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1- Chemical engineering is the profession in which knowledge of mathematics, chemistry, and other natural sciences gained by study,
experience, and practice is applied with judgment to develop economic ways of using materials and energy for the benefit of man-
kind.

2- George Davis 3- Arthur Little 4- Bird, Stewart and Lightfoot



AYED Jlo 5o iy o olBilo AYFY JLu 5o 3 olBisls jo coud cwdigee ar) uw_wl..
oBzils iz 50 ¢y 9 WOF JLus 50 (lpol iaio ol8zils g liwzgls 9 b o8zils
.(Goodarzniya, 2000; Rashtchian & Shayegan, 2001) 35,5 545 5)30

aloz 5l culio 4 IYF- ans lsl o (oguas doc codwl N1 s gl amd (g5myanly o
99 azgi 3y bl g portigy gplio jogde 5 (lugyls 5 i Fane (gl (2 lio
oy adl s dmel 8lg s8zsls 51 Lo (sl ol S ¢ culiss) S adaia 0)90 s gl ilo
5 cealas 0925 les i | ciliss a2l L s gel sls 45 Glie ol 0 aolio 5L 5
Shzll Jlo sz 5l Gep 4565k an casols cews sl adsl oGl caass sl al)S ases 5o
oI5 b 03815 St 8 g0 & ot vt (omlit 0190 alip Taama L 25 o
oo Ol Lo ()5 dig i o0 (e I HL o (20T en 155 gus (oo o
oSS o9y0 5 (aly 04) Shol agyd d(azly £0) anly agyo (aly YY) (cogas (ogyo (35
539l sy s e Sy IS SBL g axly WY Leaz amly 1) (,Las 5 sz ) (paass s
Shlasla az g b Ll el oogas aiiye (3992 Bl 51 )HL 5L 5,15 (G9ye cnlis JSein o550
0293 Sy el yolite 4 loolSilo 5l By 4 (5)5Ld 5 Dliniiond cpgle ylig Lasgi 45 (ggame
NS gp Chmd « coud owdiga g0l daliyy Sl (5 dudlanil ascdl g ol oo osls (L]
el S g s Lo b gullas jo oSisls

iy slasipl egras e8 9 5)9ldsil «sygldian) » (sie plio S0 (o
e (e S 53 Gle 53 S o e (65918 55 9 5531 9 Slse < BLiL g ey Laims
syl 3l ooliul 5 (I8ienS 4 5ls ol g5 g (ool Sl aeceny; Jlis
S8 SIS 4 (ot Lo 5 Sl e sl sobasBl Sl slacily) 9 e
HHanly el (L (ably (ologs 5 (dod C g 4 5L G (59,095 0sS Te )l 5L
&Wassl 55 LSS S5l g ST e eyt L Saslogilalas by lyog 3" olSt VU sl
S)las b tog slye alex 5l gland; oy Gloaineg 5l gyl ol comdly 40 SGop L
lee sla sl e )3 a3l oy azgi 4y 5L AT WIS 3g2g (St (cwdige 9 (S
e 5 tigal il g 0392 ;odobiolian (gpal (cwige igl 5o (50l U525 g0 dopss
Sl glonnl g cwiigee B olasdl 1 Vo ol cales ogdeds .cowl i 3 oSl o
.(Davari Ardakani, 2010) sucws

93 aile 193 (ol gt sad laz oo 5l A5 dies e dnssi )3 e S93L 90 iR 9 9]

1- Mardom Salari Daily Newspaper, 1399 [Ref]: https://www.pishkhan.com/news/204683



e gy guien SB390] 3 5390 1+

pdie (i b gl 1 S plaS aS Jlgas (ol 4o gl sl g0y Slaye 0y e 4w L
sl cagy (sloarsl amss « objgal Ggte (ralsl dnsy oo i -l S g oz (ol 00y
sleasld aslasl g oyl coend JLo W sl g aS coul sole sy SO souds (gwdigee - 0il
4 0jgymel A5 ol 4Bl S Lz (oley ccn IS L Ll ol 004 Sgasme Sl g oleaps
Slodig) 33 gorid curdign cigpal Koo Il a0 5B 0 (6l (g 5 9> OlgS 0 25
Dobbelaere et al., 2021; Dutta,) 5,15 jsua> 5 Conny Jausee 9 (Sio «(5)5L8550 (559l
.(2012; Ogawa, 2007; Rashtchian & Shayegan, 2001
g (o 45 ot (cdige (50l b oo slasiagiy 2 gy 5l g Ao (1l 50
OlaSin b ol Lasl 5l)  cwdige bjeel dnlilad 18 g oas plosl Gl o (Y= YVA) ;5! Lo
(0SB ol s olez 5o (68U slacol 31 cands (s Yo s ciloas ;oo (pgle
Olwdige (i § 0Bl (capd (cwdige ub)'yT lisee ablio jo sas sloars) g loais;
Olwdige 59y Gram slacao b g Lo il 5 Lo 5 40835 )3 . 5y9lid g ple dnsd 53 (oo

el a8 38 ) g anlllan 0)90 (o

(WL u»),.oTuog.w)a (Oly! (g w)ngd.oL.L«as)é ouh pinsio Y Lo g (S5 - ¥
YYA-FY) (couit
5 > Lo YO b olol wiige ool dslilad 1o sotptaie slajtagh (isu ol o
eigal daly Sgupy jolite 4 daolKisls oo citin lacl lawg sasallyl slaslpiin
RCI IPR W) CUS‘)‘ )L»a...>|4.v (S (g0

