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L1 Intreiduetin

Of all medicines, aspirin, that ligtle white pill, bas probahly been the most widely
wved and probably one of the most effective. As an amsilgesic agent, it bus long been used
to ease the pasn of arthnis, e eadaches, reduce fever, and more recently, o has been
ihcwn o than blood and prevesds heart mitkcks and strokes. However, it i o medicing,
and all medicines should ba used with precsution under the advisement of o physician, [t
14 kawram fo wmiiate the samach end can ciuse kidoey damage and death, B i also &
chemicel, and all chemscals, meluding water, ere tooie i not ysed in proper quantities
Aspirin, although taken inemally by himans m small quanticies, & mansibemred by
using many hagandos, loxss row matermls.

12 Ihe Praject Backgromnad

The Siting and the Process Analyss and Design of a Manufaciuring Facility Using
Harardaus Muterials in o Rosidentsl Community {The Mamifscture of Aspiring is o joint
coopermtive praject by Faculty from the Departments of Chemical Enginesring
Chemistry and  Envireamenial Science, and Civil and Environmenial Engneering to
introduce freshmen 1o design cancepts i peoblems. The Chemical Enginsers fhous an
the process analysis and design concepls while the Civil Engeness foms on Facility
alting and related problems inchading

=  Ymils o Polential Saes

#  Epvironmental Restrictioas

= Paliticsl Resurctions

# Epancanic Aspects Related to the Site

#  [Firal Site Selection and Plani Lavout

The Chemical Engmesrs are concermed with
& The Process Concepl
®  Haraidous Materials aml Healih Consideraiions
*  lopist — Output Flow Baies



=  Marenal Balances Around the Process and the Process Units
®  Estimaring the Size of the Mamsfacounng Plant

= Faw Mptemad Pequirements

=  fodlutles Abmement and Prevention

Materal balances concepls we introduced in the sophomone vest o chemical
enginoering. It o, therefore, very understandable tiat these new concepts are nol easly,
comprebended egpecially for freshmes who hive sever boen exposed (o this spprosch o
problem solmtion. However, expersences have sbown that with saflcieinl gusdance, the
freshemen can sodve the presemed problem snd hawe an demstanding of the problem and
ils s histion, and i, bave a very meamingfal, design-hased expenence.

This workbook Fallows the concept of a Freshmas Chemistry Laboratory Warkbook
and is developel 1o guids the experiensed shatdoms, step by step, througk the process
mnalyss of en aspiwin menufactunng process It is sogpested that the siudents wark
ttrouggh the workhook, as teams, and cooperste with sich oiber fis 8 meamnghial learning
et e Whimn tetfizulties are encoamered, they should consult with their instnsctor o

clarify the probiens hefore procesding

Ini peakcing the caboulnteons and deawings, the stedenl shoulid spply the lotest svailable
computer fechnolyy sach e EXCEL for the tabulaisan of the datn and calcalations snd

use graphse programs for flow sheets. The repost shoulil be wiithen with a wond processor
such as WORD In this mamner, ot the conclusion of the course, the siders s
progressed very well for & one-semester course m Freshman Engineering.



I Hachgromnd and Hisiory

L1 Prepure 4 short histary Basend as the literature For aspirio (68 pages, doulibe
spacad]
Wemar shart history preseststion should include
= The begronang of the oure of hesdacay umg wi low hark (Chingse, S0 B,
Hippocrates, 400 BC)
& e molathon of e potive ingredient in willow Bark close 1o 200 years ago
= The beginring of gynlheshc production about 150160 vears ago
*  The imeeduction from Esrope to Ameriea about 10 years agn
=  Tha presem day aspeom of aspeis prodectam
Sutng Reference
Abamn. Charles O pend Phammeer, Merk | “The Aspiria Wass ™ Havard School
Press, 1991



X Hamardous Materials and Health

L1 From the Materials Safety Data Shecls (MEDS) discuss the healih hazards for
evch chemical myed i (his process.
For eaample, for the chemical phenol, discuss

L]

lehalmisan

Skin Contect
Eve Coniac
Ingestion
Targer Crgans
Amute Eifiocts
Chionke Effocts

Hint:  Materinl Safery Dats Sheets can be accessed through the [ntemet as outlined in
the Appendin, Section 111 First aceess all of the Chemical Ahstracs Service
Mumbers {CAS Mumbers) from

“wwiww chemfinder com

and then access the MSDS from

il ot mesche/Arche: bt



4. Process Anadysds and Design of 0 Harardoes Subyiance
Manmfacturimg Facility

4.1 The Flow Sheet
An extesnive (low disgram for the menufacture of asgirin is available for review end
analyses (7,81 For simplifisation in this sudy, & simplifbed Bow sheet will be osed  This
sturdy i based an the Schmint madification of the Kolbe synibesis to manufactare aspirin
tacetyl salicylic aced) from phoned in 2 two step proceas wall be ased.

