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the wafer. The graduates working in this area
may be called on to identify reactions that
can be used fo produce the desired films,
determine the best conditions at which to run
the reactions, design the reactors, and
continue o improve their operation.

Some took elective courses in
biochemistry and microbiology and got jobs
with biotechnology firms. One graduate works
on the design of pharmaceutical production
processes that involve immobilized enzymes,
biological chemicals that can make specific
reactions go orders of magnitude faster than
they would in the absence of the enzymes.
Several others work on processes that involve
genetic engineering, in which recombinant
DNA is synthesized and used to produce
valuable proteins and other medicinal and
agricultural chemicals that would be hard to
obtain by any other means.

Some joined companies that

2 : :
manufacture polymers (plastics). One is
working on the development of
membranes for desalination of seawater

(fresh water passes through, salt is kept -

out) and for gas separations (hydrogen
passes through and hydrocarbons are kept
out, or vice versa); another is developing
membranes to be used in hollow-tube
artificial kidneys (blood flows from the
patient's body through thin-walled tubes:;
metabolic wastes in the blood pass through
the tfube walls but proteins and other
important body chemicals remain in the blood,
and the purified blood is returned to the
body).

- A few of the graduates went to
medical school. (Chemical engineering
graduates who take electives in the
biological sciences have a strong record of
success in gaining medical school admission.)
One went to law school. Others enrolled in
MBA programs and will probably move into
management  tracks in  chemical-related
industries.

* One graduate joined the Peace Corps for
a two-year stint in East Africa helping local

communities develop sanitary waste disposal
systems and also teaching science and English
in a rural school. When she returns,

she will complete a Ph.D. program,
after ten years run for the United

States Senate, win two terms, become
head of a highly successful, private
foundation dedicated to improving education
in economically deprived communities. She will
attribute her career successes to the
problem-solving skills she acquired in her
undergraduate training in chemical
engineering.

+ At various points in their careers, some
of the graduates will work in chemical or
biochemical or biomedical or material science
laboratories doing research and development
or quality engineering, at computer fterminals
designing processes and products and control
systems, at field locations managing the
construction and startup of manufacturing
plants, on production floors supervising and
troubleshooting and improving operations, on
the road doing technical sales and service, in
executive offices performing administrative
functions, in government agencies responsible
for environmental and occupational health and
safety, in hospitals and clinics practicing
medicine or biomedical engineering, in law
offices specializing in chemical process-
related patent work, and in classrooms
teaching the next generation of chemical
engineering students.

The different careers described here are
clearly too diverse to fall into a single
category. They involve disciplines including
physics, chemistry, biology, environmental
science, medicine, applied mathematics,
statistics, computer science, economics,
management  and  information  science,
research, design, construction, sales and
service, production supervision,
and business administration. 4
The single feature they
have in common is that -
chemical engineers can be v
found doing them.
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To learn more, visit our web site at www.d.umn.edu/che or contact us at Department of Chemical Engineering,
University of Minnesota Duluth, Duluth, MN 55812 (218) 726-7126. Send email o che@d.umn.edu.
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What Chemical Engineers Do!

Last May, chemical engineering
seniors at UMD took their last final
examinations, attended  graduation
ceremonies, threw their mortarboards
in the air, enjoyed their farewell parties,
said goodbye to one another, then
headed off in an impressive variety of
geographical and career directions.

2 Are you thinking about following

in the footsteps of those graduates —

spending the next few years learning

to be a chemical engineer and applying

what you learn in a career? If so, it is

a fairly safe bet that, like most

people in your position, you have only a limited

idea of what chemical engineering is or what

chemical engineers do. A logical way for us to

begin answering these questions might

therefore be with a definition of chemical
engineering.

Unfortunately, no universally
accepted definition of chemical
engineering exists, and almost
every type of skilled work you can
think of is done somewhere by people
educated as chemical engineers. We will
therefore abandon the idea of formulating a
simple definition and instead take a closer
look at what those recent graduates did,
either immediately after graduation (or
following a  well-earned  vacation).
Consider these examples and see if
any of them sound like the sort of
career you can see yourself pursuing
and enjoying.

+ About 45% of the class went to
work for large chemical, petrochemical, pulp
and paper, plastics and other materials, or
textile manufacturing firms.

* Another 35 % went to work for

= .’ government agencies and design and
‘ consulting firms (many specializing in
’ environmental regulation and pollution

L L L L L N L e T T R T 7%
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control) and for companies in emerging fields
such as microelectronics and biotechnology.

+ About 10% of the class went directly
into graduate school in chemical engineering.
The masters degree candidates will get
advanced education in traditional chemical
engineering areas (thermodynamics, chemical
reactor analysis and design, fluid dynamics,
mass and heat transfer, and chemical process
design and control), and get jobs doing
process or contfrol systems design or product
development. The doctoral degree candidates
will work on major research projects, and
either go into industrial research and
development or join a university faculty.

* The remaining 10% of the class went
into graduate school in an area other than
chemical engineering, such as medicine, law,
and business — building on their chemical
engineering problem solving skills.

- Several graduates went to work
for companies manufacturing
specialty chemicals — pharmaceuticals,
» paints and dyes, and cosmetics, f

among many other products. All of i
these companies hire chemical engineers
to design and run their production
processes. To remain competitive they have
to pay attention to such things as mixing
efficiency, heat  transfer,  automatic
temperature and liquid level control,
statistical quality control, and control of
pollutant emissions.

- Some went to work for companies that
manufacture  integrated  semiconductor
circuits. A critical step in the production of
computer chips involves coating small silicon
wafers with extremely thin and uniform
layers of silicon-containing, semi-conducting
materials. The technique used for this
process is chemical vapor deposition, in which
the coating material is formed in a gas-phase
reaction and then deposited on the surface of

J

N -

&

! From Felder, R. and Rousseau, R, Elementary Principle of Chemical Processes, 3ed, Wiley, New York, NY, pp. 3-6, 1999.

+

Z

I<IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIl\\\\

S
//HIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII\\\\\

/IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII(‘.ﬁ7

7/



ol | digo (5SS (5921 (21355 oS uag

=
=

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII///

OlRiS 40 SwodlST GHS1

"y,

ouwS>

S & 45 5 ol SgnlST G ] o s oSl Sty sl 45 gmir Bl 5] 52 035,
@ Yl 5o Lol Ll 4y dlie (] 10 4T il 00,5 s b oo oy o olBiiils 251 0 a5 SwolST slo
SllamMe .0 15 1,8 dxg5 5,90 o olBils jo wub a5 el b y5,0 51 SeadlST S 00510 1o LT ciaail o)l
i n S pole 5l e axls Sloy ol 5 69,25 51 350 sl 00dyl05k ole Sy st 4wl (oo ¢ O
a2 Js load (i ol Gl ol IS llaxdo 1o .0alSh sl allaSs av,e 4 ) jeie wuls Lyl
Sl oo 4 8y ole ol (sgu 5l LT 5l ol aseel aSl 55 Gllas 0,5 o Jodljgiws cpl 5l oS

093 5 50l (265 qaallo b alKiils DI (sl 4> DI SoolST D1 gudS (E3lg

PRV

2 08 Cesl pspde (nl 4y 093 48> 090 o0 Dgume (sl ady DI gl asgerme ) plils U
ot S ol (55 Gl gl g aBl il gz anslr JUE jo (W Colgts el g9 S i
DL g S Sl )0 g Cdre K6 4 aSST eas 0,5 )18 amals LS o 6, & g0 4 SIS

oateia |y (b5 Sl Al oo la (5] sl a8y U1 iy (6 dnnio IS L plo Bjs JSSes
Bl o be b (g (nl aes (5900 (IS SN sl WS (0 aS 005

23y Sedstune (gaig b (100 4 el (1S 4 az gl Blail guinly s 4 gl oo (g, S
] ) (St Sudgiane g (olb Ll (39

51 SodlST 3 ! el SooolST 5 sl ks oSl Sty (6l 45 soter Jlono 51 S
@l Blaal I (S a8 Gl asis o) S atugy o8 4 gl ail> g0 o] il aslr seges
sl e Lace o wb Lalasls a5 conl oas wib oo galyz 50 @S gy e Lbjael 3510 unils
s dalgzs olg, parde (STl E B geisls Y gl

Aok § x> dod d> ded (5,35 0 a5 ] Jlie g olBisls J3Is 5l aitee Jle (g0l oons B o oKl
o i 4 SaadlST slo (BB w5l losb bl b olaj ool JUS 50 wliwlie . ams o Sipjd (592 oS
33 e ob)law slo allie 18 sl Lle (o slo oMbl caol (L 5,10 5l sl (ale il o )led 5,55
il alez T 515 )5z a1 b oyl oletils 5l aals il

&0 b oaiy] 5o Canlsl 4y 0985 oyl (6 50 (o5550] sl b jo (BT Eaxs ol S (6 ST
Caslsl 3 (oSS EDpani 5 Col arwgi 4y 9, o (Bipel aSol 4 4z b ol el azlse gyt sl
wolg> 51580 Sl G151 6 S ol S Sl cnl 5l i VL ol 4 SeeolST sla (ST 0y ST aiinn

Copde S Co e oRiils e o 1) SLAWS! wily co BT o s daliy G obnl b e oKils
oS3l 4y I gl anlyy Lo ylosles o baylid, culam (gl Loyl oo Caslyl 5 mlolid 5| ol & jle S
e 51 5o BT g pye 0590l oS Lai |, g3 IS 5 Shas azis] Lyl s o aiilen b oS o SaS b
Bl ass,be blpl ol el (dos Il cnaizr g ol asliy (69,505, s a5 99, (o0 Jlod 4 Cu e ol sla
hygel 5 (BN cMane > (sla by, o arg; g o i a3 (6,15, slaaS (3] slaas

il oo 31 38 (B SIS il oF &5 INSKuo

0s® 0575 o ohigel asliy atile jgel S5 5o )-*-*-’-"l* LT Sz o Inl o Jle (ipel p s Lol S