42505 s § (oo wditen (B5el Gl Ladie) (s e WVA JLus 50 Ly058
Iy Sl )8 (oo (cwdige ALy 0955 WS, 5l cxal> aalllas ((Goodarzniya, 2000) (] dsxwgs
g cide bLa (s oy 4 WY Lo )0 (g0siig5 (Goodarzniya, 2012) cawl sols a3l
Loyl g bt sla il ol o bl qeias ()8 50 (cond (ot o559
&2l .(Khoshnoodi, 2000) 15,0 ¥+ ¥+ Jlos U gowds  csidigo 00l i i 9 nio 0 Ll
oleiig 5 Wiloa)S (a5 08 1) 0ol 0 (ot (i (B30l 40l WYA JLs 50 (o 5
Taheri &) ws)S a5l Lo cele slocd, i g coo slajls @ amg b O St yokaie 0
Aol Shgizmo i lud pasio Oygpo olo WY Lo ;o oKL 9 olses, .(Rahimi, 2000
5 090 Silwenlize pgl 5 (ols debin SO 4 cilisee sloolKails (cards (cwdige (594l
k.ng)L") Oyaime g olim‘..))m P ub&a‘j LQMJ)JO L) w (eI sw)yoTMbJ) ulcyé}n
cilise sl 5,55 .(Rashtchian & Shayegan, 2001) asus-ls s adlaie ol b polie g o



1 Ol g dlalv doxo
e 9 Eznn (ol Conedl Gl 5 soundy cwdigee Oygel asliyp 50 ol Lo il sl
Farokhzad,) 8,5 ),3 05 50u cuyy 9 Eon 3,50 WY JLoo ;0 05,8 lavgs i bgare gy cowyed
5 5ol aolio ) (655l Bran g oy o bgye Jluws Jodod ;0 souds owidige (yas (2001
59 Plbazmy bwgs Ll Grass Sgpo 5 o (omoites gl ol ) (55,31 oSl (o
bCFD 0)5} ‘UI)M 3}.53..) (Panjeshahl, 2001) ME;)L,} 19 K- 9 d..vJUa.n 0)5_4 wya JLAAJ
&yLel y5 -(Dabiretal., 2001) acu-ls owds (cwiige 13 O (Slos )l 55,0 du 5 055,5 Byme
g5050 il 50 (ol V0 5 Ol (o (i (50l 50 09250 slocins 5 Lo Jonily
4255 L g e sloogi sl ()lopaUIL (iagh (ol 5309 WYA JLu y3 00l 3ol lanwgs cigi
-(Ashrafizadeh, 2001) 40,5 a3l 542 g0 Mo 28 jodain ay ololpiin oo Slguie 4y
Dygrd (e 5 Lo 5yglid dangi 10 Ol i 5 Sl el )0 (o (pwdigs Cpmg gy
st g ale Vo s g8l gl Y Ol 5 (o (i gl ol dxngs
92>y 3 5,2 (Vasheghani Farahani, 2001) =d,dy @90 Slald Slisly lawss bauos ok
39z 3o Syl 5 sl yme 4 5 30,5 (canp | Oll 0 (o (omdige (96l ol plae
ool (Taheri & Rahimi, 2001) a1, 56536 colre 59,5 By by jolaie 4y e, Sal, 431 g
raet 5113570150 30 (cards uwdigs dnwgi y o el (ol (1 5 el (g5l gl 4 a5
SOtU—) gﬁ)f)bﬁ 9y 9 Cou S)g0 &bo)s 0395w Ja...uy 6‘4&]”4@ LFL’ ‘IIQL(:)LL’l).»a.c" a "L_;'i.v.i..o
QK:;}}JJ;.;\Q Cde o (Sare (oleerd aulio sl Jwsly g lacad,b 4 as g5 L L (deh, 2002
S g (e (2l golio GilS e Sleitin (ota g (b ool Bl serd (ot
o asby z,b g (Ashrafizadeh, 2003) o505 7 plao ) o isu ol 3Ls 9590 slagys
3,8 slgatin |y (Fame pliard aolio (10T 50 el cwdige andy wlis) 5 o590 (solpininn
RS 0smg 9 By Sl hue i) 5 oladl sleass 4 colie L (Ashrafizadeh, 2003)
5 s03el (5Lo0y90 (i (e gy (b OLKan 5 (23S S0 Byl 51508 0 ik (5
s et il Sl slping « 2B saie sloolBasls ;o 58 g cuts (sloars, ~agh
.(Kaghazchi et al., 2003) 55405 a5l capd (oo o)) cliss)lS aladio jo ' cods 518
ML))J o9 6‘3_..7:0 9 l.QLJ.»aS).w ‘L.f’l"))‘ 0920 ¢ gty A 05_76 Aoy 4O M Sldlas
O S ST sl 899 (Farhadi et al., 2004) .cowl axdpndy Oygo conds gwdige G.b)’yT
Ol hoazs cl g Olgzmtils oo o ey Qlimymd 5 (gord (cuodio a2l (09 lpiome
g lolaewl oo bl auam gy Lol ugyo (glgimme cinyms ol)Lu| (6,159 slpaion g audls
SlasBl" ugyd oy 0gud g sygal g, (Farhadi etal., 2004) 050,543l Lo Koisls S
ko )3 o puige Oligzeils 4" loard Gy (b 5 S’ s cwsigo 25k s



e gt (wdiden izl 5t (53950 1Y

Shaye-) HBGLs Jawss oy ao OYAY Jlu ;o (wsyo ool Hlgmeiils obsyl ogou 5 (cwliss)lS
oo payd goled 000 S i (Moghaddas & Haghighi, 2004) &.é> g wads g (gan, 2004
hye 490, gyt |y o o &yl Uil slwoyy) 5 sl pslaie 4" g 0,)lS oyl Ll
(Farhadi, 2004) 1o bgmasls byl sla s, § (puydd 0920 o Juad s

