea-_e‘.&-l—'\.m&e) |

- Specific weight 5 ¥ adio of the wehghi- of Substance 4o its

Volume,
$= W =9 - sg ] K
™ ™
leg
43
(Aﬂne.

Cm >
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_ Chemical QOMP‘aSI"HOM of mixture *

Remember that :

1 g-mol of CDM‘?ow'\ae = the sum of +he cdomic mass of
all ofoms +hat Constitutc. o molecule

of +he Com?oumvfj e—KPru.LtJ b (g_) .

4 kg_—ml k! |4 = - 2l | |z z z P |2
2 % z z = z £ | =
z sl | 2 2 5 = = (Kj)
1l la=wme 2| |2 =zl | B | % =z 2 2
2llel | & z = - -
z z £ £33 | & z “bm)

g +he sum of He odomic mass 0f atoms of melecule _ | _ put oL
COW*PDV\N}F

1 gwl
Mwt @ Meolecular Mass (wciah*“: Common m;s-iquc.)
Thus, \¥ Gan be sad +hat Volecular mass 1S & Conversion +aclor-

between mass avve weles

—> Also ) remember Hhad- :
| G-mele of CD"'?"’“'J = 602X 1023 (A\loaaofro’s humbw) molecules

b'F +1\A/+' C.Ovn?o\.\“gﬂ
—alwe i 15 hkrtloivesd (mal) it means g-mel
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EX ! |How many| of eacly of the following  are (Costainesd ithin
!oog_ of Co2 ( Muwt = H44.01 ﬂ,lgmf) )

(@) woles Coy : loaLCOz 1 9-mel Co2 _ 2.24—.7; gmel CO,
\q"‘«bl 260;

(b) lhyy el COp: 1009C2| 1 1bm  |416rm=imel Co2
453.69 | HH-ol Iy Coa

z 5-‘5‘3‘1)(153 |bm-'w°l (O,

) gmlde’f- G220 gmol CD-;,[J waol C
l 1 wel CO,

= 2.232 ﬁm\

Lol) ﬂmle.s ol © 1 2232 Gnal COz‘ 2 |gwe) o_-: H;s‘-l'-!gul
11 wol| Coz

(8) Grams of Ovr: 2272 gwel Co:.ll 1 m-'_?'l ‘ 32904
|1 IMolQOz, | 1 5“‘" Ol

- +3 3_02

23
(‘P) elecules of CO5 * 2:2F2 gnul Co;l 6.023X e " waletdes
\ 1 gnel Con

= 1.3¢l2 X (o Umalecules QO
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— Chew, cal Composition s

A HMasgsg -phac_-lrio:a P XA = mass et Species A
total wass o imixbure

EX X XA = Bo Wt/ or 5o/ wiw or 5o bg_ mAagc
Al tlese wnetations indicade wass Fraction .

& Mole Hraction : ‘j'A: wmeles of A
'Edi'q[ mele s
EX: Yx= 3o wel/ av 30/ wellmel 0r 3o/ b} Wil

A -]}-olm ﬁl E"-;OM‘. VA — Volum bg A
+otal Volume

Ex: Na=s4 ValZ or 547 Vol[vel oy 547. by Voluwe
or W[V

* Generalizations :
o Solids (otwid liqniofs 3cnemllg_g,o b} mass or mele fradions

¢ Rases a»ol Vapovs gml[}_go b‘c’{_ male or Vblume-Pruc+sohs
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X Non — ﬂddll"l'ivi“} of Il'?ul'aﬂ Volumes :

et

= If two miscible liquids are mixed together

|
- iB | . . WWM
. |Liquid B At B mixture’
Piduidf At Meng, Y, — | Pman
m.?#;hﬁ, == i | T._,_ i i
VA

For miscible h?u;a{s_ 2= Volumes of  [i q\.{...sfs are hot add&HVc)

Vi # VA Vs |
althoug h it is MWMJ Closed 4o +ie
add.'-kiv:-i-?_.
But-
Mo = ny, + Mg Ulaw of Conservation of- rasS b

Np = Mg 4+ Ng ¥ st wx'mg_a«up he reaction behoten

AMJ'B\S

N
* For mivkures : _ZXS = (V&rrpj, -l-l-.-ab) '?l

t=|

N
> Taet (ki) g
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* If You olo NoT have density olrta for liquid mixturc;
assume Volume aJJ-‘-Fivi'f;{, of the Comvponent s !