Iy olfisle oMo aly; L 90,5 Jo 1) Jle (hjgel Sin (lg oo lgmmiils 5 aslul 2038 092 g (yolo

3 el (53,50, 1 g gy ASLs gy Sl LT L §5,5 gy comir (S ,9) 5 035 ka3 4l
Sl Lgol.a.’.lj‘

igel g owyd Gy el 155l »olKaslalic G wlRails S 5l aS ol S5 5lge cron o S

5 20k ol 05 o IS o emiils g oliwl BT, 18 SO5elgiasl Canliw o dac o olKiils o

Pl o5 1 Sailsinl 5 ool 35 ot e 51 2B 551 S KaslST 5 pale 311 1 5 50l

@ b (2Bl iz a5 Coul plae gy Sl Gl 6558 (ezmiils (b pdy g (oole e lacl i

e e e e TN

LR L L R L Y R L T R L R L L T R L R Ly R T Y L O Ly L L T L L L e R L T R L L L A R A A T Y TR L R N7

Q
g

3
G e e R R R e R R e R e e T T T

+



| Syl 688551 (50l wdigo ole poz]

\\\\IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII///
Z

1y,

. D9l g0 p3 5 Jb (g2 et
Lol Gl o elaizl g (Soyd 9 (6,58 5l 5 woz (ol amslr slo obgy Bime cacldll e oKl
Al i 905 bg S opl Yoere g Conl eloizl aias (sla 09,5 g o 18 oules 095 Sl po o 4 oRilo
S golasl o, g L S8

Olged o9 asl .5l cews jo |y by oBisls Jae JICU1 auas (slo 0,5 cpl aS sl o1 1l o IS Ll
eY Gl Sbg 5l ol Gailesl 5 Slpl sle olBiils o 0l 5L Lol ases .ol oo oyl ) y0 olKils sLas
| 09 A_i..m)lST

5 b @ly osill olo b b Slpl anel> ) 50 a5 0sd wliS jalan] wany ol Ko o 4
o Soldl o jlo b lo pis il sl Claine b slo i Ll o )lo 0925 (golal S5 g (65,99,5
Slo i ) Sl (5 02 5 i 50 Ole 03l ST Qe Sl A S oo 1 (T eyl o
e 5 o)l ol pl o eleizl slo 095 g p0en

Olnl anelz (55,5 Ol Cannny ;05 S 35 W)l Lo b B Jalal g e 039l 0 Lo (gos) (s s
sl Gog az e 05 Jlos beol 5l aub 1y ol jo olSails oMU iy )y cidles> 0 995 0 porins 35 |
20 eudles olBiils slo Hbg 40 55 1) ol BT Liedas gy i ilgn Q‘ﬁ’l Al ez sy Sgy0

& ygeme 1350 A 05,05 1y & yalpe Sl 45T Sblga cail sais a1 L olSiils aslawlie caly S9x8 Lasl i o
SVl gl oo gl old el (Ll w0gd oo plo Sl WS aies Jeamd dalsl g ol ba oBisls 1l o)y
o8l aSul gy uuanlis aisgal ils 5 gziils olaad jo oS 0, iS o log HLal g adgs bl g esl o
G5y 5 A8 5 (55158 4 5 BLAIST 5 Line 5 ,Sa5 adgi @y (Liogs Kool ol3T cermlo b cnslie il Lo (slo
CoubS atls 0lg ced olBiils o 0,8, o 4 oKl sla g0l igd 3350 (Kipyd g clos]
nled (S olaizrl g (6,58 ol ar g auas )l ) )5iS )5 (gaig el S8 5 (S
2 e 0 Ghe 9 05 Ol g ploliad el plalRails ) als b o 1 cnl 5l ol aiges S )ls 352
aali g alKails S pae Sl g mb sl oo, 5l ole s S g ede Sl slacl § lsasls le
25ls o ol ST e oy 9 00, 4 e g Lo 0dgi 5 555 ple 5 ol g Jelod 5 S 6l ole bl
oBiils sloaisT b g b g, da,lisle jo Jom5 5 Ol pdd o0 g 2isSs eoliul o 45 o2 dgamme SIS
)1 352y (b (g sl oy el sl 392 4 1) (lnl e (3554l

SwodlT 90T pllad 4 (Slobusls

&l il (Byb b il GLal azen od wls gmiilsl L sle olKizsls 5956l (g0l el a5 ol AL
2 oyeel 5l e oS pllas a5 cames o .l SleMbol g Dloglan  Siin 3)ls (25ls 5 b yme 5l allas oyl a5
b adlae o 1 51 gmisls oy oo oY (90! pllas aS sl Sloglas sla 4SS 4SS 51 gmiils ad LSl o,
L g be o (8 ndy SeaslST pllas slo (538 iy 0l b agrlsn 3o MBI 51 oy Lo g2 9,505, sl cailinlie
C e @3 pludl a4y S > )0 Lastin g (o5 goedils 4y Wl aS Cowl Sloglas £33 50 0 Cawd
(39S Sy i g Judo S8 it gal (6,58 pllas S le (BB g i gl b 6 Ko tél.ml Soisel g
a5 oize Blaal 51 S50 (g)bews 5 Joe &)l a5 ‘u;L""f Cedlae Sl els oo ojgel oS MQLQH
D91 Aplg> 390 0 Cewl a8 T 103 a5 a6 malgx> S chigel gl pllas o sols Su il sle o0, Yo

S S 3o g T3 008

G o o Fwly dcgase 4 Joud gl Lcwl 15 S0k g 00 000 Dul 4y oSl 0 (6,5 Cu
Ol ol oo mikae iyl jo aST Mg Cnes S o olRhg,8 5l s (e oy Ll 0uls (sl SV 5
Tams oo aslol 09> 1938l 59, oS S g bl 4> 5 Ca axala 0 0lyd (pl 0,515 a5 ]

olStils S1cal lnl 5o Sg7se (i 5 35 peme pllai g Jle 3jsel 5 VLo 2o Az ]S S0
sele o ladm 5 paass s Slss b le (i S 5 oS IS SeolT Pl L g (B, Lulyd o b
olSils &0 ol 55 w09 59k 5 ST (5359 atail g 359 ple soges 059> Glnl 3 ST Al JEse 285
oBilg ;8 5 Sl wialss B (il JUEl g i 9 (6 55l55 5 BLasST g Igiome 5 CodsS Jlis a2 2350 g Lialas Lo

S Gy 4 5 285 wilss alols (55950l Jin (6115 05 5 (S 09,5 5 (2,5 alddle 5l g ol wimlei S o

\)
G R R L R R e e R T

+

{/

e e R e e e e e e e e T A A T

\\\\\IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII||||||II|||||||IIII||||||III||||||III|||||IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlI



\\\\IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII///
2z

ol wales Ly golasl Sav g gl 79, 5

1y,

9umild g Sliw! Akl y
a1y abaly cpl olRiils jo be cased a2 .Sl &8 alaly o9 (6 onims ST goiils g oliwl (g alal,
Cegias 5 o)l 1y Slel3 ol g LUlg sbiol sl bl oSy SalS &35 55 a3 ails oo 1,8 lazdl S
Sy 90l kel 51 Sle ©jad alaly cnl Vgl (3l &y50 ) 395 sl 4 o1 U3 o |, Slaas
5l gl o alaly (pl e (G558 dansl jo LU Seuncs Slpl ol 5,108l IS 5,5k 4 5 5,0 ,0y 4

FauS o aiolys |y asllas 508 § Soanss

35 a5 Gly (o0 emgllae Ll Sy e andliaiins LS g je0 4 Dp08 Ll 5l 5 c2ls el aly
Wil SoolST M3 g o3l Cdyae polic g sole slalun jl atwlgs i gmidly g olbiwl adal, o
Olgzsils SS9 (yme p 2] (o (o5 WS (o0 9% s la (B9, 5 Sike 5 Gl S 4 g3 Sl
5 o5 dy 5l (st b 3 |y lismatile ol (slo (S8 sy 9 oy g 0 el 5 05,5000 15 (950 5 sb |
Sste JB pliol gl cale @3liT g S g 2 5 plgzmils (Y 5 S5 Sbsy sl

asle &,ad 5l Jaiw Laly, ee8 wals «SwslST py88 cpl gl @ al o,lil gwye 4 aS jgb les L
Fo bl alRiasls S0; slad 5 SwolST plls s oo o] cde ouinn Lg)tlf) PRI WNY
Coidd gl iy g Dol oS> g by lsll g Ll g S )3 0 5 ool o wlawle Salke 5 (golawil
e 03,5 Fgy Lo celazz]

SUSSTy (bl sla oyl 5 25 Lo 4y g sl ixbio sla 29 4 (oode sla azms ;0 5 a5 0 L
s b 555 b ol 5ol sl o 85 Canls i 5 2 5 S8, By S lymls el Sl
o s Ol lsztils Jlad o8 Lis L a5 Casl (gl 4% 2 5 Connd abyb Sy (5,050l gm0l Vel il
oS LS 0 500 Oylee agausl adls (6 Sy adgail jo g oo (0 seges 09> A Lad L K00 (sau 3l 0g
0900 slo asbi 398 9 (9miils (S0j g (elotzl g (Sov ) sz g oz a5l oKl (6L (oom) o
Ol 5 558 ol3T 5 (ol Ll piline 53 segas 055> (nl 0yl (pgmtils la ezl g L 55 gz 355 5
Sl bl )l g

(wdlo g guwl) oyf 991 S0 BT g BIREIS o 40 ks CElno

e ool 3 o (S35 o 5 et 45 A5 o ol |y 055 gt wiain 45 Sl B 5 S8 ale
057 (Bl 2 4295 g Sl 39290 (g ()T 5 gl pll (IS Gl ooz lz 5l sgm emdle b
odal yo 0, 4l Jo Gl o Glgizee LD g €Tl padeio dine lplo 4ol LU L iegs cpl L
€Sl oo pudats SodlST olfitws a0 ] &8l 51 (sose 000 810 b