B35 £ 9090 <Ol (5 SLa by (85l (e 5 05 g (553 ila’ myd S
g b ‘_,;aL:..;‘aT” .(Shayegan & Pahlavanzadeh, 2004) cewl 0543 0olisloden 9 HBoLe Lawgs
Olsge 5 DS bwgs o] 29290 malie 5 (5 sy G590l Copadl 45 052 (6500 (10yd " sord
U 5l ooliswl ¢ cipgiy b Hlawnads g sola,d (Shayegan & Mosaviyan, 2004) o pus s
o S Jten sk a0y JUasl ooy (w0l 5l (500 Grizen g (S 9 (2o
oL 9 (45,5 -(Farhadi & Taghdisiyan, 2004) a5 S slpsios gy JLasl ugalol pnlio
g0 920 S¥sdo (ol Saa b ald S ()0 sla Jadi 53 (5L 98 (cpp 42
.(Bozorgmehri & Shahrokhi, 2004) auxs-1o,5 )1 58 a5bl, 51 eolasa! cugis > alexsl (s 5L
bl lacuslsl (Byme s Olel ) st (soiges (5el Aoy colas (cup & 20y 5 52 L0
ol 5oy90 50 Lo 1ol F Bl 05290 (5L, S5y Wi (yas calal) ol o a1 056> (0]
Obgmtils (EaS 0 cond (pyd copd LRl 5 OB gal il ik slacus,d ol gl
oo o laanld gluans o) 5 g coanl Gl (o i, 9 £Loy8 0552w (& Rahimi, 2004
faibly SCeS an wl (gHlwan" L bLo)L ;o suwyo olonl @ygrs 1 sond (swiige o ausl
(Sotudeh & Zarifi, 2005) a53,8 4.S L

5 sole Y5 0 4SS L (culiiylS 090 30 (gard widigee (jgal a3 (5,55 ey
9 (e uLw».\.;.Q,c Syt 5o )..ff) b.w)yoi ‘_ngog)f W)La.&l > A.a.ﬂ.s l.s 9 Cxio 6L®)Lu
L;.»L.J‘ Joolg oez)l> s> (gladlaie L;<,.l.c le ganailys bl LQ,'TLE»AADD (SO oS
4.;‘)‘ O .]99_»).0 u")iﬂ o9y C)L.o‘ ‘@M;u o990 UJ)S Lgoﬁ)lf (GO (g i ALy g“)j-"T
(SigehlS slooygs (S 9 (AT bl (g0l (paass slaylidles (sl ()Ll gy
olaasis sy Gl 9 el looygs (6)li50 5 Ubseel 5o Cario Hlaasuis ;I oslicul
S8 w8y 90 (5 aalBl PPN WIS BIY L ] K D R ST el 35he By 5l caio
5 Syl By slddlin b o)Ken 5 ooly 8,01 (Rahimi & Aghamiri, 2006) 3,5
(&3l Gl 50 Jrans oLkl Silodie olial jglaie s calimgiods 5 95,5 oy
3 ety s 30 souds g 0,5 . (Ashrafizadeh etal., 2006) dS5s gas 4311 Lacal, 095> S



1YW oy o g anlialu sosxo
iehS s as ai, ol s gel zilo A5 eaie slaaadge g lodgiunn izen g aulio
O 50 kel oo il copas o le b QUT@L;.,:J sl anals cowl S (ass
ETURVEPIFSIIEPRUE SUON DT SUIIRICN FOK JHINNCICIUNS [ VPRI A RSP S- RN CIN
983095 (coguars .(Pirdashti etal., 2010) scslo ol coud i 9ol j2ils (sl
Ol sleollaslo LLss juns sloollasls jo capd cwdige Gﬁijubﬁ dwolio 4 o, Ko
layley uyas ( 2 5 2 tslol (slaasly slass (aohl alexl ol Sal, 5 asasloy
0992 295 9 Cenioo L bLGI 005 piin 4z 12 (559blS 0y (i 00,5 50 o
g bloanal ool ) (onds (cwdign (ool aali S5 s5bine 421y 535 (sLajls b comsline a0
Obsziils Gas cde sbads, 4 aiax)l g jazsls (Masoumi Godarzi etal., 2011) wis,S a1,
ol (o (gt aiyy (Lol og)d 5L i 45 Mg 5 (55T ASjlge )0 53 (sor (it
Az lg SO 8,8 s o e pmel auslul sleslawl alas 51 ey Saly  J> ol g an g aslo
.(Daneshfar & Arjomand, 2013) as5,5 slias Iy ol ol olaws zalS'L oyo ol sl ‘S«zli.;:guﬂ
bz slaass o Ylw S o5 s LSL“’W-?“’ JrsS sy9lid g ui’.._}b “U;ZJL:_,..:)‘?) -5
03,5 sloyl (6Kt ¥aoxi g Lay g5 Ty5m) ol 395b i ¢ g5lwlas asbe TSR Cr
oMl asliten Masl )L e ws.,,..»b o oy cmrdido 03 45 D9 o sy § o]
5 sy o ol sty 0l S il 3 50, Bl g 5| g 4Ly anio
slpias Lss slaolSails yo oy o 1o, g g (5o (gmohiges 5O ol o) 5 il
Ganjizade &) 05,5 aSh1 Iy cous Hlasdige (pjeal 0y58 18 0395 oyl b lasipe wgys (aslous
.(Ashrafizadeh, 2017
T 8psld e wisle slan; e sLrojg ol o (eolid ey anngd >l sla Lo 5o
e ass, ol SOl blsyl as az g b sl oo e g T JoS g0 sy (s 8l wiigeo
sleolfiils G5 ) Los Jol 515 sloolails 31 (gyls il slo Sl b ¢ couds st b
03ly S bl e 0S5 Bgd sloojer ;0 cudlad 4,08 Slawastie B aslawsesl
ciliseo gl olSisls 8,509, (599 y50b5e5 (slaoje> L L;.;‘,TGAK;;}%TU:AB Syl g emwlidan)
(Ganjizade etal., 2017) asols )L,8 aslie g oy S50 Iy dey ol 5o