V3 = VA + Vg + Ve -0 (s-#‘c Assumpkion )

Bt B donsity clefini bion S = _:‘?_ V= H_
s

S

——

SA '9'5 S:.

Dwide bé M. (4otd mass of Mi)&M) :

\ L | [ XA Xe Xc

— — __._+ - + e. -

5 SA Sp Se
ond i Jererad for- @ l.'fu:-o{ miX+ire of N Speces :

= < S S i ‘Dens:-hto‘-t- “Fhe wmixbure

% How Com we Calculate +le avcr«lg_ waleulan wﬁa\n‘rvf- [ M'\x-}u(c?.
The wmeleculor weight of aay Species L

MW":‘{ = My
wi
Avera

o)y .
omd "r\-e(-'m\ccu\an- wd%h‘i— ol tve wixture s

N totad wales

Pt = N o detal v
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hT'.': H‘*‘Mi'\' M'}*-'"

By HN
M'uo+ n_r

= Nwt 1, + Vuk nat Mk hg - F Mk ng
Divide by v ¢

Mwi = Mwh Y, + Mwk, ¥, + Moty Y, 4o + MWk,

N ]
o% T’l—;l: = ZL‘I; Hwt-

:
1= |

and in terms of mass -prw:-l_-ious,' Xi !

h,r: M, 4+ Nz + Nyt -oen ¥ HN
Bt on= N
Mwt
s | Mo = M| || Mg M3 | || Ly M
Divide bj_ M,r:
___l___ — X; X )(a | XE + ~- XN
Hw +- Mt Hwig Vw3 Mwy,,
N
I E JETH
MW*;
Mw+t t':\’_}
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Ex ¢ | Calculate +he Qverage moleCylor quh{- of diy based on
the -pollow_iv\g- 'iniM iveborimadi ow ¢

@) I-I—sc‘:l??qu\m_akao welay Com?pff{;i__on:??}{ N, a_nJ 21y O,

Lt 14 DL Mt 4, Mwh, &Y M,
=(0:34)(23) + (o-21)(32)
= 222 4 X 249 9

gnal Gl

(&) I#s approimatced inass Compasdion of- 363 1 No
and 2337 O,

| - é-..f."_. = xNz e Xo-z

Hwi '

Aol wi Mw’er g
= 0-FIF 4 0.233
22 b

= Mwt Z22.2 % 9q 3/ gl

Ex: A wixdure of gases has e &Jbu;nj mass Composition :
O, 1614 1:CO:Hoz s CAINFK GIN, FY
@) what Is +he mags Composition of Ni:

ZX:‘: \ =2 o€ toay ol + X.Nz‘: 1

= XN;_:-' 0.3
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(b) What 1 +le polar Compagition of Hthis mixtuve:

Chocse a basis o Calaudakion !
"Pasis ! bo j_ of Jas mixture - | hen the Yas JM_s !

Mo, = 169 Heo, = £

Moo = Hig My, = 639
Nows wee need malecdar weigh+ Mmiovimakion n orde-
+o defermine Fhe b o moles of indiy; dual SpecieS ;

|32
th;: 4‘3‘13"“ 2t o_-“-lZgl'nol
[aeq
NCce, = 17 [19mel  — o.38¢ Yo |
HE 9
Ny, = 639 ,!3":‘_1 = 2.25 4rel
l ‘2.‘33 | |
M= 3.239 gl
=y ol = | P17 | Noa | |+ | &iie|2
Oz = = =
3.239 h.r
'3’(:0 = (145 — oc.o44 g sz 3 %5 — 06.6%¢

3- 239 31239

3.23F9
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—» Thug 4o Convert we lar Com po svtion of Some wixture, +o
m4ss Composition , You must +ake a molor basis as  loo lrl..ol
oF mixdure.

v and 4o _Convert wmass Comwrpo Siticn of Mixhare to melae Camposition,
fou musk take Q nass basis as loo Kg of wixture for exawple.

¥ Flawmtes : +he vate afF which material l:cing_ +Hras poy-ed
-I:hrouﬂh the Process stream .
&'F:rms G‘F 'Plowmks. .