4.2 The Chemintry of the Process {Kodbe-Schimine Synthesis)

The chemical resctios 1o produee Aspirin (seetyl sslieylic acid) s a result of &
Pwa step process Evolving mamerous reactsans of maleraals The processes are shiwn in
Figures 1 and 2 and esch step is explaised by the following explanation

Siep 1

I MIXER: The mamifacturing of Aspinm begins when phenol is mixed with caiste
soda (sodium hydroxide) with sodivm phenolate the product that i produced in this
process. The chemical reaction of mierest is

20, HyOH + INaOH —» 2C, H,ONa + 20,0 i
jifnireal Bodfam sncfium  wofer
dnulromike heroloie

I AUTOCLAVE: The sodium phenclate that is produced is dried m an auindave w
fimely divided powder. The astocave is & revolving, hested ball mill, It apeTales

under vacuum 4l 4t § lemperabure of L30°C, Waler 4 removed from the process

When drying of the sodum phenclate s complete, cirbon dioxide gas is
insroduced under a pressure af 700 kP2 and o tomperature of 100°C. Sodium phenal



earbanale (s fofmed and (s in lurn reacts to sodium salicylase. Phenal is regenerated
and recovered for recyele. The goverming chemscal reaction equation is
20 H,00a 4 00, — 08l H, CO0Ma + C H,0H (2}

sesliuny caarbeur sindine Ip.!l.ru-r:.n.l'
Phenobe o salicyiae

DISSCHLVER: Waber dissolves the sodium salioylate snd aciivsted carbon 13 added
to remnowe color by adsorpion The solid scnated cebon B removed in o filier,
resetivabed and recycled

FRECIPATOR: The sodium salicylate solution is mixed with sulfisic acid, which
precipitazes the salioylse s, The chemical resction squation is

Ol H CO0Ma + Ho 50, —» OHC, H,CO0H + Ka 50, {1}
suwdimy uffric wulfcylic Aaclidii
sricylre ancted st wdfire

CENTRIFUGE: The precipitsie, sslicylic acld, 8 removed fom sodium sulfate
snluthon and sent o ansther drier

DRIER: The salicylic acid b purified by sublimation, sent to packing and Gnally
wHid

Step 11

REALCTOR: The slicybc acid is mixed with toluese snid scetic anhydrde and
relluxed m 8 reactor af B8 - 92°C for approxensiely twenty hours The chemical
rachion equation is

Tohiene

OHC, H,COO0H + (CH,C07, 0" CH, COOC, H CO0H + CH,C00H  (4)
aalicyiic Celic acehl selicylic AR
wacid arliyedriciy vl (Ao kel



7

The reactor elflvent passes through cooling anks and, bence, 1o 4 filter The
filivate m recovered and recyched, and ihe filer soisd, which comains the prodise seetvl
salicylie acid is semd 1o a washe The washed product is dried end packaped for sale as

VR

4.3 The Simplified Process of Manufacinring Aspirin

The Aow diagram fise Step 1 of the process i shown in Figure 1 and Siep 01 is
shawn in Figure I To better understand the processes, you may wish 1o write the
ichenfeal reaction squations und process action on the dingram
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4.4 Smplified Block Disgram o be Used For Materdal Balances,

Figure 5 and Figure 4 show the simplified Block diagram for Steps | and 11
respoctively. Dlock dimgrams show the mput and output of maserials from the chemical
process. You may wish o wite the chemical resction eguations that take place within
wach hlock
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£ The Problem

You, as o desgn team, are ssked to design an sspein prodoction faolity, The prooess
capedaly and e optomum locstion of a plasm thei must be designed depend wpon many
factorm Among these are

1. Avaslabality of raw materisls.
Waste disposal problems (Podlucios)
Armiier af finished product that is needed in the peojected marke
The share of this market that your plant can capture
The prajected year for which the design capacity is hased.
The process yeld and the process conversan for exch siep

2o e el

When all of these factors are combined, the design plani capacity can be
ealculsed



6. Estimatisn of Plant Capacity

The estimation of the plast capacity will depend upon the busis of calculations
For class unifarmuty, the followisg basis of caboalaion will be sed
Hagis
1 Design for Plant Capecity lor 20 vears oo the lsie.
T Sepl
& Process Conversion = [00% (Lise 1% excess of Sodivm Hydroxide end
Carbon Dioxsde)
b Process yield = 99%
1 Sl
o Process Comversson = 1005
b Proeess ysld = 995
4. Market in United Stxes
5, Assisme exosses are very small and do nog change soichénmetric relations
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il  Calealation of Plant Capacity

One merbod hat can ke used 10 determine plast capscay m & given markel i o
determine the population snd the per capds consumpiion becase Asparin i3 consadered &
rature grawth producs and depends ugan popidation

