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Background: What is Chemical Engineering?

= Chemical engineer: The engineer who creates
processes based upon physical/chemical/biological
changes. These processes may yield marketable
products, e.g., gasoline, and penicilin, or non-
commercial products, like clean air and water.

= Chemical Engineering combines the principles of
mathematics, physics, chemistry and biology with
engineering practices in order to improve the
human environment.

Chemical Engineering

Chemistry
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Chemical Engineering:

Basic sciences: chemistry, physics,
and mathematics; also biology
these days

Economic considerations

............ Safety: environmental impact and
employee safety

= Main difference between Chemical Engineering and Chemistry:
= Chemical Engineering focuses on the large(industrial) scale.
= Chemistry focuses on the lab (small) scale.
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= Chemical engineers as a profession, is barely 100
years old. It started at the interface of chemistry
and mechanical engineering. The principal goal
then was to commercialize chemical reactions
developed on a chemist’s bench.

= Top 10 chemical engineering achievements (list
compiled in 1983 in celebration of the 75th
anniversary of the AIChE):

1. Synthetic rubber 2. Antibiotics

3. Polymers or “plastics” 4. Synthetic fibers
5. Cryogenic separation of air

6. Catalytic cracking of crude oil

7. Separation of nuclear isotopes

8. Pollution control

9. Fertilizers, especially ammonia
10.Biomedical engineering

= Contemporary chemical engineering encompasses:

1. Production of novel materials
2. Biotechnology

3. Waste treatment

4. Pollution control

5. Energy

6. Process control
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= Where do the chemical engineers work?

= 45% do traditional" ChE: chemical,
petroleum, plastic, paper, consumer goods

= 35% do "new" ChE: environment, consulting,
microelectronics, biotechnology, materials

= 10% go to ChE graduate school

= 10% go to other graduate school (law,
medicine, business)
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E‘.'p‘kh“ - —— R
e extragolation \

How 4o estimate data for cuch Situations ?
‘?.or&;wm 1Cwrye &"Hﬂ_ . rww‘umz_*’l-l_ besh -cMC'\-iM 'd()ﬂ)
Hat Md bre date Wil swall emdes,

X Sonetines ; it s Fassible 4o measwe POLess Varid\e s Cl'\(cd-\d P
but wmare afen We wudk Yelabe one Vanalle 4o Gretier Hlat
VS easier Yo Weasuce = This is C&“goq (c;d'. bration ea(.-\:eﬂm'i-)
fom whch we can deuclo? One €4. Y‘clﬂl‘\h}One Variab\e ikl
 anether.
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(o)

X% Curve pH‘Hfg‘ g

suPFO_SC— owe j“\.ﬂvﬂ C&\‘{'Q "cOr g_ (&?gn&h'{‘ an.ﬁblﬁ>
Versus x,(inolcmo&vd' vqr;d-k'_) emd we wish 4o o@n‘U:
a mathematical EXPression Jor 5-()() L

— The general s*_m+t}-1_."

A Rlot Y Vs X on a novna | rcc-}qw?ufw- paper (lineoe
Scale. on both X awvel 3{_-4:(:.5)

A I‘F‘ Sl'm'gh'f:-. line “'YCna( C{WWS then

M % | ax b
q =sle = Hi'yl
Fr X2 =X,

b= In-l-cheFl' = Y, -ax
Where (Xi,4,) anel (X2/4.) arc two Point brat musk
Coincide on the line .
A Else:
B Guess a function oo YX) that £+ be olta
er'c_(«l-lgp( see funclion ‘:5’4'})
B Lineacge ttis funclion : 'plﬂun.'.. out what gielo{
a straight line ot f the
guess s Goivect
B Plot it and cee £+ wWorks
B If i+ works fiod te Onstants of tie Slancbion
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i A Conduchividy mele 15 used Lo measimre e (Bncentvibion
of colute , A, in an agueou s solution - e the iﬁ!iow;r}
expenmental deta 4o denye qin expression for Cal( K}

S;E-J'v'lcn

K : Electrical Cbnducl-iu.'ﬂmfcm) CASoluie G}mcm-‘-m-f-;mjh:if_!-

lo.o 3.6000
235 |2c0
92.0 44 .00
|47 FZ .00
36 [E€.0

‘?\o{‘ CA Vs K == Cali byatiown ?\c‘r‘\"