6.’;3)'5,0] Slgime g C_;L,..o slails o 99290 alold pimen g o SO S i asg L

1- Nano-microfluidics 2- Biotechnology 3- Tissue engineering
4- Bimolecular engineering



o o (i diden g8l 31 (590 1F

Lo 9z ge (it slacusd sundiws (res  ciagh (b sy s LigaedyS daallasls
L Syge slac)les 5 jslin (cwiige oSy ;3 ) slaate «gord Olwsige Gl 012l
ol olmyl San by adsl sle aysal (B 4l sl eojgyp >l hliseo Jolhe o Ll
Creizad 5 Sl aiey Gl sl (5SS i (slocnyd 5l cants (widige Oligzeils
Kheradmandinia & Sotudeh) w58 =, kae I) il slaw)lpe conS 5 lalllas 4y 20>
.(Gharebagh, 2018

Sy cwdipo b (Dlierd Jyaze (Hhb 5o (culul (G285 (cord (cwditer o5 (0l 08y e
gl S o Ll el ooty 518 )l (Sen 1S9t ()8 el sloans jo a5 ety
590l pllas 53 gl odss LU Logace 5 ag b sLaald oizan 5 ol SVgasma >l
L3S 5y St Sl o AR a3 sy sl sl Syt ol g it
L33l (cmsyy 4 o i Oligzetils s loass S gz caoiiges (5l Sl 052 0
(Rahimi, 2019) cewl axs1o,  olowds E¥guama  cwsdige ;S (sound cwdiges 00kl

an % D5 b OhIan 5 (ke (Olal )0 gord (pdie (el kS S5ug yslaie 4y
0l 0352 slaolSasls 50 ol gy 5 gly Lo 9y § (oo (swidigen Ay (oay daliyy
Ozl loolilasls ;o unyad slo gy 5 aslin b jsSie sla g, 9 Loasliy aplie (izan
OIS a5 59)8 () S Anlip polae il g gu50 Adgi (SOl sy, adear 5l oz o
5 2Bilel mg)0 4yt a5« Slex 59y Dlegge 5 cimio slajli b ol 8,5 lwhen s
-(Moghaddas etal., 2019) cewl 0545 bgzeiils las aus 0,5 Foo,mns

Sl gars (i ple yo Ty (£9it0 (sLaools degazme a5 saz (sl s)lid o4k 4 az gL
Laosls copie 5 Judos g o «g5lwopssd sl Tosls pde 4 o5 laasue cony NEEL g
93 o D950 Ol b SRk (b b 5 (Sluls) o oo ;5 il ke
2870 40 s sourh mrdifes Olgzisle b NS slaosls byl sla gy (gl 5 0ol ple b Laspe
sy Lol bl 0925 5 Lol b Lae (slo b L 552 (glmolStils yo 00ls e L Lo g
oYolss B rsgs an ;ol8 IT SCalindgeys gy aliy aSiol 4 a>g5 L L(Lavasani et al., 2021)
Slwpllon (Sliwly ;3500 ool Jadyw glgamme ;3 (5L sleniun s gole 351 128 (5518
29223, Sl (Sl 5 030,55 bawgs (ole o sy ol (S 5y, rizme 5 craio el b o
S3lniun aolip g 00 y9y0 130 )0 Sioalizngays oy gl slog) 9 &2 SLao LS il 12
{(Zargarzadeh & Pazuki, 2023) cowl 0008,5 3l o 390 5wy (b Sgupo Sl (So0a>

1- Chemical product engineering 2- Data science



10 o) Sod g awilalw doxo
gl S 9 05 ogar 50 addS Jlo gt (b oaplosl Slallls a5
Cedly oyl SO el 00 piie Gl (casige (il (i aslibad )3 oS ard (i
5 9uie ooliwl sae o 4y c0ye ol laasis ¢ ) S uilccws acacs gy e aS el ()90
Jozaalo baye gla Joslligiws By lasliian (cn 59 pole Oyl Lo gmseS @390y
b 3l el )5i5 0 550 0,99 (b (o kit Sl slpazma 5 Lo 39, 50 5K etiz
ol 35 Ol o (i (ol gy 45 30 5o 58 5 L G )Ll 050 s 019 Lo
el pas g Giobew JB e oga>