Gl Population of Uniled States
Prepare o Table based on literature dafs, showing the growth in the population of
the United Sestes. (Hint: The library would be & good plsce io begin your search for dats )

Tabsle 1: Grawih in Population of the Unaed Suies

YWear Fapulatian
[RUEE
1oy
1220
19340
1040
1950
[an0
1570
1 5840
1050



6.1.2  Populaiion Projection into ibe Fuiure
Grawth curves can genevally be linearized and lnearly exrspolated & shon
distance for estimation purposes wsing o semi-logarshmic gragh
Propare a semi-logarithmic graph showing the logarithmic U § population on the
Y-axis and the year on the X-axs aed exctrapolste for twenly years into the fiture.

Figwre 5 U5 Population versas Year

= | U5 Population in Yesr X

: ok

= [

| :

g i

:EL :

= E

i !

E'_ 1
e 1250 000 Vewr X
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An aliernate methed &5 w0 estimale the eguation ol the curve using wvailable limear o
carvilinear regression analysis asd curve {it programs such & m EXCEL. Any curve can
bbe murve fitted with & power series,

y=o+hy+ox' +os"+
The bigher the power, the better the G [n this case, use a quadntc aarve fii

FETEY. VT o

ol 8 Prpmabinivon = @ + & year )+ of e )

What 35 your squaticon?

‘Whai mre the values of che constenis a, b, and @ For itbe best curse and what are the wnits
ot &, by, aned 7

-

b=

o=

What is the statistical correlation coefThebes, 177



i |

The correlation coelficeent moasures the quality of vour carve B IFR? i rer,
yimir data fall en o perfeet cinede of ao comelation

M

irpt =1, the fit is & perfect straight line or curve fiating the dan




I3 yousr appraximation issing o gusdratic eqistion for cuoree it adequaie?

D you feel that you need o cubic or higher power inthe regresson carve fit equatam?

Compare your cakoulaied propection of LS. population for the 20 yesr prajection using
yonir regressson equatson with thet from the lisear exirapolstion of ke graph

LIS Populaton falolated from Regression Equation)

U5 Population (extfapolibad fom graph)

Per et Dl ;‘E‘a.h:l.ﬁ.nd\rllu-Ewml.ﬁﬂ\fhu!m
Cafculsied Value

Which value do you Bave more confldences (w7

Whit will be the 1T 5§ population ised in your design?




& 13 Estimste the Aspirin Requirements for the Projected Fature
The procedure used for populstion can be used for Aspinn production rate
Prepare a table based on Hierature values for Aspann production

Table I: U5 Aspoin Production

Yoear
1900
|90
1520
15934
1944
1950
5
1970
(E=11
15
20

Aapirin Prodwced, Poamds

20



|

Figure 62 LI 5 Aspinm Production

:.-.phluhudmim im Year X

Lag ¢ Aspirin Produsction)

=i +br+er!

fop{ LIS Aspirin Produetion) = i = bi veat } + o vear}®

What is your eguation

What afe the values of the constants 2, b, and © for the hest curve and what e iBe units
for &, b, end ¥

"

b=

What is the cosrelation coefficient, B* 7
.“.I s



22

Compare your caloualated projection of Aspirin preduiction foe the 20 year projection from
the regression equation with that from the linear exsrapolation af the graph

LUE. Aspirin Production {calculated from Hogrossson Equation)
Pouands

LIS Aspirin Production {extrapolsed from graph)
Pounds

Ver Cent Dilferance — —ueuated Value - Extrapolated Value o

Caleubared Yalue

Which value do you bave mose conlidence m?

¥What will be the U 5 Aspirin production used in yeur dessen”



G414 Altermaie Fstimaie of the Aspirin Meeds in 20 year prejections
For any given year, determiso the mimber of Aspirin tablets prodisend

Year X =

Aspirin Proies = poiands per yea

U S, Population -

In Yo X

Aspirim Produged = s  erson per year

Per Person Per Y ear

LS. Fopaleton -
Ie ¥ear ¥
Aspiren Meeded [n Yew ¥ =

{Aspirin Produced Per Persan in ‘l"u.r.."[:l| (LLS. Population in Yesr ¥}

| (U 5. Population in Year X)

Aspmn Producedim Year X Aspinn Producedn Year ¥

"US Populstionin Year X U 5 Populationim Year Y



el |

.15 Tablets of Aspirin Produced per year
Semrch the fersture to determine the number of mhlets made durisg chat vear

Year X =
Tablets Made -

Hiw many milligrames of Aspirias in one teble?
=T

How mrach Aspirin was mude that year?