350

300

250

200

150 B

100

al ¥ i

0 50 100 150 200 250 300 350
K

co Straight - line Plot Ca= ak +b
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Pick up two powts @ Cancide om 4ne line :
LIk, Leay) 1= (B 2/3)
( .KZ.).. CA;.) = ( 3c0, ‘L\%B

o't:_c:\u?c_. = | Chz-Ca, = \H3-23 _ ..5.
kz—K‘ 300-5D
Cr=o05K+b

-I?:’ Fiaé! 'b' Cﬂ\ = O'gkl fb
2-3':@»-;)(5:;) +E = b= -2

Bol | Cal = 0-SK — 2

&% Two aqueous solutions are dl"d.l.dn fom two precess Vessel<
oneol Otmlva. Theivy electrical c...p!uc.L;u.‘Jff._ e, Lonmed 4o be.

k: 200 u,(;/c.m cw.p( K: 550 wts [cna - é’s#imql—c Sal+
Can.t’H\Lm“‘:uh} im both vessels 15

C‘q(zoo) S (0-5)(2@0)—2 = 92 mg_]l_

Ca(580) = (0-8)(850) —2 = 233 g | L

Since Lie mlq{-.'o..‘__sh'.? is la‘ncar,ljau Car st,-l- He Sae
results HSinj_Uncaw in-k—r?c.la,{'bm -£>r K=2e0 M(
hnw ﬂx"‘vﬂf’o [‘tl'n‘ov\ Lby- k-’: S5go .
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Ex: Linearize the -pollo-o.'ng_ e1g4-£?ou$ to get a Hra;jh-f: line Pla‘l"
oned how would You determine the Gnstandts a and b

(«) a‘(_:ﬂ.x +b
leA + =yVXx =ﬁ>g:a-l:-rl=

— ﬂa-“."."l : uix {-_
| = | FT s b = - T |
r 2 yl
= Y- d
= 1 b=y, - ayx
() | yH=12 L L V¥4 FPf
X
let 2=-y2 t.—.-..)'?. = =2Z=-at+b
A= 2Za-21 - p-z, -ak,
ta- &9
2 z a2
ooy | yl."'ul . b__.._gl _a__
oty | o At i
Xa Xy
b+ X

take Lie n:c'.?raeal of botl gides:

bl o) (bR [ [ L 1] g [0
Y ax a| X q
le#d == _L tF - D= Bl 4+ 0]
j" X aq q
) .1 9
LBl e | L e T B L[ e L b4
™ ta -ty I O A a
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(d) sing_ =lax [+ b}_
D:via(c e?'dﬂ"'iOM bg~ X1 1

‘5‘“‘4:4{-53
X X

leli | BNy iz £ & 4

b*_-_—_ 2"2—21 9““‘51— Sinﬂl
et (11| Xe X
_21'_ - Y
X TAT
h r=dill R btl - Q;V\d‘ e b yl
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Zz5

Ex: Gien Enhe -pallqn{ng__(i&';g) decta :

R EENNL IN!
o 1
1 2
2 9
B 28

Fincd tie best expression to relale X with YL v

Yix)='¢

=i ?Ln—l- lél Versus X (= 1% - i hormal rcciﬂmﬂul.'ur ?-’-vf'-‘f:.r-
+o see 'I*i: Erifﬂiﬂlﬁ‘l' line +'V'En¢;{ Grt')ixar.s or he-

30 I

»

20

10

al

0 1 2 3 4
X

b The dvedd 16| bli |l
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- Buess et bher I’HHCJ-':’GM ¢
Let us 4,..3_ 5"= oy 3 _l_lD

— lnearize 4=

led x3=+ = Y=at +b

H|| ¥ Eaxs
o ] o

1 . 1

2 | g

3 AN 23

ol 'P'm‘i' i+ 4o see '\-L (i n WorkKs !