GR35 9 390l 30 9y L SISt g g Y

5930 (g § Sigal 3,508 58 o (e ) i (s lglil e 5 Vg (g (ol dalel o
a9 o lwign Ghygal 5o oz SLadSog; (e 50 Sl 00 sy dime 23
Syl o 4z gl b cwl axd T LS s 9)00 Jlizms slagysld o (s dpaz 9 05 UsS
L o groige bz 5l (Jraxd laan) ans () Olgd Lasls (rrizen 9 (55l
Jo ool (DL Gl crge (Sl iz gl aS e 9510 Ligy dngs 5 Gt 4
9 320 slaagaz canlol ;o 5) ool 51098 oo (golaml arugi 5 (sand (g 0oz Jiluws
Dloads guyyy (gord (sl ) (SR Saaz Sl

o lwdige (Bi9al )0 iz (slas,Sog, Y
b 0 g0 S gzl 4 (sl iyl cagee s G casdige (el )0 Glgzedils
0 gl (59l g 40 4z b oS S ) (cwaige sla)lS sl sl Y slacles
sl 1Ll (slacsglid 51 SogpSUl ngal 5o - nol )T 51,8 d 55050 523 | SigySl g0
S ao ol ol ol Hlgeiils ay sijsel (vsy ol 0guis e oolitiwl _iygel slarze 45l
Al ld casptd (Bigal Slaaoe 4 ainlyso oS Sl 0 g bty o

LLlas olsiisn <V JS8) Dagas oolslisy sl sl easlensas (o900 supas ar azgiy
3l 0552 58 e B lalllas 5 o byzils g (SeigySI gal  cartien B9l (e
el 0a plowl Clllas Jlisl s Baa b ligasls i (ols eS)lin b gouts (lwaige
Hgel gzetils SlalS 355 oo canlive azslin o oo pLas] LajlyadS sl plas o o ST Y JSCo
ilaxd 558 sy dalllae 050 i *(gilome Cably g oty (6,500 T il (6,500 Tygo o, 5

1- E-learning 2- VOS viewer 3- Distance education
4- Blended learning (B-learning) 5- Virtual reality (VR)



e g (i diden izl 3t (5395017

virtual learningenvironments

chemical engineering departmen
social networking (online)
software epgineering Iaboratay course
\ . &
educationalechnology | Phase duilbria

[y
X S teachingamethods
professional ESP“‘S. chemi pedagogy
problegisolving . ® Undergraduate students

higher @glucat
visualization

< chemicaliactivation
~heat transfer

engineers

s Safety engineering

i

x y \ e
/ & chemicalidetection
Agoed dpssroom X

machinaleaming

| stydendearning ;
matfab chemical ‘eva(vo}?

chemicalfndustry
& VOSviewer

(o iten liiiylS (3901 b Laipe Sl Slojren Lalgy (sl 2 syl STy 4k ) S
(E-learning) g yiSJl b3 9ol g (Chemical engineering education)

& VOSviewer

(oo (i lidiylS G590T b aipe Uil Slojren Lalyy (ol 2 oajlgunalS o515 s ¥ IS
(E-learning) K951 ijgel 9 (Chemical engineering education)

ol 5o (omolual § (Sl jlmn (i SBjgal alyd o Sl jolie Glgredr byl

Wlg ge o0 NS5 Blgaesls (61385 a0 ols coenl .alo 55 9 Lgy (6500 Layoe SO

O LS a8 cazmt )0 5 ok dmsgs (295 slacdlad 1 e (088 Loty Jlesl Gy

29 2obige Gl s gl Slazlse £55 5 (el 4025 ASL (5oL aslyd yo Olgmsls

oLyl lgantils )3 | soalogs &y an (6,55L (Ulgs (Sl slaylil 5l oslaal dwsly oyl

&S Tnl 0 <o LB L ()98 grwl g (w9 Losyg5L Ol cobl j50 slaylil .aes o
S e ol ) cjgel wolie



el il g s Olgie 40 (Sl gloolKaws jl ooliul (xdly yo (Sigpsl (5,50L
SrSob asle ' pwlis 9) (6 SO ol (SigySIl 50k SSos wylie o cenl 650k
ok s sl (63650 51 (o5 (il (6 50b sl Tol o (6,255L S8 (6 S0k o Al
sloslinl Joli 12513 6,50k s oo bl 39, 99 1o (Shol Ll a5 el ®es il o (e
OB 72 53 9 (585250 ;2 Sl aF sl Tongp8l cably Ly il aSiang wile « laylil 5 Laasl,
oly o (5lnolKinsd Loy’ 45 0, co 00l l LISl 3l olyas 5250k nl ooliasl L5 il 5
ol sl coll Bl SO o aS ol Haan a5 aes o) Bl ol e gzl 0 g Wigts o o),
s Sl cwlos S cdz g al) i az iyl sl Jlo )5 slen (652500 @dly 5o 05, S
S5 6y9ld sloolws 5l Slanin L Loy (250b bawoee SG ezl a0 (ins L @8lse
h 2oy sloliz b SO S a8 0 pal colen slapali b el adea 5l o B
b 0 9 (SgpSUl 6,50k b aSlgs e a5 s oo lid cxloas oolimwl wlads fppiny gl as
(Diaz-Sainzetal., 2021) 5.5 Sy olyan 5,5k« ols

Problem based

learning \

Learning by Design

domg Thinking
B-learning

E- Iearnlng
M- Iearnmg
i Gainlflcatlon Flipped classroom
U-| Iearmng
Learning Adaptative

Service \ tests

(Diaz-Sainzetal., 2021) g oolaw! (E-learning) Suig Sl (5,50L ;0 wiilgi o0 45 ol bgy ¥ S

599 ol 5! &}yi.\—\—\”
4299 ol 5 el 5 Jkass Yo ez gz gl Y0¥+ Gole 53 V-9sS (gyle (S L
olisld s g (gond (i 0SS o (slasdllas jo an oy 6L G%’a-«‘ gy SO