5 s 3], 50 Altee (pl sl 00l pandle B il 1l SoolST 5 alRiils Jils o ol Clos
4 2L el o0nd gemmiils Slidod dax § 1 sade O b gl gla 5155 dd ogad 0 (pgatn
olamdl LYo &85 am plg (o0 iS00t 5 (oele B g o 4] plgamasls o5 (g )loS Slasge 08
039 sole Blow o Hlen b QI zuls zug s Yleinl (g )lid )3 cpl aseil g conl alilas Sl ole cdlas g9,
Dgr Arles g

3907 039> 39 wailul Sl BES E1gif
BB, caslgz o colsl NS (0 890 4 jga g owlid C8g pas
sl gl ailg s 0ye S0l Ly e Plowo dy i3l 5 50l loj ST 3¢
Sl oS Gl sl cogas WIS JSis Jixn o o Jailinl gla Jad o polas yiidgy s
Obgzeidls Ope P g emd 093> SIS g, 3l colaiul
G35 ()l b Blgl JolS el (oo 0508 s ) D390l oo s s 3l 655
s 3 azil g oad o, Cdllae e canls 0gu
4 ale (69, 008 oy YL @ (65 (sl 0005 gla5 )| 5 Sguy oo Al o b3
VA 51 YL L Y e 0 y05 lacl ) slitel s gomiilo b dile e alayl ) G cpilas

e e e e TN

L L L R Y R L R L Y R L O T Y R LN AL Ly R L T L L L Y LR L Y L A T Y R L Y O L T L L T A L S A T S T TR T )

N

g

3
G e e R R R e R R e R e e T T T

+



. | | | Syl 688551 (50l wdigo ole poz]

\\\\|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIH////
g} 3900 39 dilul G 2L S &l

Sl 5l gls sl JolS 6 pod oS jalaie a4y oo a8 pdy allae (yidilo 4y LaST SMass (b goxils ol
aily 6,9lg g b b )| b5 dlle ) e j0 4 0gd oo il il o ol Jds a5 el <l s,
Lol sliwl sage 4 (5,915 CuiS g 0529 LA sl aslail o ¢ b bl el 655 Al g il
sgeze w0 g |y g5 oolel sl Al ogul sy sl Y ley (98T WiiS B yo Al sy sl ales
Soms |y T ally 559l58 cpligmatils slo i o, b Sindy b U sl oSG & o250 B 15 0l mal oy
alawlie a5 gmiils cod,b 3l s o pdy aslusys JSiw slp Jg el dlaie J> ol hgy ol i
Gilw o8, g ous %
6‘ %—41.49 le.&'b oo
Alie odgs sl yl5sl o 5 5l ool
Jol Hlaae a5 alil g ] o CLS L dlie JolS daz 5 5
Ob) Se 3l G 4 (Sheg SIS S )l
Ao, g dllie (B2 g >
3¢5 ol 4y 1,550 oals Ol> dllie g &SI

1y,

@b Glaie bouds dez 5 OUS &SI))

355 b 4y Ladd ol goeiils gl a3l

Do b gadod 10 o8 )lik gy giils dllie (g5, 995 pb ols I3

o OMoxe 0 Al Gl g o pdy Sy Bro piee Bais g solul 0,5 adlsl
Sbgmails dlo, slo Laki oy50 40 el oligS #

Lol y oliw] jliwgs adls> s by allu ) ol jgls Lasdl s

SU st b adlhe Cus  mils o e dlly (g gls (83 %

A R e T e e e e s T e e e e e e e e e e e e e O O T ORI

QL R LN TR h RNy R LR R R R R R R R L T AR R Y

O
71

% N3
///IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII\\\\

+



,
%
=

a1 Gl 1S 5o ls 15T glgs Saz0 g bl 1S 59adisls (55U 65 louw

byl e aslel w)ls gﬁ b Jadpw g a8

S (6 e GO L geeils 5 waly

B8 ) (oo (it (5 4y (5 0w |-F

f oS (o0 2U)5)]
Mad Cesl 5o S (5985 Gll Al 4 azgi b
Ll o)ls o9 ol j9aS )0 cond (owdige Al
03,5 yiS Dode Sl ple a5 s (] Bl

S50 (e R (sord (gwiie S (o0 S8 iy
Lad g0l oﬁ)lféil;.,a)'l Gl jo Al y ol ol

s k) Carduo &y bogie

gl 5o 1) 4l ool 5o olpl CansSge-0
funS (o0 b))l 45 Sbea

o3lall (358 ol (poud (pwige 4l o (]
Olrl e ool slo ol jo g 0)ls gud; )
Sedg 5o olal il 0o 5 055 ) (95 s,
Ol 0 g A ad) gwaige 4l 0 5 VF AT, ple
aS gou Lol allb o Llo 1y Los o ¥ ag,) gilulas
3500 e oBiils 4 Cad jauiS slo oKiily Cnn
L o azog ol Wl (oS Sl azog bajeiS
FB g adbie g0 layeiS gla olasls 4z
it 059> 55 Lo plgamials aSul e anlie
2l ooldl 558l dguze s azog (I b el
oainsilis ol 5 enl B (gl 0 S e
53555 laisl 5 Lben Ll 5l Lo )i aS el 1]
Al erd i AL g, cnl Sl (2
AL anily (gyfeiar Jls ol sole oSl
Ol Bl b plnl 5o (sond oo ool g0 )8
10 6 s Aol i o

ol 935 5 395 (6,55 (5 Wl 390 y0-F
oo mmdod
iz g9y Wbl (ulid)5 s 0y90 5l e
5SS 039 5 padd 35 pete Walid 5l ealitl L ajls
St JLo 1V 090> 5 392 £9:090 (e (S9; B (0
PR (o $FSO 059 n oS o0 )15 E9dge (nl 59, S
0,8 $b Sy i sl Pl s by, S
el @8ly 5o a5 05 (gilulazr Ll Soa b o>
Giloloz o Shas b 6,18 (5 yoedy slie SO lon],
) ol & ol 0,8 ol o ooyl b 1, awgie

S 1y bogs-)
RUTEBIEIET T
fos ol | plikass
Vgie cpimd gole ]
S YVA L YRy L
oKl 0)‘5 GmLm)lS é_'a.a.n
‘50....» (e d.a.m) as ‘5'9‘ 3 0)50) ‘m.\...u AS‘)‘
ezl £ BAYAY Lo 50 5 (0,500 i gxidls
5 o il oo Zeans 0l (] 5l an e
Al el )5 abaio 0 AA B AR L 5l oo
VWA Jlo o palds a4 Janie STl olSils
ol 0 laslasiul dages 3 b 3l (6,580 alade yo
Sy olSils Culys jo oS pulls Jou8 oSl wiz o
o ezl ¢ 18 oRiils oyl

& 0390 )0 wb Ceel & ol 03Kl g Bun-Y

29 99 991 4z 05 Q! |y alyy (o] (il )8

el YL ablio jo a5 ol el S Ul ax axlol
T o dolol 1y ai,

39,9 5l Jo g pidls aBdle 4 (pl 4y LBly (e
Sl @Léa\folih,ﬂ BUBTSIRCESE SR PR AT
e B el al) pl (g9, Nog all, ol
3L e Gilgie My i) (ol piils g0 00,8
o2 ol ade il Jeass aslsl gy YU 035l
0 5 09 29 atdy ul ISk pley ol 45 s 0l
5 P09 (5 el oSl 50 (3L 0,90 oz Ll .ol
i b Sy wing Bol G o aS a8l S]]
O waddle (28,5 )18 45 9> pl o g SO b
295 S 0 b Ayl (60,90 0 pad Jazs dslol
pols aalal 1y (6,550 adaiio o] JLis & g pos

oW STl oGl b gzxiils 31 (6 bems—Y
oIS 0,lg (650 b g wl )yl adadio jo WSS
s ol s 5 31 g j9lS g sla
¢ Sl digS>
5 Canla oBils cpl jo ol Jed diie SO
Sy50 4 e oy pl jo Juass delsl alinse S
Cond Cdew o IS cpl do oBasls ol jo Jsud
5 9yl plas e slawal o YL Gljloel 4 5L g

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII///
2z

(SO (g 09 F (ols Sl g8 (D gos (S3Ls LT 558 b A lan

e e e e TN

GLQ )l,,.ua o olKisls uJ‘ o cd..\.i‘j:} oS 0958 O g0

LR L L R L Y R L T R L R L L T R L R Ly R T Y L O Ly L L T L L L e R L T R L L L A R A A T Y TR L R N7

ROV

3
G e e R R R e R R e R e e T T T

+

Q
g



| Syl 688551 (50l wdigo ole poz]

\\\\|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII///
Z

1y,

Llps 4 a5 o sl W)l sl (>
220 dalol g9 dx |y 093 Juaxi a5 o0 S

5 e Cridgo 6l 2 gl dmogi 4z (L1 Ho-)
€ g lo alizio gbolio ()b g2edild oy

60 s S5 (S o) 352y Bypme €D o
A g Wyl GOl cass B o el D
g Wglas 4 dtugy 5 WSS 4y b il
2 05 g OIS oBiils o w51 0S
plos bl plosgs Lo asly aigds ael U o )ls S92
O &g @S I oyl oSils wy (sl 092
Sl 03500 Glgzeils Ko (5 e oS LS
Obgzeiils S Laas 1) 03,55l -l b aisS o e
Al (3390 Wil go aS Wil eols las ST olisls
QS o 0z oSl wiy sl g