Plot Y versus £ = X3
30

20

10

(&3]

t=X
So S*maj\-.-k line plat Y=ax34+b work

30
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= Petormine Lhe Gonstand a and b :
Choose £wo Rowts rat Goincide on +he Y vs + plat:

(€1, U') = (51 6)
(t2,4,) = (25, 2¢)

5: at 1—19 |
Ql= &—_g‘__:_%_é-_é_: edud MK
2 -£, 3 g - 20

Y= at+b = £+b
b = U,-'l:;:ﬁ'—S"‘:-i
So Y = et | = (X34

Check +he Valic!\} of express.sw bj_ -I-rdi S ame
Cfﬂ.“-a ?63\!\4‘.‘2 n}_
Yol = 1! | |y

g(Z): 4
y(3) =22 y
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Hax 'FaCu.ﬂnj— on E-XPonania[ dn.l! ?éwea- law 'pHﬂC.'L'ioaS s

T+ is Pound that Chemical Process Variables are
_ofden rtldrlrta( w kh ex pressions of the form :

i\

. . e
g, = q e, u EX‘Ebnwf{'_iq' -fhnc-éiOus
Y = ﬂ.)(b ¢ ’Pou_oe«- laww functions *

* E’_(?Omcvrl'iﬂ’ 'lcun_C'l’-_l'OMS .

| bX
Hows 4o liverize Y=at € =2-F|82%

dake \n of both sides ; lng_ = lna +b X

let z::‘lng_
= 2=ﬁlm_,+ X
Tlecept dlape
plat a.—.:lug_ vs_ % 4o fiad
a and b
fl | L1811 el

O o rlaeelsa

Note Ehat Ezlm} must be pler againdt X ow hor mal re clangular

Peper-
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* Use of ,oﬂ.qr'.-l-kmic scale ( lgg.. safc) 4o ayeid 3chcm{iv\.}
‘n} date. Cluvmmn -

bX
1Yyis |a e

'wzj_zlmq-f b X

WE Cawn 'l-rqr!s-fov-m I“g' to ’03.1 MSE-\Z’:
log_?_ — _I__"_?_ lhle=23028%

nlo

or an. = Inlo lcg_y_

arw/ lna = Inlo'ag_q

Thus Inlo 1033' = hlo log_q + bXx
‘D:v'.a!‘-vﬁ. bg_ Inle gives:

l9gy = loan + LR

lnlo

I‘P’ lb%l,l- i $ ?‘.ﬁ-“‘kj Own \u'nw Hh'\'com SCﬂ.{C add.|n$+

X on b linesr Mw'-llof‘m scale. ) 'l:lntM

glb?c_ - lbgﬂz_lo%!:i, L log,(':iz.!.ﬂl)A L

b

Xa-~ X, Xa- X, nle
b‘-(lm lo)(slepe Vqlut:) (1 NEAR W)

I\q‘t‘a‘(_‘g?‘\‘ = lo&yl-— .‘_%‘_;o il \oz_q P 4= 1o
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* How b}-&qua is built 9

3r 510°
2 410°
1k 410
S | |
= 0 410° >
o | E
-1F 410™
2F 4107
3L 110?

—nm_f.z ond 4o aua'.ﬂf ﬂﬁw%ﬁr} !og} 0'6‘-1(‘!t fb[umn; how , You
Can plot Y (w A houdk -\ntin} loa) ow lma_ seale ondd X
on |linecas il do L34 e.xs?anem#—lq{ funclion

Semilog paper

10%2 10! 10° 10%! 10%

Where n is an integer: its value depends on the range of the data

3
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3)

EX-' A‘E’XI'C waste ‘?Yhﬂ'-U\.C'l' 'F‘wa\ C‘(Cllc_m'nfql 'PMSS; A) I.S'
treated i o A,zd;ng_mk with a bacterial agent Erat
Causes 4o eachwl?o.Sc e

Effluensd Arom “‘IJ";‘-&M& @"xwt 'I"’_-?:“J"""

?lgi- widh High Low Ca
A

Mf‘ﬂ

Samgles are -ncm,wl draon hows Bhe veactor agmd am{y&cﬁ{
for- CA le.u‘.'ng_ +o be -fbllowin.}‘ea(fperimw oda :

£ 0mid) Ca rmel AlL

o lo.o

| §-20

> 2.28

L .30

-] ©.%0

6 o 5o
we wank o dettanine om eX Pression lor Cald) so we.
Can  dedermine Ehe lmlding‘\-kime. requira[ Jor Ca o Ladl
below s safe value o o0.001 wel L .