-mass Flow yate; m = ™2 = kg /<
time Glu} | s

Bl ]l s

L Volumeteid Blow vade 5 Viow (@ | =] Volume fiy| m3

¥ s
e el sl
=
— Molow flow yehe s N = Meles
Jc'm\(:.
0
mior Vo 1

Demsity ;€=M __ = ™M  pm=38V
™ N orlwale 20
Nolor Concentrution, C = v = " = n =C V
: : WV V' or V\=QQ
X, = ::;*"—'-' ™ 1 M= L [

Mhu n, ( cf\‘ ]
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Ex : A salubion Gowlaing 187 A lpa_ mass and 20/, B bg;\mle"
Caleulate.:

(Q) Hax s 0[- A %5 k«}_ Salq-l'scw\ -

Xa=o015 = MA 3 m, =@As)(m) =6 15)(115)
e = 28 K}A

(b) The mass Llow vate of A tn a Stream of Solulion -(—louum:}
ot 53 b [ he

Xa = A = My = Xy my =(°.\5)(53>:}.q5-\b_n_§_
“';"i: e

(C) The weloa Llow rale of B in as_d-mm gkowi,\g ot \eco mel

WAL

gﬁz ns =§V\-5-—_‘dg, h%: _(o'z)(l.boo> = 200 Wl B
“‘l‘: WATW,

Bx:| A |a-5 melar aquesuns Solutiow of sulfuric acid flows nto
QA Process unit ok mk_ of lLz2s M3 + VThe gpecdic Qravity
of Solubiow is 103 CalCu\q-\-c. g
CHa.soq-c' sNn=9" SM M, =V =l2522 ,SG =\ osq

i

(-a') T\\c wWAass CnmCen‘*‘m".‘nQ\n O'r- H SDH \VI k%\ma .

B=s C * Mwt =
Wosoy HaSog Hasey
— o-'j‘ml\ a8 3 \ ka_ leos L — uq b}-

ML E et [ ] lebog] net [ 1] [ [ 1P
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() “The mass flow rate 6F solutbion in lvg.ls

M = SQ But S = SGS,,
assume that So= 1 8
Cwa3 i
= S=(Lo3z)#) = ).oa B
Cwa3
M = l-oaﬂl 1125 m” l | kg l@loot‘.m)z \ 1 min
Cwm3 I L TN l\boo& |1M3 l 6o &
= 21.5 Ik /s
(©) The mass Flow mbe of H;.SOH WA W&ls .
Hg:..s: M“"s““ P y;‘l-l - f
oy ~7 aso, 1304
bl |l qqk:a_ll.zmm‘l( { i Lox. | %5
Hasey m‘l Wi I 6o s s
(d) The mnass -PmC"'t‘Dw e’f‘ H:.SOL]
xl—lasml = hf\“‘s“ = 152 1o | sloig K thioh
.hﬂ a1, s \(a_ s.a\u"':Ou

H% KewarK: The nCentvations of trace Syecies wn wikhwes ATR
Expressed in derms of -
- Parts per wilion (PFW) = wxle” fo gas o Xi X\ for Vigads
= Perts por brllion (??‘o\.) -_-_-,ta;:l{\cft for gas ov Xi K lnq fo- Wqunds
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H¥ Tem?c.rq'lm,‘ b B
...—re.mPcrq'l'hvc measuves Knebhic enerﬁ;l of molecules (internal

Gﬂm—au of washncﬁg) .

- The +='M'MM ot +he boola IS O measwe of i+s +hevmal
State \n relevence 4o (s Power To Lvanste—~ heat 4o
othe— bodies.

* Devices for me,qsur'.»\g:i'ew?em-lmm . Thermomete
Mmm?\e

* Temperahure scales @ Celsms ', °C VST uniks ¥
Fahrenheit, F ¢ Batish wade®
These 4wo Stales are defined vv.s‘mz_-H@ -Pree.a:wl_
Poat s To 5 ond bo-.l;m& Poiat 3 T 5 oF waker ot 1 abia .

_r"m; the rcla-[-:ov\S}\BP betwee +hese +woe SCales i.S l;nw.

Fahrenheit scale . Tp = 32.F Th = 212 TE
%
[ "ﬁ,-.zsiF :'\\_.