5 JB 09 (oele el slasl I (pimen
5 4 2 L (pidzmed g (S935 0,90 (pgate
hasm a8 cpl a5 o SLA ) wglas 5 @S SC25
Il Sy 4l 0529 b g el 00 Ll 0, bgs JLo 10
@ ol CeaS bojlasl ol 0,38 T obgs olgs ;)
Aalol 1) js (] a5 43S o0 Aoy o0 lgmidls
dod 3929 b aS Cawl ol saimailis 4y i cpl oo
0,5 5 lstee cind blas 5 oI

ol il 9 L (§ dJa.;‘) swlauw WT L-v
T oz 5] Ogtr 9 a9l (52 Lok 150,

e a5 el S Cearo b oKl b))
ol a8l o (59 ,Shac |y poons Ul 35 a5
e ol 3] iy .0, d52g S 1 1) b |
e by oo o i Lo L] el S8
Sy b b )}*T Oz oS > 1) loyetS
a3p lion O 09,5 6o 5 Segn sln &S
Sl e 4 eolaiel b Sxio ol pae auS
S5t by b s oSy aill oo b
S bl (35195 adg (DYl cud il 593
CslStils akby oo 5 558 Ubisel (LI
R&D s g o g olSiils 5 JSCiie (gl adl>
Caio ) b o9 Wb R&D v a5 5 ls 0959
Ll ol 5SS ol Gy g wiS scale up g 0,5
I ol @&islesl wlide jo Kingh b ass olisls
x4 |, QTR&D 0,180 Lyumas 223 ol
o Gie el cpl sl Al I B g oS Joas
Dol

Alio sy j0 ez Wiy b gl 1)2-A
Copdoy 6y9L8 9 SiPeST Bl 5 (ommg
¢ o) allos
u“’)ﬁ‘J GRS 0 Grs el sla olisls =g
Jro ail oailligy imgh ¢ OYe oS iali8l L
CoieS b SVlie slax Wb el . ol3T oKl
Wl goaxie by oKiils sliwl .cd 5 e o,
el Ghagh ol 5l am g (heel ol Lol aibss
g jlws 090 (o0 plil jiS5T 0 a5 ole iegh
Lol Gz il oo Crio Lo 5l (High Tee) YL
GR9R Cros & )2 e 45 050 (oo ikae Jlgw (0
cle Cans,y oo NSy o )5 ooliiul 590 45 o
aS o)l gl e g 03Kl Cio a5 cwl oyl
U oBasls )l amsls S o |y ol JSie [Kimghs

dolsl adlgs o a8 Sb gl Lol Hlas j1-9
Jmaxs dolol gy Ojge 4 L2 Juaxs
faigp Jab &lpw ar (aladlo jlam b wiwd
wyn &S Cwl b e (lemiils 4 ol aiogs
Jdo s b aiaay Jeass aslsl @b LT &S oSS
SSob 4 lasl g adle Jazs asbl gl Lol
O oszs b nl 5l e 6,0 s e g wll (o

e e T T e T e e s e e e T

QLR LN RN LN RN Ra AL L R L R R R R L R R R R R R LT AL AT TR AT

\

57 S lld & e Seasll £6 )

N3
G R R L R R e e R T

+

gl



o Aigo (5SS (SRS (i i 3192 So20

=
=

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII///
2z

Wlislo 3T 21,0 40 (Response Surface Methodology) gl gdaw g y S

7,
2

o) T plowit il

o 50 ol a5 ,l,0 83 el ass el alosl ol (gl 5 oaliad 5l i & ae Lo ilej] b
azgi o 90 a4l talejl (slagllay islo y 5f 8 4SS 90055 (o0 48,5 IS5 4y jglace ppa b talesl Sy Jola- oS o
Selaaily 5 (lugi g2y Salejl londl s Dl o (g, (55500 5 W 00l el (o525 13 SNl Jsl:0,5 )3
O ples o) (e il s S 5S sla lgi 4 aS S el 655 03l s 51Le ST ol 2346 IS !
635 03Il B gl e bl Alai Sg2rg Sy (ol il oy anad ASal Ll NS oS5 ol
Dy didlys Cglae wiad go (5,8 (leSs a5 old CeS WAL YL (6 S il Cds ax oy S

oo > b s islo 3T slixo

w3 g0 plonl anT » o ol 3l (Kigz 5 38 Jelse 4 o0 o S0 L S sl oss (b sla b
Dgus (0 03wl 0us Lf"‘)"a sl U‘“L"j

Wl (o0 celio Gl (gl )l (625,15 4 i o (lodzy Cutle a5 S0 glaan 18 sl

S (5o gl anl b (6 85k Al Jelge

oled asedie ) ot i il oSl Lolse Y

i Y s (SaSTH( aialesl ollas fime cymass o b ole Liglejl 5l solitul o8 wge ool
S8 S5 5%l Wilgh gl 5 Cund a1 gl Ll s s ol Lo talojl (S az STl b ioles]
S5 adly o wlgi oo ATl 5 oz (gloan T b calid gl (Jg 00,8 al 3 |

el (ol 0 55 Lol el o 1o

o ools g ylel Judoss Y Siulejl b )
o le iolesl (b ol ol ds
(Blocking) -5 5" cao Sy Y (Replication) IS5 .\

(Randomization) > s slal Y

09 S |zl 4y 95y b 5 Al pe ik s talejl ploxl o

] .&9,m5¢3y@&u51_éqmdo;um A

Jedoe 1y o ools el 1348 JSLS'L 5 iolosl 5Tl )5 g o (iolesl b ggms as aS” gluS sles Land> Y
il b dd l b jles 5 o3l (6l o (o)l Sl oS

SN VNN Uy KRN NESPSRME Y TR eSO L N RSN EWIC
S iyl ol S

b g 48,5 Jlas 10 082S (gu U o oogasxe a5 Cewl g Jol asS asriia |y Julse gy 0590 00gae
Wigd oy S @l 5 el o

DS Sl Grolesl caslio 74k da oyl Zghaw § Julse slaas Clesl L .0

sl pae Jds 4 g3 sla 74l o g0 ST 0 050 el oot Sy aS 55 Gled a4 b b iolesl
ey (05 50 )90 W"S_}A 4§30

il plosl BB g, O 4 Slaglesl >l IS o

(Mixture) _.S 5 sla iy, f ST
s gy O (Taguchi) >¢SU~,b .Y

RSM)ely o g, ¥

&l gy Sbe

JSeie 09y (a5 00l gy 2 9 90 0399500 ;S JBlaz cugee Jolse zolan )0 yesd 4 bo Gy don aS 50 0

o gy il (g0 Sz LAk g G IS (p0y Joe 50 (g 0l 0525 9 T8 (g5l i 5 et 50 5005
Cesd aBad (b9, (nl 0 gl (g0 L85 IS 4 ()50 iz sl Al B pre RSM)  xhas ruly (slo (29 4 45
@JMQ{‘L.ML}@J?QJ{L&AQ‘HUlisksl..a‘J.aly:Q‘)odsw|d.;%‘)§om;&¢c9ﬁsbli)hjm@ngL;.
@ ol il ool b Joe 10l jine Joo 4 )90 10 59,5 by Cewwd by 025 gl & elge welais L o

e e e e TN

LR L L R L Y R L T R L R L L T R L R Ly R T Y L O Ly L L T L L L e R L T R L L L A R A A T Y TR L R N7

Q
g

3
G e e R R R e R R e R e e T T T

+



| Syl 688551 (50l wdigo ole poz]

\\\lIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII///

) RV

SF PSP
Jfok)w&wgsﬂww‘dﬁkﬂd‘ﬁchwcw )Mfwbﬁ)lff«su@k‘dﬁﬁujfcﬂa
s‘°)L~b@wL~&yw‘°wsﬂu§fbﬁ T e 55 5 Aol Jale 55 5l 9 con el g s
99 98k Jale G &l a0 F1aighs (5,806l 5l aigS G Aty o plaS o islesl blas g 09 0 00l
YA YO Yer NO NY- w.’;).’d‘.)u)‘)} Q)OC.LLAGU‘MIJ 4> ,0 Yo 9 O g.,u.’):d.:(-f-\ 5—\)4.J9‘C.L:.u:
3 Jele 98 6l JolS oyeiSl tolejl asline a5 050 o talej] 4 Lo (5551 ¢ dole 90 Il (5l 093 dalgs a0
5L JolS Lo, gl aS Il j0 auS e eoliil iolej1 VO 51635 1o w5 7,k Jale ds (6l ol el ds

SF Py Soszb
oo ¥ gl a4 s cpl o Wgd g 0uils T 5 adsl a e 00game 4y o Ll bl 635 e dxg aSo ik o
ol i (555 0 S 5 oo L Ghalosl Sl (5 9525 (g0 )18 (5o 390 el s 53 el

Box—Behnkenglb z 3b

oS by e sl als 35 0 dadd e aigS sl )b ol o el glaie LB 7 b g0 ) Box—BehnkenC)_L,

30 x5 ST Lol 09 god (pg,y (2295 A OS] gm0 S 100,57 o 1,8 oolaiul 090 (635 e adaili ol panr 4

ol 5o Jele a6l .l CaSe sla as aileo gdly 10 457510 0929 ) siulo;l(alats 003l 7yl I b 09 a8 5 L3
ol 55 ialesT OY 9 FF YO s 5wy Jole £ 500 F gl el GiolosI VY a5l 2,k

oo iy g 5 b S Sialo 3T Jkoxd
dfw‘sb}fidb@ab ‘5|f‘5.:w&)|f‘dxdl>ﬁ¢bcou1‘5>®4w(5bbupu ]Lgl:ooobdf‘s’l.o
Ls ol i B ool o s o Jobe el Jaa sl gl al yo 058 (oo bl 0S5 b 5l Ygens
23 iz Jelge 5l anTd Joe 53 (97 038 on w83 Ly il o2t e s ) 3] oS 5 Ypmne il 93 450

Dpdy s
:‘<ja.‘.>J-.\A
y=K+ X, + 00X, + 03X+ CoX Xy + 03X X3 + Co3XoX3 + €03 X, X5X5

P chs e Joe
Vy=P+C Xy + CoXo + C3X3 + Cr2X1 Xy + Ci3Xq X35 + Co3XoXg + Cri X7 + Cou X3 + C33X3