— Pt Ca Versus + 4o eﬂplor-c. the trend :
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9

8

7

6 ||
O 5

4

[
3
2 L
[ ]
1 ]
0
0 1 2 3 4 5 6 7 8

As Can be shawn in the gbave aﬁijmJ the oata are not
C-D'rn:_.la‘l'tﬂ‘p in @A bncar manne~. Howeverr), £he Curve |ooks
ke an exponevtia "A“C“J_ ; So led ys -‘-rg_:
Ca=a E,bt (the value of b must be hegetive Sinde
CA olecreases Lt ‘h‘)
—Linearne the selectesd funchion :

nCp = lna + bt
ln lo [O}CA = In lo Jugq s L+

and fcégC,n = !u‘?q + b

—

Inlo
—_— Use a eAtie.~ 'I’"Q.C.-l-qnﬂqluu- Hu'.-{bf‘m %g,r Oy f:-ﬂm'\ﬂ.‘.t;ti_

Puptn do See f tie seleckel funclion warks .
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¥ Rectangule— paper Pt : |
Plot laﬁ Ch on A linew~ Scale versus £ on a linecw—
Scale :
we need o generatt ln%-CA Coluwamn

"b)h-liv\ C-A Y Iﬂﬁl‘fL Iﬁ?_CA
o lo.o 1
1 £.20 o.392z 4
3 2.20 o-34z Yy
4 l. 20 o, ”3‘"‘
- c.ﬁb — Y Qqéq
G ob &0 ~o.30lo
1
\\
0.75 L&
0.5 \.\\
N
\(-_):KOZIZ
J \\
g N
N
0 AN
‘\\
-0.25 <1
0.5
0 1 2 3 4 5 6
t
bt

Note tiot tic Dlat is linear = () ma € 15 Covvect choce
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Pick “F Ewo Ponmts that Coincide on the line:

| .(-EUIOQ_CA;)-‘-" (o)1)
(4'1.) {ogC&z) = (‘4’-6')0)

SloPc:.- b L l‘-'-g.CAz—-IQ&CA, L lbj,tﬁzlcm)

Inlo ta ' ta - £
L o—1 1| (&)
H€—-o #<
o b= - o-soJ —ve Valye obtained os expecu

In-krch-l- — ‘og_q = log,C,ql-— _'_7_ £ 4

lnlo

sl = | |Te-8et () | 1

v o

_o-sol

t

aOr we Canw Use seu.',-log_ Paper without tle neeel ef
Qa‘&akw'ﬁv\ca\ loc&_CA Aot < Caluimn
on aseu‘._l.a} Paper Plot Ca on log_-sc«lc

Vevrsus "L— O Ia'h-eaw- S-C‘\.(E:.
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Dr. Mohammad A -Qhamx\a}‘ 3 =
\\
N
\\\.\
N
O< 10° ~
SN
S
10"
0 1 2 3 4 5 6

t

45 shown in fle 'Plﬁm o livese— Plat is obtamed which
wchcedes +rat e Lx?om-l-;tﬂ Lunce Fiaw wovk s well.
o Hued | He | Conglacts [ a ancl b | pick hWp bas
Pouts that @;nc;aﬁe_ ov e line |

(‘I:'HCAJ = (2.4, 3)

(420,CA2) = (5. o-e)

5‘“?'3: {iﬁcm—{ﬂﬂ@r_: lag(CﬁL]C'm)
b'?—r't1 l:"'*—*‘:—l
iu}(b-éf—ﬁ) s b
5§ —- 24 nle

= o= HQ-SQBI

Iukvfer-lr — ingq — lt‘-g,C.q; - l T I‘:‘j?) “'_:_fi:'l-n
hila inl
-0-5ad

oo CAl= |lo e
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Now let us answer the Sccomel put of Lhis examgle :
How lo.nj_ will = fuke for C, +o ojro? to o0.00f Mmel/ L
-0-5al =
Ca = lo e
—o-58lt
0001 = lo e

ln(o-oo.‘l) = lule - o.501 £
=2 t=

InClo[os01)