_‘_(.-F)= QTC‘C—) +* =3

o= S;lo?c= 242 - 32 = \.2

lco -0

(4

Rasa g | g

T =cc
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TCE) L= L_Ter) ¢l
32 =(0.2)e) * b =D b =32

'_% Th:. Te.qun'nw.‘.\ﬁ'i? etk ween u'C, o.«nae ‘-‘: Sales 1s:

TR = Ve e+ 32

# The lbwest ﬂm?emm at which Al welecnlor wetion
S‘DPS iS -2?'3."5 °C = —“155(-61-“":.

# This leads 4o e definidion of abselute tewperature -
Scales : .

ST unts t Kelvin’ K Gale \T( k)= T_(_‘C,) +213\y
Bakish unids: Rankine SR sale:| T(R)=T(F) +usa.¢3

Alse You Canm devive the re\q\-:onsht? between R omd TK Scales:

[TCQR) = L T le

— Kewmember +‘~4.4- —H.c abselute +=H?¢m+1~rc (@=7% not "ch‘_
h:ﬁq-l—‘.ae. Values neitlar 1w Kvoy-';:R

Bu:l | |T= |+ |2 %0 I Te —%c < —23345°C
T= -XK (attab e 17 )| |77 E Lnlel el v T

T = —% (o»bsa‘mk) W= —%P <-HS4.6¢x F
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€2
X standor-d Condition -rov ﬁm{-ﬁ‘h’n’. . o °C

X C";“Vef‘.s;bn 'FQC'I'O‘P,S. -rhv- 'Iﬁm’lx_y’q-l-urg_ d;m-gy‘CQ_; AT .
AT TR o= T

~let us reduen back o Unit Guversion Subje ct=:

Ex: 1f You have +ime i SecConds 'k(S) and You wou | li_kc_
+C> Con vert E% s £ S 'Hw\c A Vvi‘wuk} t (i ) . wk,.).- will Yowu
o 2

: 't'(h’f.n) = -tCS)
€o

. This s €. and we must have Unit Cansz,s-l-enc\i"m 'S
Thus ; 11 musk b wrirten g5 _

'l:’(lva'.-\) =| (s h.nin
€o J s
= “The Conversian -paahr-
beehwen(minom (5) (s
1 min = 6 S as

we. Km-

Let us oagely this on AT & -

All= _r@ = ‘Ws
TR (F) = 12T Cc) +32 - @
T; (q_F) o5, \'3—‘-‘.(0(-’) 32 _;-.@
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Stﬂlb‘h"ﬁc-l- q (2) -Pmm e1 (’1)‘.
T CF) - T () = 1) - T () ]

so AT(¥F) = l.g aT(c)
Now do have unt Consistoncy in both ovdes .

ATCE) = [LdaT o Voe
Vl oC

NS 'ch- AT  +he ConvVersiowm betrween “-F q.-ul ol l'-s

.8 "= 1%

You Canm oo +he same amlﬂ_ds +o Lad ConvVerSion between
Ol'sw T unts -pov- AT

v k)= ATV RN Ly 14 lkelsl bl

Lo
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Ex

Consider an iiitial Wghml T = 26T anad| il
Rh‘?m“"ﬂ."ﬂ) —TE = SO"F :

&) Galeulate To amd Tp i T |:

Ti(c)= T(¥)-32 _ 20-32 _ 12

1.Q 1.Q |.Q

= —-6¢631C

Me (c) = —'_FG“)-R_ = (89 TBP3H (/4R

| K- l.g
2¢.€3 °C

i

(b) ‘F;naj -l-c,.,.?e,,-‘{—we Ol'-'r"ﬁcrmce_ O .ln °C MSing .

(1) The resu l4s of- Pot-(@) :
ATCR) = Tp (%) =) = 2663 = 86
=[33.2°%

0‘9) AT | Conversion —ch-4ov-j. .
AT (F) = T3 (0 - . () = 8~ 20 =6 F

AT = €o ¥ ‘ th__ = 33,3°(‘_ TThe [same | Gnsise
\\.%.-F as w (1),
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X Rewmark : when You would like 4o Cownvert un;l-'._c.s "
wk:.ch-l-e-u?gm{-um Unit s In v'ole 5 You must Know
the basic olefinifion of +his qum-l-:-l;( 4= sec it
femperahure unit 15 relatesd +o T~ o AT