& S S ojllR-squared) i oo b 55l e e oo e ooy 55l Jow sl ol a3l L
O o o Sl ool as Jaw G STl aogy BB Jow bla ools Ol s gy az a0 o jlid aS 00
stbaie Jaw (50,5 5 eduzn il ao 10 13,8 i cu o b osls les (5ly 50 A5 1o Joe 9 0o ,09 ) ialad(
il 8 Cacogi (0 Joe Cds oais Lid (A0 5l Liw) all 5 Sy et o o a8 dx> 2 aS Cuib ax g8 Wb
o5 508 oyl aiie) (slas b aslio 10 00l (6,05 03l Jorll (S 10 pudd S Sl 5Son  Jolge zglans yus alold
WJoe ol jogas 1o S ol sl o] 8 Ciiogi oage | Jow (Jg 098 oS (pss o 9940 el 45 oy
c;)l.:.cg_ilASQ,Jaga..x..ibLgmloW@Tﬁwgs)o‘sﬁ,ﬁj}”baqaﬂbJu)o‘;)u)@.ulésgj‘;ouhjé
...\...’.’:lgd;;&‘&d;%])ég’;%ﬁ‘jbsbu)|@@5xssow@|)%‘)6%&}|ﬁ@fo45@3@6.51%)
O o i 00 OBl Jaw s dz g b g aiis ol gl oy plowl 4y jol8 Lesiiis 5095 jabo as o jf58l 0 5
oo B ooly len sl pgs dd e Jow S Jg oo Ve M%fbdl)lo‘jla—}gjmdiﬁl.ﬁ@&)l}fl)
G955 S 330 (o ool 51 (S5 080 (oo ez 5, 90 4 pe Joo Kiiolejl sl anils oy AA il (ipns
WJloil 098 o @8] Joo 10 & lee b )55l el g toae o Jow G skl ko j0 .ol & jle a0 & jlie & jg00 4
@ all Uas conl (S Jloixlax b (5,8 ool Canl o8lg ¢ Jow ;o &l 0ai (5,8 S1as conl pl oaims Lis

///“IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|\\\\

+

\\\IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|||||II|||||||IIII||||||III||||||III|||||IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlI//o

\\

/I“IIIIIIIIIII|||||||||||||IIII|||||||||||||I||I|IIIIIIIIIIIIIIIIIIIIIIIIIIIIII|||IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII\\\\



\\\\IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII///
2z

1y,
\\

oo 31,8 vad (6l o 10 Oylee plduo 10 A1 el 4 a8 Celine (s &yl S sl ¢ 00V = Pl lgie
=P l> a( 098 oo 00,51 Hlimebsl & jle il aBly & )le aS (gl Poae sl s o l58l o 5 5l oam j0
(398 g0 0louis AT 9 Jazlee,e)

P Jode a> 2 00l o0 Jb)l Collas L J%&l( oe 00,0 ) = P) A2-07 gliso 4 Ygano YU el
39 9958 (g0 ol JolS sl o jlie b Jow lactl 10 Ygano 058 (o0 yieS Jow sl o jlie Ll auS ool 2ol58l
gl Joe 95 (e o5 Gloj 50 09 (g0 Al o ()] (el x5 e o Ojlie | dn 0,5 oS b sam >l
5T o ln 1y 6 Pameels aelipy SG (29,5 225 J9iar 998 (o0 LB 5 00l oo w0925 b (ad 12 50 65k
A2 oo Glid+) o0 o) a0 ey g ,Llid Wl ax o ele A gl il g

Term Coefficient Standard error t-value Confidence
1 (constant) 3.7132 0.0612 11.65 99.9
Temp -0.5625 0.0528 10.65 99.9
Pressure 0.1007 0.0529 1.904 91.4
Time 0.2318 0.0596 3.892 99.6
TempxPressure -0.0214 0.0807 0.954 36.5
TempxTime -0.3141 0.0694 2.954 98.5
TimexPressure 0.0042 0.0112 0.124 18.5
Temp*Temp -0.2384 0.0448 3.154 99.1
PressurexPressure 0.0014 0.097 0.140 13.7
TimexTime 0.1207 0.0239 1.331 80.5

;'95).’.4},:.375\.,.@)'1 e 4 aS Cal ol Jgaz 10 Jol e po il ooy dsle (g0l3T a0 O (bl ylicelsl slael
o Jole dws canla iolesl ded gl lawgie soims Lis Y Vooe wigh 48,5 IS 4 Jow 0 +) g+ ) slaokes
ng.a.'l.o).:jl.‘;Q.:.‘o)".é)‘o)bé)l.&éjol.o}(_gd:gg'ﬁ‘)ﬁ)ogjﬂjtfw)l&ﬁQ)‘PQ)QLQQT#)OASM&@‘JA‘}C
Jyo> o 31 sla Sole il Sl pme dS awy o kA ey g Ol 4z o blate (50 Jagd ol cols Lis sl
ﬁ&éw)mo)y)éfo‘a‘gj0)‘0‘5)’)[.‘0‘5.‘45)*5).;“&)‘?Q)Q.MQGAGE});Q&;UOMOO‘L&J
Sl ol am )0 0 cupo Vo azgi b aS o plol Gioles1 V0 7,k cpl )0 s (598 (s oy (s e 56
Aile oo Sblas o
oo 008 Jg 0o almil iolesT (6ol slows b ubizs Jol o )5 Lialesl aS conl ol (gylel (b 5l olanl G s
3 i Saled 0 080 oo planl s 5 gas Sp0 a5 A1 (25b (9 T Gialeil S a5 e el S 05
b5 gl ), e 09 plonil aliiil dilaie o o islesl STecdls ol o0l oo Giolesl (b (sl oY oo
) .é)|djojj?5L®uﬁ.ﬂLo}T
4.?;:33o.)l.ef’L:.:dsw(_gl)a}.&ﬂf‘soi;laﬁ)bl)aﬁ:&(_g‘l.tb(_g);o)’bj‘ssdﬁb}‘(_gl.tbL]a}l.(b)fui..lLa)‘\)"d)L:.w.g *
Uinloyl 0gh ol Gubizd (g Al e 40 ol s o b A e aS ol islesl  Sail sloss bl 60
az a5 auly o ol 3l plas s lasledsl 4y (6 i sleiel S oo anulxa |) 055 (5,5 o3l gllas a5” o 5
sl Sl )90 (625 s Sy galad sl gl (Bl slo ialos] adge
Jolge bliie 36 popte doles (658 amil ilaie g, LE oS oo S8 )5 inlosl o 28l ) Jow G jloolaiul
1235 2925 o Dlidiond 5 Lo g 2 0 sl Sladgs (S5 e (a5 Gy (o 0307y 005 (g 0
(28l oo lasl el astly s plicul cdls G Bliie sl 35U ols 75,500 & le a) cel Jgamo ol SO bilio
QS o 5 ool |y tolesl bt Jdow g oo by alesl plaie plowl 4y giie (g,lel 7, S5 ous a53lge Conds
Qb oo o S (s o 5 S ygo 4 ialesl (b Sl ed] s d ol 48l
opl oy aalys 5b an oo ST g canl 0l S (g o] ‘5‘>‘).|od.5.))5..\..5[.: Wb oo G Wled 392 g b >
Lo a8 ol oo 5l G 099 (ol b aogds  ioloj] I 50 CadMS L sy (SiSS igliad oy 5501 Wilgs o5 by,
iS55 B0 o] sl agls ged ) el S lsie 4

e e e e e e e T T

7
///IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII\\\

&\\\IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlI

* References e Maxwell, S.E. and Delaney, H.D. (2004) Designing Experiments and
* Kirk, R.E. (1995) Experimental Design: Procedures for the Behavioral  Analyzing Data (2nd Ed). Mahwah, NJ: Lawrence Erlbaum Associates.

Sciences (3rd Ed). Pacific Grove, CA: Brooks/Cole.




| Syl 688551 (50l wdigo ole poz]

Ol | Ago Sull 1 bl IS 592bisls (5300l 83l

E

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII///
Z

SOl (uickign 33 (5 yoals S a1

"y,

ouwS>

O Lo ol opl jo a8 )ls 1B e ol 5 o (g ko 51 (ormg i (5 pme 50 (sl (63954l sLis o

@idy Cuwo 5l gle S8l o3l S Jgeme sl ol 5l (S 0g, o 5l ol 0Sdee b Bl 51 ase
Tobe S8l waige (lyie Lo pwaige polel sz (5 a3l ojg el Lo (res a0l (o0 95, slens
Sl sl a) G IS S 2Bl waige 05 olml Cgllas sla (S b ale <l Glg oo o 0 45 en
oloul (gly Mgl oo i b Jobos g ey Jolge da s lo atins dw 4y Gl gwiige (5 0o LSS gl
w3l oo o JF 0 Jske il eile 9eli 5 0l e Job (5285 8 Cz e So 4 5ls s 8L
JUSICSPORC PPN IV CONTIPN P O VO VIRV NP VS SRS PR E5{ BRI UYL RGN NN [P VIS
T d Gadod ol o sl alils s col glgil cwaige Oladbod (10 (5590 (il 955U (5 yeuds sl ey jlo 0o