O-502

= 12:3 min

-r;‘g_ 'b use linear— efx-l'rqPolq“'ibv\ +o 'Pivwl 'b at
_CA =0:001 withewt TS newmlinesn— Crnrve ‘Il“"“'ihg_:

+ Ca
ta-ti | o | E-1) tz =5 o 2 =Caa
Chx -Ca, Ca -_QA] t\ =6 o-5 =Ca,
t =29 0-0061=Ca
B¢ [[[[[E&
o-hreis o-co1—o_-_5

@ ‘t- ey ?"GG WA
as You see Lo.rj._-_ illercnce. between tWo e ocks |
So I'F 50)* USC linean Q,X"'WA'?Q{‘\L;QM tle CA will het-

reach sSafe vValue .

COV\ClMSiOV\‘. Ex"’?“f?o\a:\-hm / In"ﬂ"?o\ﬂd't;‘nn smehm
\s ﬁsk?.
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% Anothe~ adwn-i:-dc. of ch sale i

X% When Vanadions in X eor - Values in Some field are much

Greeder B auother Lield wiiin tie oOhta YAnges., !aj_ Stale
Ir'L'PMJ-M‘H- these Vanations 14 A manner wmuch bedler thah hornaf

E-qulc. ?

Ex: mFu&ln'l" 6n 4 ﬂ"‘?‘f"‘ the Vadation of }u;-lh p ! for the

”Fnunua'w\g_ olat=
X g
o .ol
1 ©.02
I o-0%
3+ le.o
lo Hoo
12 Qo0

G"‘“FL‘I (1% rt;-tqr-uﬂufw ’Pﬁ?c,r-f

1000

800

600

400 L 4

200




Dr. Mohammad Al-Shannag 33

Since Varation dt the baa'm'ma_ of Y ﬁhﬂ-r_ is much Smale
Ltianm that at the end st Y mw}e_ i+ 15 beter s use
lm& SCale -Pm-— j_ O«J k’u? Novmal Scale for A Since Vadatious

in X Volues are naet+ So la-ﬁa'c,:

10000

1000 *
®
100
10 ®
>
1
0.1 5
°
0.01
0.001 @
0 5 10 15
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* pPowesr law -pvlnc-‘:.iom,s :
g_ =R’k )(L’

To Linearize take log_ of botin sdes -

'93-3— = logﬁ+ b luﬁ_x
=pslope= b = logy .- logy, _ log(Y214,)
l"c?l(z_(oa_x' lﬁﬂ(xz/x’,)

In-lra-(‘c«?'l- = Lg_q = lﬂa_gl . blogx,

=2 To Ll the S(a?g auJ inkr-c.*e«pi' :
D 'pl,o-i- L logl} Ver-Sus Io}x O r!.r..-l-mj“[w ?wa—
or A ‘Ptcﬁ' { g~ Ver-Sus X on loj_—lc»g_ Fv‘?:f" v

log-log paper

] Ul{+2

| Uk+l

10k

] (-1

] (k-2

| Un-z | Un—l 1(m 1 Un—l—l | Un+2

Where n and j are integers; their values depends on the range of the data
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EX Py I‘f: j_s. ‘Fﬁuno{ 'Lr‘bwu Some MEASur"e»MM“S ‘!:h*'l' NMSSCH‘ Number

Vares wrbin Resnalds nambev acconding to the follasiag
dlata -
; Rﬁgﬂoldﬁ Number) F?C Nusse [ hm—b@v‘) Nu
200 2.3
HooO Hq.-00
200 5.€¢
looo £.30
2000 &-qo0

Derve om ex?(w.'om 'af°" NH(PC)
D plst Nu versus KRe +o eXplare Suitable -ennc4;um;

10

9 ]
7
| |
6
n
=] =
Z J
4 =
3 ]
2
1
0
0 500 1000 1500 2000
Re

I“: fs No-}- l;ne-w- ‘I'I'Ey\.o{, H‘ I,ookj 'akc ?O\dﬂv' \qu) -Biqncl'.'uu
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le4 ws 4‘"3_ Power law -?'\aw\c-l-ioq:

&
Nu = a Rg

Linearize = lc-g, NVu = loga + b log, Re

To see i Power laws velabion warks well’, plot-

lcg_ N VS . \oca' RKe o rtc_—l—qnamlcw* Taper Oc
Nu Vs Ke own LUA’_ lot‘a_ Vaper

E P Ft’ec-lmﬂ...,(w- ?q‘pw .