Tablets | my I Ig r | paoiieed = poutids | yoar
||.|l:|hn Flmum;| 454 g

L lme thsin muarnber B coomparg with your projecied production rae

Aspizin Froducedm Year X _ Aspirn Producedin Year ¥
L5 Population in Year X L5 Popalation m Year ¥




6.2 Design Basis
Far 20 years in the fiture, how much Aspirin do you extemate will be needed in
the LI5S 7

S __pounids | year

uw_rgq;| 454y | kg = _kilograma/ year (kghyr)
Yemw | 1pound | 1000y

What share of this market does markes research show that you will be sble te caphee?
Percent

What will be the Aspirin protduced m your plani?

(Total U.5. Production in Year Y} (Fraction 'OF Mariet) = Aspirin Produced In Plant
Per Year

I:u| - ki
¥

!
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7. Determimation of Faw Moaterial l:qum amd the Producis
And By-Frodocts Preduced

The estimabon of the plant capsciry will depend upon the basis of caloulations
For dass usiformity, the follovwding basis of calculstion will e wsind

b0 Using the Diock Dhagrams in Figuee 3 amd 4 wnd tbe chemical reactions for Sieps
Tand I, liz all ehemicals enterng and leaving the procsss

L2  Using the prnciples of sioichiomeiry lesrned in Chemasiry, start with the noetyl
salicylic sced (Aspiring mads m Sej [ based gpon your plans capacity end caleulase all
af the muterinls entering and leaving esch step of the process.

Hint: Don’t forget 10 uie the %9 porcent yiekd for each process and the | percont excess
serliem hyilroide and carbon dicxide adided

Table 3: Summary of Material Bequisesents to produce kg fyr. Aspirin

Chemical Amount Needed, ka've



17

&,  FPollitios Ahaiemeni and Prevenison

W'hil wie the waste products for your process”

How do you prapoass o hendle this waste?

Suppose your process coald mot achieve 100 percent conversion, whal othér wame
prodsos would be made?



How wenuld you depose of these wastes
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ERscisy
wiar polhaiin
alber -
o n ahate
mile?mmmm
el praveniion technolig
¥ wOu eom
Wl use
[}
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erarifge

Filmrae

% Gloszary af Terms

the adbesion of the moleculss of o g, lquid or deisolvad
mahstance an o serface of o sohid

i closed wessed used for cooking, hesting, eto. by usng sicam
upsder pressure

& machine, which uses ihe cenirifugel force (o separate sodid
partscies of daffisrent dinsities

ihee Bueid phese that passes through a filler

i couse o sohohle substance o become imsolublo amd Cezslitaie its
separation

the direct converaicn of & salid 10 8 gas withou firg becoming a
Liruid
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1. Appendin

LL.l  Dhiain the Material Sefety Dwia Sheels (MSDS) from the Imemet for every
chemical used in this process. (Cantien: YWeb pages can change for up-dating)
1. Access ibe Chemical Absiract Service Mumber (CAS Numdber) for all
chemicals used in your prooss
|, {70 to the [nieme sime
www chemiinder com
1 Hir Erter
1. Type in the name of the chemscal i the space povided, foe
example. Fhensl
4, Click on Search
. Sereen deaws
Phenol | 108-95-7
fi Repead steps |-5 for each chemical used in che ehemical
process for the produstion of Aspion.
[ Aceess the Malerial Safety Data Sheet (MEDS) for oll
chemicals used i your process
1 Go to the Internet Sive
www ilph comdmeds'indes. biml fintemet
2 Fole Screen and click on the desired Internel Site
For Exampbe, tole sereen until vou come 1o
meaiks o e
Thes sie o sdequate fior your eceds s vou can use amy of
the cthers Bited, far example,
Carmell
3. Type in the product neme, for example, Phenal
4. Click on Sewrch, find it, eic
§ Many different compounds with phenod in them will sppear bus
the compound Fhenod ia nit shaown
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6. Role the screen to
ADD SELECTIONS TO MY LIST
T Type in the CAS Nimber
B Click an Search
Mote. You will need a Username and a Password, Yiwi can aceess a free
passward, which will be seni 10 you win your e-moil sddress Yoy can
change your passwird by fellowing the directions
2 When you have received your passwaord, type your Username
and Pasyward in the speces provided of the lefi of the sereen
10 Click on Lage=om
11 Cleck in MEL¥S Seurch
12, Rode the screen to
Product Mome:  Type in Phesinl
CAS Numiber:  Typs m 108-95-3
13, A table will appear with mamy differem sources of Phenal
14 Chck an the dessred source of Phenal endfor under the Plus
ik
to Chpen MSDS
15 ¥our Materal Safety Data Sheet will gphpear on the soreen for
the chesnical Phemod
16. Pried vour Muterinl Safety [Mazs Shise
17 Repent siepa 1-16 [or all of the chemicals used in the chemical
Proceis io manicfaciure Asparm