4dondo

Ol 18 (1) g e, Jalge aile il oaisS sbl slge Liale, (V) da maedlS )] jo Jobo sla 03500 b oo
51 ooliinl s el ol pon 8L owiige b yiin pow ol s opl o 5l il gla e il 0 Jokes
y oo 5l gl ankad B ogs o 00ls J13 egian b (aanb Joko 215 a¥ 55 6 6y 0 45 gl 0ai slo Jokos
w8 s Jolo & Sl olge il Jud 5l sl 4 aiies (gom dw J5dstie duls Slge b Canslo [V ] 5Ly
aSle) (Siedem Wlg o eolainl go5 a4y iy eyl Slge aiyls eage 1yl Jole 20 bl g sl olge
Al (g (8 e (6313« Sal yosr (5 poly 3lge 3l o ailu) egian b (Slow> 9 Sl sla b 5l oni
e S Canls g (Shi Sl SSle lp (S dlge lyie 4 gl 0058 b 4 b el (ST
IS Gl lo gy o J5dss acm 50 o cplloinl alos 3l aigs slo Sy JuS g ol il oo solinwl il
Sygo b ond o alie opl o [V el 8l cans syed sla canls o o], 4 calio s oyl g

g AN 1y CBl cwdige )0 (S pendy Slo e ld (B e 4 paise

SE g0 9 b b youly

Gy Vb 5565 YU oz 4 rhas Cond aile o ] 0,8 0 jaie olgs o @ ek sl ca)lo
bl sl G yanly 6l Sl (izmen il 00,8 il 055 @ ] (9oL xS olsS 5 600y oS
Sl wiige Lo )5 50 &5 wiied (Sojglom (2lo 5 (oo S Gkl () e Sy Jd 5l Sl
G Ooles ¢ Jlad Cos 5 ol Jdo 4y gxnds Slge digls oo coliiwl i 5 0lge (lgie 4y 4 wie (5 youdy
6l pods i iul38l 1) So5glen piaas 50 b Joko 0,Skee B ams o o5zl o ] 4 aS ails la Joku b
s Lonigee 5 oS0l ¥l 3ok pied «03Y5 OIS e ) o (g 5 D50 4 Ul (o0 ) (o
e (DNA, RNA) loa 555155 L b o (IS giel 565l 5 eSS’ abenl 3lols) Laoy 5L
355 S 53t e slo oy A g sl Gl 51 5 0I5 LE e ynan cslopacdy [¥]s,5 s
S PLALPGA (slo yorlysS biss slgh oas S Lyl oo silh (o 5 i iy g 25 ot 5100y
Jols b s o zuly slo 7,k asily o GOl gwdige ;o oolatnl 050 L9 guly o audy alox> I PLGA
G Nlge CHIESy i3y g (Jobe SHeSh @ Jds 4 e ik ol Bl (oo b pod g b il (ST e
(59y0R ¢ jahug S (Jodie slo Cany b alox 1 ey b Canlo alies glgil il a8 )3 )18 ax g5 0 g0
QG delol jo a5 W, 8 o 8 colaiul 850 C8L cwdige ;0 reuds- ol g o jeelS sle ey lo 5 (508
Dyl oo a1 5l (6 patBe b

e e T T e T e e s e e e T

QLR LN RN NN LR R R R R R R R AT AT TR T TR TR TR EART AR 7

3\
71

% N3
///IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|\\\\

+



\\\|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII///

Jado by Cun 10

Dl Gl it 50 (GO A (S pendy R sla el
Gl psd b ol Sk gl o)l aiiie Cowenl >
Sazme Ay Gljee Sl D) (sl ohg A (28l pwdige sbao )8
oS [Flal axd 5 )15 4255 35590 sl 51 (520 (3952 L lg5itad
s a5 5 ko 6 ams gn ol sl o o] Sl
Gl e sla ) lslo b avslie 1o by giwl g o pgd gl 1S
w0y plo b asly oo Jodie glo awyls .als (6t Sl
sl 23l 5 Lo ok (sl T o] 5 0, b s 43l sl oy (Kinyolt 5 o & s caned o 5155
Loy Olas slodl aiil S8 L Slas S5 canl g 6 die S5 0,0 plo ol st il
5 ot S yacly 55,5 on oo 25 e ile g 5 oo 355 3] e o8 s e 2 Lo sk
D9l (o oolaiwl Jodstie diws s Slge lgie 4 PCL 4 PGAPBT. PLGA wile csias

39308 b S yle

S 02 A4S S (5 yerdy slo 4l Sl (29 5 b J5g 000
— S5 s hb wileads Jog a4 poe YLl L b ]
) Fiasmee dlgs ogill SIE pdy 058 Sy sl Jig i
Stz FB sle S8yiy carge g ools (Bl (Shgen a5
oS gl g ead S35 Gl 5 SOl cwiige slao )5 5o
L0 ISl lizl 4 s ile cals o g0 [0l
gl (oo 48,5 a5 50 S5l ey Slge lsre a5 Wl o

7y

L olh e ol ol b 3l i > b g
LQL..’.AU." Mbw»wbwédfjwlﬁnéﬂw“@}
JM) Sl 60, kos gl el 5 (il § 50 Jlke ol 4) Sl S50 (sl ,zall 90,0 Lol
Sg PLA sl (egras sloyorly 9 (Y5 ahoa 5| (oanibs slajordy 5l 39 000 o (Jobo (Sinr
3 el Glye gl G5lusl B9 pa 035 Sgnn o pEl> b 50 (Sldden sl Jig) 0 Wigd (o0
wien slo 3L GAG (6l b olioedion coled JIo 4 (55000 slo S )ls 098 (o oslital g ls (iula,
Al a5 1,8 azgi 0 90 sl

S0 S Cu gl

Qilgd co aS 005 ool oy ylo cS b aals o158 o o 0Bl anngs
YL ez ) el Cond S 0l iU wliae o |, ludl ol 8L (6 loxe
9 7S5 o Stz gt o b ()] Jodoting Ko )il of o 4 b 5 logils
Sl o 2l it 53 )lS 3 B Sy ol 45 355 oo lo Jsbo les f
reE09 ¢ w950 1Bl c e Jglate by, aw [V awtus coenl (8
Sl e @S oo Sl oy, vl Gl 5l &S Sl (56 3Ll 4
Sl yory alox 5l 09d (oo 03latwd DNA 5 (159 5)l0 (5 0ald J3u8 (lale) lp el plsie @ (eizron
2,5 o,Lul PLGA g PCL ()lugiS o 0¥5 4y olgi g0 o pulBgil el (gl oolainl 0,50 Loan 5 o

Pug San S Cuns s

SR osliinl 3)90 Bgpae Sl pwaige lp SlesnS fheg S sla cenls
Sz Sl ek Sl mile Sl Gl 58 (SselS Sle iy See il i8S
e S IV 059 b slapecdy 5l e B9h (o0 soliial uilginl slas )8
I 09 b slayends 5l g eg)lo @y ey Cuz JEde la g S (s drng
23,5 e oolaiul glo wiS iole, Cqe obb jrwg S (6 drwgd gl YU

AT e e e e e e e e e e e e e e e e e e e e e e e e e r e v e e e e e e e e e e IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII////

\\

/I“II||||||||||||||||||IIIIIIIIIIIIIII||||||||||||||||||IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII\\\\

///“IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII\\\\\

+



Syl 688551 (50l wdigo ole poz]

\\\\|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII||||||||||||IIII|||I|III||||||||||||IIIIIIIIIIIIIIII//

» a2
3 ol g0 & 3ok (3 5 900l8 (S Cams 510 -
= S ek ey b (SujelS Slge (59, p Ol S8b pwaige jo b gl 5l (2 JB i :
S eeelS Slge sl o Same Slge b b yerdy oS 5l by il oSl 5 St Jlees b it g s Solpes =
S el 5 518, Wil e Jled s sl 1 (0,8 Bl raizman 08,8 e 4Bl dgue (S0 oS b E
Ilat 2
S5 And 3
S et 0,0 omd cal sla plail g b b 3l g e g (S 0 sl oy Caeal il waige =
Sl (g A b ey 0 e el 45 Sl ol Gl (6,05 ,5 @ 5 il (Sl Cdl pwaige o iy S
S gz olse ol 6 At Glizmen 5 il oud il ool )50 oy sl Sl el 5 g yanly sl s ol E
el plosl Jlo 53 a1 S0 50 ol Gl b ole s Sials 2
E Biomaterials ) Scaffolds \ / In vitro culture \ z
E Cells seeded into  Gels Chin uarinat =
= Natural Polymers delivery =
= r i | | ’ E
z == —':.JE' Bioreactors =
= Collagen, ECM, =
E matrigel, fibrin, etc. Mechanical stretch =
E Synthetic Polymers E
E 0 —CH— C 1 z
: W | Electrical stimulation z
E PCL, PU, PLGA, PSG —= ) =
e £/ SR
//////HIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|\\\\\\\
[ * References and growth on films prepared from poly(depsipeptide-co-lactide) having

e [1] R.M. Nerem, Tissue engineering in the USA, Medical and various functional groups, Journal of Biomedical Materials Research A,

Biological Engineering and Computing, 12-8 (1992) 30. 88-79 (2003) 65.

e [2] J.R. Fuchs, B.A. Nasseri, J.P. Vacanti, Tissue engineering: a 21st e [5] M. Cabodi, N.W. Choi, J.P. Gleghorn, C.S.D. Lee, L.J. Bonassar,

century solution to surgical reconstruction, Annals of Thoracic Surgery, A.D. Stroock, A microfluidic biomaterial, Journal of the American

591-577 (2001) 72. Chemical Society, 13789-13788 (2005) 127.

e [3] P. Gunatillake, R. Mayadunne, R. Adhikari, Recent developments e [6] H.G. Kang, S.Y. Kim, Y.M. Lee, Novel porous gelatin scaffolds by

in biodegradable synthetic polymers, Biotechnology Annual Review, 12 overrun/particle leaching process for tissue engineering applications,

347-301 (2006). Journal of Biomedical Materials Research B, 397-388 (2006) 79.

e [4] Y. Ohya, H. Matsunami, H. Yamabe, T. Ouchi, Cell attachment j

+



ol W igo (5SS 59RMIS (i i 3192 S0

=
=

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII///
2z

WA [ 1] L JVJ R VRY)