Ve alwa L YeYe oylo 51V8-00955 wgpmg 3l b asdas 3 Jobb j0 " e oasue )Ll

1- Methodologies 2- Ubiquitous learning (U-learning) 3- Mobile learning (M-learning)
4- Conventional 5- Internet based learning 6- Augmented reality
7- Face-to-face approach (F.T.F) 8- Department of Chemical and Petroleum Engineering, United Arab Emirates University



o st (i diden Siigal 2 (5390 1A

Ol A oy card it (lgzedils (Jrans Comig 1 590 ol 5l pigl 0 es casye
03,5 b e 'rllas Cuoglie g (omdige (033 )3 45 (sag Lo (92231 £ (59 v (ki
S5zl WO 5 18 AV (i L0510 Frwl el iy au Glisarisls soles .aun ploul iaos
P99 ey 030,58 ey 50 (505 00,5 2538 938y (> (0 50 45 ez Sl
il (g (sole Jlaws g ASl0LS cole @olio adosr 1) (Loasillg )6 0590 b Lasye )0 4
olyass oo 8,555 L T51T S Laoma b Loy dali Siensys 4 oo 30 058 Olszils el
oy 00ls sl 3815 MalS Tl 33150 (slaarS DLl L 705l i b e Soop  Slea o5
Sire Obgzetils i (Jlo (b adog eud gydug; cupnl (8 il b gl (rpaax
Ul slylil 95 50 sl (UStio ol 00,5 35005 cdatyy (gl (sLwoygo (e 50 45 oy,
Szl cusls 55057 38150 U (> el )3 (plagwl o i Ghgamtils olUasl flas
ot 4 optz Uizl b9y slre cdlo b annlie ;0 000g sl Loy ) 99 1 5l (280
oS e b gy basyy oty (ramall 1 659, ool L 5o a8 55T Jlo olgeils
el 6 a5, Sxin Cillsg alool 4o 05,5 slinel 5 alKasls ohslice b ole Lol

.(Ghasem & Ghannam, 2021) 4554 odis g,dg, 395

"3 2 e Gygal Y-
i 055 )l (S50 e Wl | etise slacsals (Ll 5 OUlszr g (SeS Jd
(e a4 0ol (asS odid anlie ply Jobs ol cciliseo gl planil (sl 0 515 aSlos,s
S e ool gL bl s eyl o ledbl s

&l 50 Ol 0ligz )0 OebXel laj 31 ot gal (sldvara; )3 (53 juolie 3l oolinnl Ll
@bl (s b a5l g, l)) cilisea slaai 51 o g5l sl lalllas el oats 3)hS
oS 39 iy axblolejl (5L SC Bl 0wl oo (Sley (b S als oo (59l 50 (bl
" Glwb" oMol asb oas >l 08w Al Baa b g anl jascin Blaal s yuslsd gl
gl ol 53 T il oot ol Yoo Lo o 'S s 6l 4 3L b S Loy
ORhen 9 "S55 L oat il e 5l GleS e aaie cilai 352g L g 0t Jlosl 5
3k yolis a5 (2lr Ms3hnd slaanie 0 53k jolis jloslinnl” 0y oolil azye Glgie 4

1- Engineering and strength of materials ~ 2- Reactor design 3- Household environment
4- Agree or strongly agree 5- Online assessment tools 6- Neutral to agree
7- Game-based learning 8- Gamification 9- Nick pelling

10- Deterding 11- The use of game elements in non-game contexts
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Improving the quality of

classroom learning
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Kahoot https://kahoot.com/
Testing students Socrative https://socrative.com/
Mentimeter https://www.mentimeter.com/
Mindomo https://www.mindomo.com/
Genially https://www.genial.ly/en

Social networks

https://www.youtube.com/
https://www.instagram.com/
https://www.snapchat.com/1/es/
https://twitter.com/explore

Quizlet https://quizlet.com/es
Padlet https://padlet.com/
. Google Classroom https://classroom.google.com/h
Sharing contents
Moodle https://moodle.org/?lang=en
Concept Warehouse http://jimi.cbee.oregonstate.edu/concept warehouse/
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1- Essential Science Indicators, ESI 2- Stimuli-responsive polymeric micelles
3- Drugdelivery 4- Cancer therapy
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1- Enhanced permeability and retention, EPR 2- Photolysis
3- Antimicrobial active packaging films 4- Antioxidant Gelatin/Curcumin composite films
5- Active food packaging
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1- Advanced electrospun nanofiber yarn-based textiles 2- Wound healing applications
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1- Advanced oxidation process technologies, AOP 2- Microbial electrolysis cell technology (MEC)
3- Membrane process technologies 4- Reverse 0smosis 5- Nanofiltration

6- Ultrafiltration 7- Microfiltration 8- Pressure retarded osmosis

9- Forward osmosis 10- Membrane distillation 11- Electrodialysis

12- Dialysis 13- Liquid membrane 14- Molecularly imprinted membrane

15- Freeze concentration
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1- Steam reforming 2- Water splitting 3- Electrolysis

4- Photolysis 5- Thermolysis 6- Thermochemical conversion of biomass
7- Biomass pyrolysis 8- Biomass gasification 9- Biological conversion