EX : Convert heut oA |4 T || L ide
BLEEK; Y0y
Squ. val et~ in _9
2 5%
So You must fnews +he olefindion of heat Cﬂ:qcihy
CP_, I ferm s of 'l'ﬂwP,_;,--.M to sce bV 0s T
or AT in thet e lintion i we. Know Frak -

® = MC? AT Q| heat
T o MEAW. ex ARE N
M AT 9:%

So I+ l‘,s. AT W.S%—
o
O? =4 & l 1°C = 222 | 3T

-]

9. G ll-(a'F 9 °F

Ex: The heat. Cq‘:aqci-{-na_ of Amimonia as a 'pHnC"'fbn of -}cn?.
Vs given ba:

C B ).‘: ©-H8F 4229 Xl;q T(‘-F)
Pe cF

@) Find +he hewt Copacity at T= 20°F in 3
8¢
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- o 43F -»‘.(_2._2‘1“;”)(90) =| &15o5] BFY |

“r w F AR
_oses B[ 1T | em | W8¥ | | ply | Bl
b, F ‘q.qzexléf'gm] H53.5929 l e g tc

(b) Determme on EX pression +o have CF in _d in derms of-

3°c
'T'_ n GC_ :

TTCrE) = 16 TA%) +3%

C?( B”". ) - CFIJ \‘q ngxle Bt ‘H53 593 9 '1(:
o ¥ \3. G)l‘lg‘ Inb,“ P\lgF

- ozqu?( d_ >

g.°c
Swshbabe dor T (F) ol Co(om
EXPre.ssion
O-ZBQC?( g ;—_o-L\Qq_—t-'Z-qu];HE-‘ZT('C)'\Bﬂ
_ g4-7¢
7 > = |2-06% 4 bag XIS T TV L)
°C

_."'F +he given

Check +the omswe— W Rark CL. T_(‘(;) = TEF)-32
Mg (84132 . |261.€% | - -2
1.2
Co = 2062 +fazsns? )(2¢69) =20 3 (ok)
PR
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6EF
* what do wc.hmmbg 'Ev-l-u.?_

B‘ht 15 B--l'.;h w Mn;"' 'H'u: c”"j? rfcln rca( 4o raise. ] IbM
of wal~ 1°F is Galled 1 By
1Cq| 'El-& “Imm:“- F 9?*314 rc.,utrJ 'lﬂ r&i.'sf_ lg_ o‘r- N‘-ACA—

;1L
XX Pressure; P
P5 ...f... The pressure force £ acks hormal on
A Surf<ces

This defimtion will lbe rc_\a‘\s.r_ao wr Flid mechanics Course.

* Pressure Can be exl:re.ssup qs a J"laj e-ﬁ l‘.qu:ap with Known

_ 0’6415;“3 : P= _fg. L\ h L;1u:4' hu!
E P
33
f'uh +5 -'pov-' ?’CMWC,
ME 5 JHE =i s
- Brtish Ui?,g_ [ ++* P/e )
Qgs 3 O’Unc/ Cm=Z /( ’ Pl(fu‘?)

_o-(:ku- Commen Units ! .._..[_._. w.-[_-

?‘S;E —‘EL 5 bar, atem , wmm Hfa_; wmm Hyo, +ovr

nz

{aha= . tory -"-'1'-6:: wml-l‘a: 61325 D4 = 4. 696 PS\ = :--- Sce Conversion e
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* Pressure measureme.it- Okuic:.s s
ki chm}-rg . Baromeler ; Piczometer, U-shape wancweters
~ Mechaical olevices such ag Bow-don ngaqe(gunjc)

* pPressiuwe of Stamolarel Gncltions: 1 abin

* A“'Mas-*Fheﬁc Jagc, absolute , anol Vacuum pressures

Bl = % Bl = ¥ abselule presswe P,
[ mustk be TV or zZen ¥
= % % TP PJ ‘gaqe Presswe

Fr S B <o (Wwe hae Vacuum)

+he Vacuum Pressure is Mumap as . ?

Vac

a2 P

TF (P=-gy | 2 Bzl el (we have porfect
Vacuuwm )

Note that P :?ab;“?w + Thws wmeans Tk

the gage Presswe 15 Te Pressuwc Yelabive 4o M?\\mc
Pressure wh‘a’ W is Gakled 444 Qresswre ? V\A-uj Presswre. gaqes
Such as Bouvglon 9age ove qu‘;bm-kna s ruq.of Zers Presswe
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