"y,

ouwS>

Sleedy aln o pslie oai¥T Slse oy sl ek (o35, olie & wdyiny oealannST glass]
Ol a4 JuS g 0ue JISGol, Ll jo 4 Wgdae Jolis 1) olaais] )8 caiws cpl ol ool a3lil s (o 55
alansly olgs 05 b g oS 55 czrge g Wigitoe (23STg 3,15 ouip¥T oole JsSUgo b c(g58 loms 0ainST S,
Mg @ mie anld ol 08 g0 (JeSse JolS o5 45 (68150 50 Sgdis (Say Ubyy 4 w5 BB
odle ool (b 5o o Sgie Bl guinl & Ul 5558wl 8 ogte I f Sl g pySunnsT 60 5 &
5 ogiae w0 ,55 (s b 5nST aile) sainST Jole § 555 aio (sold dos CancdBlS G jga> ,0 JTsanY]
CdS (ZnO o 55 o 5 o ooliiul Sore g JT sl Fogll 0 w5l slp a5 cadBS 325 Slge Lo
ol oduligy rhaw G 4y Blbl joi b ad 9> 198 10 09290 UV 284 .0 5 6, L5I TIOY 3 MoSY. WOY. [FeYOY
C00,5 oo 3 ey 0dunST 31 o Blbl T slge aiST e 8,95 andl e JBS 25

PRV

ol j5b 4 cgnlannST an] 2 45 500 j0 byt (gealinnST slods; bawg Glay aiiai anlb 5o
35 Sl b 55 Sgpme S5 & Jsbre FamYT L oy S15COD 5 TOC Jio 5,500 gl
GLSaSS (409 Eaidin (S5 00,8 O g0 Ol ddal die) )0 Jhg, oplar Slgl,8 axg wlai;.:;f%yﬁo)b
alox 5l calizre sl aie) 4o g,y oyl 00,5 0,15 (6,550 5 A iy ygumlinnST slaai | 3 a0 09> g0
ool )8 s o Lol a5 jshailes . jlogs olge lie J S g )18 T olge Bi (S ol ¢ o) slee] vt
oS Jole (lsie 4 JonSTg 000 JI001, 5l eolitusl 5 0dg Golusl 2 a5 sgiie bl ploais] 8 4 (semslans]
oS T o ST bl a5 oldsSUge 4 a5 aiws Jed L OIS (S g joun LGl anil (g9d
)93' 25,5 ol )0 a5 (Eola)g) jwsisd b awlie 10 05 (o o )9 6‘5‘")9}:“5[5 alie b o
N olye (il 593 a3 )0 Wi (o0 g Sl 5 (ST ST (68 ()5 5 0 bawgs g i | ad o5
@dlse a4 o1 Jiod b 0¥l a3 b SLaS 5 cnl s (o JUed (BT 6551 L 6598 U 51 2 ol aed
Ol cogdle i oo G 3l 1 T9m e VT (il b il 4 Suo3 (6595 b ild 95 jedm 50 Ll xS
50 oolii 15,50 sl (sole des Wigl 48,5 15w T a4 ooy b BUT sles jo g 9> HLid jo Wl e 0l )b
Ol as wil (gl aigF a4 Wb e bl 48 SO Sland oS 5 il ool sl (Shg slylo Wb L US43
3l o Gl g8 ol b ol o |y oo jam IS ol Lol ails 0929 o) jo cud b cll> 0,5 ugSas
TiTSTHT 15 o8 505 o)L81 TIO, (5 fiaseS sl STy 4 055 (om o sl 230 325 &S5l (190 3,
S 393 50 (Ko abl asls ol cud )b el Sl G b ol ded polis izen 05l (so Jooud
(o pé Sl el (6598 (50,05 plp 50 ol g caslio CEWL il (gole dend Ol 0 e sl
5o oalaiwl (gl oole S Sl gly 3la 0,50 sl (Fhe 00 5l S A g il oiaSTy Ll i o (gl
oolaiwl (5,85 sl [aSTy yiion 0 0ole cpl 5l Jds ued a4 o 1) byl 1 LS TIOY sl ba cn JBIS
30 658 4 sl a5 Wyls 3929 MOSY. WOY. CdS . ZnO FeYOY ,La o oo oloS 5 adl 0gd oo
St Lo |y Bl 98 slaoss] 8

Sl G5 g9 slouiaT 9

To5 A Coomd (pl )0 4 Wgdoe pumndl ,Nedl g Ko dlwd 90 4 A b 4 Bl 4558 slaas ]
52 5 5L sl sl sPhoto-Fenton lea L g Koo o Ul o348 Lglma.z.ij)_é N PO AR S N Y-S W-ve
059,02 Jalxe )°_J~.¢-59)¢:—“ SSeoly daan])d ol (b jo i o)lal oo MB a8 j5b lon s LS (w0355
0,38 gid an g Glalay S b so 5l e aSl 929 b digiee ‘-‘*:]94 0% 03> 50 98 i 9 SS9y
Sl ) give JnS s 000 SISl JSis gyl rge (s a1 (b )o 558 bl a5 aiSS cpl eis

3
G e e R R R e R R e R e e T T T

+

e e e e TN

LR L L R L Y R L T R L R L L T R L R Ly R T Y L O Ly L L T L L L e R L T R L L L A R A A T Y TR L R N7

Q
g



| Syl 688551 (50l wdigo ole poz]

\\\\“IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII//,/
o3k 53 yg 3l ookl Sl ((Keals 53 ) Connd (Ko (B 5398 SLlje 51 (o el 485 )90 2]
29 & Olse & 9wl 5955l lyee o aulb o @l o (e < DAL nm) wilos zgs Job I 5 ams
Olslb aems il oyt ooinS] jaie g oan VT oole (o bad e 9T, nl o ol 2 ogdle 1, solizul
e 558 oo T8 colas aloz Saansl3 0L o ool ilulaz el s Jslone (550 9S50 (159,90 oole

il O3gen

I/,/

Foal GG gigd slaniaT 2

e 5 (CenBlS) waler 56 50 ()T 50 a5 sgie DILI plaaT b & (Seal il gish gletasTy
oty 0l e g8 i b Cendblgigh (2iSTy ul (b j0 0,0 3525 (S game 5 0a¥T oole Joli)
b &l CendBlS 5 558 i 5 009 Bl 5 928 AlS 90 5l (oS 5 CenJUlT8 aalS 35ine fnSTg e
1S 15 a8 el 2] 1S 555 5 e JBIS g5 a0 o s o 25Ty S e 50 (olagat
0 i (9 P8Il i SG 95 b Bl 5o SBT3 )0 (Jg 0gd (oo STy S iy el banlg 0> Sy LSS
PaBb s 1) 05 el b et el el S 00,5 (g0 STy gy e ol (] 45T 095 0 Sl

S0l s g9 k050 )
S0l Gl B e 4 SGop g (S e 4l e eolaul L8
A3k g)s el
Sbly (gowo ek
wals oS
il (i olerd 5 (Sojgl i)l

Do by g 48,5 )15 Az e 3500 Landbl 93 (e Olgie 4 poilisannST 60 lalle ) e oo b anlis 5o
ool )50 (139550 slaail B o o (Bl 055 o I8 eoliial 350 (azme s Bilas ;0 035
e Jeb ooy g )b JESl e )9 Dde elst o SepSl LS le e a4 a5 wiloe sola e (sl oole 9,250 I3
10 1) CandBlS 5555 i a4 oaliial Cobls s, clo

v & vt

Cund G5 9353 AT 3 (o p 30180

S y5bkaie 4 5 1AVY JLo o Fujishima 5 Honda Lgs )b (sl sl 3550 (smneB 5358 sloay 18
5T 5 JIolas 5 Sio pslaie i tg) ol 5l 3l Gledlo po ad A2 5nST g (3gpuen 40
Sy iz L TIOY wiles olbs bl 928 b jpim 50 tandBlS 358 0] 8 ol oud oolitul mle by 5 55
ool iz Sy ol (g 50 9 dgdes 98 CanndBS D)3 Jansgs (FYEWVI e 5l 2t b g pl 6551 L 588
& asly (o TIOY  (sledgSge )b slebol> adg Jlis &) S0 & 4295 b e wdgs (iyp s€0p) o>
(€cp) Calom by ;5 Hiies g8l i aisS Lo Blbl ldsSIse nly 1o 5,80 oins b 5 0 iy olsis
Sz s |y 65,0 T JLos 4 g Wil S 55 508G Loyl el Kae (i) sl sl o oa sloxyl 0,8
Load oy (Sostl slo b as b 5o Lol o iy cod &g 225Ty g Sl ol 5o a5 wiile ol LS
ol aile wl o i Can Bl mhaw (59, a5 S5 jeam 0 (pals g (iolS] slaaSTy wigdi oS 5 oo
S s g Syl gla)l oy p5eilSe ) S 53 2855 sl plnil (ST esle J5SUge b 5 (5enST OHF
el 00 0018 ialed CeneJBIS 553

Pollutants

° Gg “\“/% Wil

TR TR TR RN RN A e T e e e e e e e e e e e e e T T T TN

L L L T e L L L L L T L T e e e e e N A VT TR T T

pgeilind S (Swnd B 958 frunsilSo 51 (S (2 lonis ) S

\
e e R e e T T

+

//



LU L L L L L L L T LR T TN TN 7%
Cun B 3 51 9 5l JUa

B 528 b 5 0ty Jed e o] ooliiasl 3 oy ke GBS 3l e el S ppsilidonaS] g0
SB35 o (59, 4 (50l5e 5 (U528 (L8] (2351g Y gams  Laly ao Slge S Ty RalS ]
(PBilejl o ;5 4 g (a8ly (S 50 Blas sln s JShe cnl o el wllg oo g (o0 i
13,0 9929 oud Jlad pue Sl 923 sl sl gy an Bl pdy ctS 5k WLTIOY Sl JBE 938 ollad

Gl Wi o i Cenlil5528 e slo gl 3l alawly Slss dled ial33 b Lbg, oy 0l slea! O
00,5 bl o5 il az 0 £V 51 5YL glos 4 Cagl o 5y Slekar bl 528 LolS ol

IR UV, g piandd od (5eaST Gl y2 jeam 5o 5l e W“JMSS*B P9y rlyS Sl 8 Ll (F
g B> ooy ooxbans i (g 0ais VT olye IS 528 4325 510 b 0,8 e

ol ools gy G o oy O Jro (Dl alwg CandblE 928 (35, ()0 r9dy Cands 35k 5l Ll (Y
Dgd oo Sid ol Kl 4z 0 Ve v dg0 (glod j0 e g