10~ Biophotolysis 11- Fermentation

12- Applications of machine learning and artificial intelligence in chemical engineering 13- Octave Levenspiel
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1- Design of experiments, DoE 2- Active machine learning
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1- Precision agriculture (PA) [Ref]: https://en.wikipedia.org/wiki/Precision_agriculture
2- Life cycle assessment 3- Decision support system (DSS)
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2- Systems-level 3- Quantitative chemical engineering 4- Depots
5- Monoclonal 6- mRNA
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1- Immunology 2- mRNA 3- Personalized medicine
4- Circular economy
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1- Process intensification (When applied to chemical plants, Process Intensification (PI) is the strategy of making dramatic improve-
ments in manufacturing and processing, substantially decreasing, equipment size to output ratio, waste production, and energy con-
sumption).
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1- Sustainable feedstock 2- Complex fluids and soft matter 3- Biomaterials
4- Regenerative engineering 5- Organ-on-a-chip technology 6- Targeted drug delivery
7- Life-cycle considerations 8- Multiscale simulation 9- Structure/ property/processing
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- Real time 2- Open source codes
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1- Experiential learning (Experiential learning is an engaged learning process whereby students “learn by doing” and by reflecting on
the experience. Experiential learning activities can include, but are not limited to, hands-on laboratory experiments, internships,
practicums, field exercises, study abroad, undergraduate research and studio performances).
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Principles of Green Chemistry

Principles of Green Engineering

P - Prevent wastes

R - Renewable materials

O - Omit derivatization steps

D - Degradable chemical products

U - Use safe synthetic methods

C - Catalytic reagents

T - Temperature, Pressure ambient

I - In-process monitoring

V - Very few auxiliary substances

E - E-factor, maximize feed in product
L - Low toxicity of chemical products
Y - Yesit's safe

I - Inherently non-hazardous and safe

M - Minimize material diversity

P - Prevention instead of treatment

R - Renewable material and energy inputs

O - Output-led design

V - Very simple

E - Efficient use of mass, energy, space & time
M - Meet the need

E - Easy to separate by design

N - Networks for exchange of local mass & energy
T - Test the life cycle of the design

S - Sustainability throughout product life cycle
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Properties Py Models
« databases * thermodynamics « simulation
+ estimation « reactions « waste generation
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Hierarchical Design Environmental Fate
« early Tier 1 Models
* Tier 2 +single compartment
« Tier 3 flowsheet » multi-media
_—Finish—~_ |
Process Process lm‘egratwn Envrronmsntal

Optimization * mass integration

Impacts Models

* multi-objective
* mixed integer
* non-linear

heat mtegla!lon

* midpoint - endpoint
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Course Title Credit hours
The following are required:
CHEM 2410 Organic chemistry [ 3
CHEM 2420 Organic chemistry IT 3
CHEM 4200 Green chemistry 3
CHEE 4010* Green engineering principles for chemical processes 3
Select at least one of the following courses:
CHEM 4210 Environmental chemistry 3
CHEE 4110 Green engineering applications in chemical industries 3
Select at least one of the following courses:
CHEM 3810 Chemistry of sustainable energy resources 3
CHEE 4120 Biofuels 3
EEES 4220 Environmental geochemistry 3
EEES 4450 Hazardous waste management 3
ECON 3240 Environmental economics 3
PSC 4340 Environmental policy 3
Total 21
20l (Toledo) gulgs oSl jouw (sounds gusnkidgo 9 (gomid 30 PSM Sy (s 3 3390 5Ly -1 Jouiz
Course Title Credit hours
CHEM 6200 Green chemistry 3
CHEM 6210 Environmental chemistry 3
CHEE 6010 Green engineering principles for chemical processes 3
CHEE 6110 Green engineering applications in chemical industries 3
BUAD 6600* Supply chain management 3
EFSB 6690 OR Technology commercialization 3

1- Toledo
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Course Title Credit hours
EFSB 6590 OR New venture creation 3
CHEM/CHEE 6970 Graduate industrial internship 6
Elective courses in chemistry, chemical engineering, and materials science 12
Total 36
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Green Engineering topic M&E balances topic

Balances on recycle operation in green engineering
process; green chemistry in stoichiometry; combustion Fundamentals of material balances
process and environmental impact

Various forms of energy in a green engineering process Energy and energy balances

Use of heat capacity and phase change calculation;
recovery of energy in process—energy integration; mixing Nonreactive process balance
and solution issues in green engineering

Energy use in green chemistry reaction, combustion
process; overall mass and energy balances in green Reactive process balance
engineering on an overall plant design basis
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Chemical Engineering Course Green Engineering Topic

Green engineering project drip coffee maker
Freshman engineering clinic Introduction to environmental regulations
Introduction to life cycle assessment

Life cycle assessment of a product

Sophomore engineering clinic . .
Environmental regulations

. Emissions terminology/calculations
Material & energy balances “ » . &
Green” material and energy balances

Mass separating agent

Mass transfer/Equilibrium stage separations .
4 £esep Risk assessment

1- Rowan
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Chemical Engineering Course Green Engineering Topic

. . Estimation of properties
Material science . prop
Life cycle assessment

Heat transfer Introduction to heat integration

Chemical thermodynamics Estimation of chemical properties

Pollution prevention strategies

Separation processes . . .
P p Novel “Green” separation process integration

. . . . Pollution prevention strategies
Chemical reaction engineering G hemist
reen chemistry

Heat integration & mass integration
Process/Plant design Flowsheet analysis
Life cycle assessment

Process dynamics & control Pollution prevention modeling and control

Unit operations laboratory Green engineering experiments

. . . Heat and mass integration
Design for pollution prevention .
Process analysis

Senior engineering clinic/Senior project Real industrial projects in green engineering
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1- Visual Basic for Applications (VBA) ~ 2- Sensitivity analysis 3- Case studies

4- Regression 5- Aspen Plus

6- https://www.semrush.com/blog/spreadsheet-software, accessed on Feb. 2024

7- Built-in 8- Graphic user interface (GUI) 9- High-level programming languages
10- Matlab 11-Python 12- https://www.scilab.org

13- Octave 14-xcos 15~ Simulink

16- https://www.colan.org
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1- Object-oriented programming 2- https://www.dnv.com/software/services/plant/consequence-analysis-phast.html

3- Handbook 4- https://www.aiche.org/ccps/resources/downloadinstall
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1- Computer-Aided Design (CAD) 2- Block Flow Diagram (BFD) 3- Process Flow Diagram (PFD)
4- Piping and Instrumentation Diagram (P&ID)
5- https://www.aspentech.com/en
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1- Virtual Reality (VR) 2- Augmented Reality (AR)

3- https://newsinsightace.com/2023/05/29/digital-chemical-industry-market-size-share-and-trends-analysis-re-
port-2023-2031-2/

4- https://www.insightaceanalytic.com/report/global-digital-chemical-industry-market-/1190

5- Semi- and fully immersive virtual reality
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Please prepare a business plan for a minirefinery with the capacity of 200 BPD

crude oil in 200 Words.