1

0.75

log(Nu)
o
[¢

0.25

0

2 25 35

log(Re)

it gves linesw~ bt = Nu= qub Warks  \Well

Pick up +wo paiats otk comcide om the bne !

(bg_*?ﬂu\ﬁg}.lu‘) = (2"1) °'5)

( \of}i?e‘, log, Nu,) = (=, 6-85)

ﬁk?e 2 [ L ‘Sﬂ Nua — log Nu _ o885 -0.35
189 Re» - log Ke, B~ 2.4

Ivrlc-cc?-l—: foc?_q = L‘-‘ﬁ,“m - b!o?_Rr., = 0-5 |- (0-5) (2-!1):_ o-+

= 0o.5
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2 4= lo - o2
-5

= N4 = o2 K

3

log - 5 10 —
A log h} Paper 2 ~
7 ==
6
[~ I'
/
4 7.8
/
7
> /
Z 3 //

/

/
2
1
10° 10° 10*

Re

I+ gives e ?l:ﬂ? = ?ouoe-v- \cw \'Elﬂhﬁ-ﬂ wavrks Wel|

Pick UP Too Rods Lat Cojncide on the line
(Rew Nuy) = (leo, 2)  (Rea,Nu) = (400, 4)

Slepe =b= Iog Mua-loqiuy _ log (Mual i) loq(H4(2)
log Re. - lQ% Re, Tc_;( Reo| Rey) \Q«'}( Hoo) \oo)

= leg2 Ll ble
\.ot&q
Inqu-cov‘r = lmaq - lo% Nuy — b\oca Rey, = \Qch-z_... 65) \0%\@&

= =2:64%F 3 q-= lo-a-(‘ng‘* =

= N = .2 Rc_o.s

©.2
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% Remark : When You usc log. sole do NOT 4ak the log_bf-
the data Corresons to that ccale:
Kemember ok Ploth; lag_(\h(v\e) On_ov-imal scale.
LS qu‘.wlm:l- +o "pln-l'l-sn} Value own lo%_‘.x‘qi.e-

Ex: A Plet of F vesus + Yields a line Lhvat Passes -Elwonﬂl,,
J(;lﬁc +‘\OQ ?de's t ("_[/-F,) = (l;)o”\-’-‘i‘a) ﬁh.o( (,‘t?.)-Fz)'—'-
(30.36-@524) on

(51) SEM:JQ} ’P“?e;y— (b) lhg__log_ W'

for each cuse calculide He eq. Hiad eltes F ond £

(a) 5,..,;.101 Puper = logF or IME Vs £ gve tie linean

ot = b
-F: aqac

E = lha+ bt

b = slope = laFa =l _ In(felF) _ ln(o057?/0-242)

bz-— 'tl t'l-"'_t] 3“"' ls

PE. —ellBE] I

Ink-ce?{- = lng = '“F;-—-btn = In 0.292 - (—o-“‘SS)(‘S)

=0.-52I%4
5218
@ gLl STIr L e

& : S
c,o—r,ml.‘_ 9101&"!00\ L5 s -.C)‘“gst
F= lLegs e
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(k) lo? l‘ég. W exN™ $ O}F Ve\vqu O? 'b S € s

b
| plbae bab ] | J2 4 I

log_-F = loc‘fq-a- b loﬂ‘\:‘

4 +Im)
leq ¥F. +leay| | o \D}EF )
JD T \ (‘f‘:."tl)
\o ‘l'-;_ -1@%_ ‘b\ Qg_ g)
7 - laa(’a-o‘s'zfl-/o 29
log (22 ]Is)
= — 2.5

£) = log o298 = (-2:5)leg (is)
lﬁgfl -~ o ’og_-l:; = blog_ | = 3—

2 41444 LEL L
F [2-4i4u Y = a= lo =

--2.'5
Oo