T G G5 939 SO 31 (339 3000 Sl g

S o ot sloopaly 5l (o Glsie @ onl e 655 s Bkl pleed Glo S g W
O399 Sdgi ails (oo d9umel S Glga Cgw 51 So L) g pen el oud a3 Sk s Sl (55
Sl g iFung 950, S oy 4 sty 65l 5 el CendBlgis8 SG Sl osliiul b B 5598
sl Ol (LanblS 5598 IS S| ol 39 )0um adgs sl 438,518 4z g5 090 o S59,908 (5551 W55 sl
039,98 655108 (o0 a5 COV jLatl (9 9 (hond SleiS gm0 2 4S5 (092 pdyuaas 6551 el Ll
4y 990 S8k Ol g arote Sy (635l 0l Sy Sle ay san] )3 dgaoel S CE g SG g @
S 5k Gl o2 a5, e anwgi ;5 Wl o0 5 Conl i 13

Cand G5 933 7 ghaws (TS 300 965 Cunol>

@i G S barme SloeSogll Gl o ( FaiS el jshite 4 olierd slo oaiiS Sl eolinl
2l b LBl g o)lo s jo 1y ludl cwdl § oy Jae 1 oy5e g_J).\.,L Slaa ol eolawl g o ks
Sl aniilgs 093 Y dsg s Cools jshaien o i lisle j5i kg wd s> 58 b T eeelanS]

ousS Sb a3l ;Mﬁd)@q‘cp el sl eolaiwl b w63 158 oolawls yge iy Zolaw 4o
ol sals PR L;ojfl Sl ylas G,LAM le oaiiS s 5l auid eolanwl o 4 g Cncs Lg;Lm.w s

s 55, sl aSU 5 Lég 0,5 arSas i S(Sliwl (5T Caols s 4 ) cadblS 538 2 gha(z shans
dind odgi aali ¢ o add Bl j0 ead el (g3l opl S o S| g et L T Lab L s 4 |,

1y,

s 00 6y 65518 ol ol gene (sl a4y Carnd (6 5V Conglie glls a5 il YU oS o

)o%Jj:%L.lé,xﬂiﬁ)lr‘éQwéuwomwﬁ)jsgduwjmsgo@lu@d)y
Al 1y calizee slpolses

S A g S

2ol oo oS g 0 LJGal) sile Jld jlaws slo 4565 adgi (e A by (ygemlannST Glaosl 3
b ey pnslinnST anl b sl 50 S AT ety 4y |y, T (gl 00ty VT 51 s S el ,ol5 S
B g a8 Cuon b olge adgi g o g polie T 0lge cu 58 0 pidu culd) s ((Senl (lorabls g2
b bl 538 codled s 4y 0T (60 panilis walides Sl gl ylee jo wols &3l Syjelom 4500
SNl 5l gobjolani Bl (gl 00508 sl 4 o0 b0 4 (gyke 5 2lerd )Ml (09 (o yd
Slge drwgi slp 6oL ©jyg 0 ) bamme sbal slp ola ans sl CedBlT g8 059> 10 0, 0 )5 @
Ol g 9l yo3 58 5l (6 e oolil wlge Culae Wil LSl Sy L olsn B ols 0g2g wpae Sue Ul g8
g plal 0392 cnl 50 (6 i Seiletac Slalllas g b (iale3T b oog (6 yutn Slidios aiejls IS

N
IlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII\\\\\

1

&\\\IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlI

)
//IIIII|||||IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII\\\\\

* References Water Res., 2010) ,3027-2997 ,44).
e Chong, M. N., Jin, B., Chow, C. W. K., Saint, C., «Recent * Khataee, A., Fathinia, M., «Recent Advances in Photocatalytic
ts in photocatalytic water treatment technology: A review», Processes by Nanomaterialsy, Chapter 11, Elsevier, 2013) ,288-267).

+

A,
ae p




| Syl 688551 (50l wdigo ole poz]

1y,

1. Paragon : This Module Used for Creation and Modification of Catalogues which are referenced
= by specification reference of component. Administrator is directly responsible for Catalogue Creation,
Modification. component catalogue normally holds information about connection, Physical Shape,
Obstruction and Bolting requirements.

2. Specon : It is Specification Constructor Module, which allows administrator to make or modify
specification to suit project requirement.

3. Propcon : It is used to define and create a variety of properties. It turns out that property types
include: material properties , component data , constraint data , case data and run data.
Project Administration Modules

1.  Admin: Itis The software management part is the definition of the users and the availability of each
one to the catalogs ( read access or write access ) and... determines the type of access to the catalogs.This
module provides important features which are useful for project Maintenance such as compacting Database
to lessen database size by removing unnecessary data, upgrading PDMS projects when database structure
changes.

2. Lexicon : It gives the opportunity to the administrator to add up the new attributes (e.g. Pipe,
Equipment, etc.) to each of the DBs in Drafting and Design.

3. Monitor : This module controls the amount of access to the software. Monitor module can be used
to alter Project Password. Also, user and MDB can be varied.

*  Next software which will be partially explained in this essay , is CAESAR II:

CAESAR II evaluates the structural responses and stresses of piping systems to international codes

and standards. It is the pipe stress analysis standard against which all others are measured.

This software is COADE product. The american company has other softwares such as CAD WORX,
PVELIT. TAN,... is also produced, but its major reputation is owed to the Caesar II software.

What is CAESAR I1?

This software is capable of analyzing the tension of the plumbing systems and will have to measure
the results according to the standard that the user chooses. The modeling environment of this software has
changed considerably from version 4.5 since the user can quickly and easily model the system of the piping.
In the initial modeling, the user is able to model the tube with different materials in a variety of sizes.

This software is a full-featured backhaul to allow the user to select the desired support and attach the
plumbing system. Another feature of this environment is that the designer is able to test the system under
consideration at 9 temperatures and 9 different pressures.

Also, the user can enter a separate pressure for the Hydro Test in the modeling environment. Moreover,
other parameters such as insulation thickness, allowed corrosion,...in design. After the modeling step, the
user can solve any error in the analysis thorough the Error Checking.

Analysis Phase : The Caesar II software provides Static and Dynamic analysis of the plumbing system.

1. Static Analysis : Static analysis is the most important analytical part of the software, Because,
except for certain things in The Dynamic Analysis section which will be named, static analysis for industrial
plumbing analysis provide the user with appropriate solutions.When static analysis is done The CAESAR
IT software, like other analytical software need to specify the conditions for the analysis. The user is able to
start the static analysis before starting which will prepare Loade cases for analysis.

After the static analysis is done by the user software, it is able to study the amount of displacement, forces,
tensions, and so on. The software delivers the outputs of this section both graphically and animated, as well
as numbers and figures.

2. Dynamic analysis : The Caeser 11 software offers four different types of analysis, including: Natural
frequency calculation , Harmonic analysis , Response spectrum analysis , Time history analysis

Except for the first type analysis, other analyzes are split into other analytic branches that the software can
analyze the piping system under some conditions.
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What is PDMS?
PDMS (Plant Design Management System) is 3D Design software
package developed by AVEVA Group Plc (UK based Information
Technology Company).This software is one of the most used and
most efficient 3D modeling software in the oil, gas and petrochemical
industries, which has the capability to design, model, and manage the
system simultaneously.

There are plenty of identical softwares like PDMS such as PDS,

- autoplant and..., which among all of them PDMS is rated as the most
efficient and ﬂex1bleone moreover it is attnbuted as the first choice of designers in many countries around
the world.

The strengths of this software can be highlighted by its very powerful database ,which highlights the
designers> concern about inter-information during the project, which is closely related to the designens
experience and skill.

One of the positive aspects of this software is the ability to match and send and receive files in order to
coordinate with the most commonly used engineering science. It has the ability to match the modeled files in
the Microstation and With the Visual Basic language, it can be programmed for this software.it has the ability
to output various types of reports in Excel, Word format.

It is also possible to transfer AutoCAD output maps in different formats. In general, in order to familiarize
you with the most prominent software environments and their performance, 1 will briefly describe the
performance of the environments.

This software has high capabilities in managing and executing projects, including the capabilities which
includes :

1. Thissoftware can be used as Multi User and can be installed on Server ,any change in any engineering
unit is immediately visible by other departments within an engineering unit.

2. In this application all modeling is done in real dimensions and in full detail. The PDMS allows the
user to see the components of a process unit model with color levels, such as those designed, thereby creating
an unparalleled level of simulation in the design phase.

3. Low volume of software output files (DB Listing and ...).

This software has great capabilities in modeling, and the accumulation of all these options in one set will
increase the volume and reduce the speed of the modeling. Therefore, the software is divided into several
parts, each called the module. Below is the introduction of these modules:

Design Modules :

1. Design : 3D modeling work items include modeling Cable Tray , Structure , Piping , Equipment and
Instrument

2. Spooler : It is used to divide isometric lines in the shop and the project phase. The software has
been developed over time in various formats, such as 11.2, 11.3, 11.5, 11.6 and 12. Large Iranian companies
typically use version 11.5 of this software (due to sanctions imposed on Iran) . But smaller companies that
do not need a licensor from the company, use the version 11.6 of the software, which is available in broken
lock.

Drafting Modules :

1. Draft : A three-dimensional 3D model of equipments is used to provide 2-dimensional maps.

Isometric drawings are available for piping, cable tray and air conditioning systems (Hvac). This module
uses diagram, stencil and template path to create diagram file. User need to select mode to work to create
either P&ID/HVAC/Cabling Diagrams. Diagram files created in this module can be saved in binary format
or XML format.

2. Iso Draft : The isometric map of the pipeline items is used. The output maps of AutoCAD software
are editable and are used in the section of the site. In this module, the general settings are defined for the
output of the maps and their configuration and management for how the output file is.
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