4% AiBusinessPlan Poe

| wish to establish a mini-refinery with a capacity of 200 barrels per day (BPD) for the
efficient processing of crude oil, meeting the local demand for refined products and
reducing dependence on imports.

Component Description
Idea Name Petrolite Refinery
One Liner Providing a local, sustainable solution for refining crude oil with a 200 BPD mini-refinery,
meeting the demand for quality refined products in the region.
T Local oil producers, small-scale refiners, and distributors in need of reliable and efficient
arget User Persona

refining services.

Dependence on imports for refined products, lack of local refining options, high

User's pain Points transportation costs, limited access to quality refined products.

Refining operations, logistics management, quality control, customer relationship

Key Activities
management.

Key Resources

Mini-refinery unit, skilled workforce, crude oil supply agreements, product storage facilities.

Key Partners

Local oil producers for crude oil supply, distributors for product sales, chemical suppliers,
industry associations for networking and collaboration.

Idea Validation Steps

Analyze local market demand and competition, conduct feasibility studies on technical and

economic aspects, gather feedback from potential users.

1st Year Cost of
Operation

Estimated $5 million, including equipment setup, operational expenses, crude oil
procurement and marketing costs.

Obtaining necessary regulatory approvals and permits, securing reliable crude oil
supply, maintaining competitive pricing, ensuring efficient operations and adherence to
environmental and safety standards, managing market fluctuations in crude oil prices and
demand for refined products.

Potential Business
Challenges
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1- https://en.wikipedia.org/wiki/List_of_chatbots, accessed on Feb. 2024
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. You
’ write Openmodelica code for a CSTR with first order reaction, volume of 2 m3, and
initial concentration of 3 mol/m3

ChatGPT

Here's an OpenModelica code for simulating a Continuous Stirred-Tank Reactor
(CSTR) with a first-order reaction, a volume of 2 m*3, and an initial concentration of 3

mol/m*3:

model CSTR_FirstOrderReaction
// Parameters
parameter Real V = 2.0 "Volume (m"3)";
parameter Real k = 0.1 "Rate constant (1/min)";
parameter Real Ci = 3.0 "Initial concentration (mol/m*3)";

// Variables

Real C "Concentration (mol/m#3)";
Real Q "Flow rate (mA3/min)";
equation

// Reaction rate equation

der(C)=Q/V* (Ci-C)-k* G

// Flow rate equation (input)
Q=10;

initial equation
c=ci

end CSTR_FirstOrderReaction;

- ChatGPT3.5 L ouuis uugi OpenModelica 3810, oS4 S
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1- Scanning tunneling microscope
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1- Bottom-up approach 2- Top-down approach
3- Etching 4- Thermal evaporation
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1- Mechanical milling
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1- Electrospinning
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1- Sol-gel method 2- Chemical vapor deposition
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1- Physical vapor deposition



14) O3l op g ( BLidieo (yunns> yuol

£ S9rSI g5 S5l eslanwl b osle (ol (s 0500 Jroe e ate (e 0 4 el
oa83)lg 55 (slaJoSge b S (ol .aigds i (cail ojlasl 4 )3 9 o0 Secl a5 095 o
252 0 g S s § gy s 31 45 0 o Lol Loy 5 iS00 0555 aliime 4
Dy S8 8 525 S Y S0 5 9580 o5 e g (59) 2 S2les 5o Lol (ol S e
LoaY ol coslies a5 asS adgs alans slatutigy v 5 SU Lo pa wilgs oo (Sopd ) Lo
3l gl bl U sz e3game )3 Wil oo

b 53 oo Jasil Jolis oS conlsd (itigy G obml sl (o395 ,Be (Seid 25
S Cgmy 5o a8 ol wglas (ol b el )b (plardogu) wline anld ol ool ol
Rl 50 258 0 89,8 el g0 4 3,5 Al Cgan 45 (olajlu i b adgl olge ( (Sopd
slabyy el G el o (iaSTy adiione 4 gl iy (e ol JLw (loarbioge;
Stivastava) 092 oo 00zl Yyane (PLD) ' cudbsed oy 5 2logsS aile (Sed ;L gy
(et al., 2020

TSl s F-Y-Y
355 Sob gl @i b codaS L 0l 39l aS sl (Sloords o b SO (> a2 g
b ola oo 500 slales o (518 N loSs agios Jols 5 05 00 slol LeiS 55150 (ol asS o
Sl 00y jobo d g (2l g oo 00t (gl el JLad olge SaS 4 YU g bk
5 o 00l Z00 alazrjl gl aasST sls05l Lo

sl el S0 a0 5L 5 358 g o0lisalolgagili Lo (sl poma oloonc dsond )
B Sl e S ) 45 cenl (G35 0,54 S G ol aesezme (2l 3)ls o>
85 95k (s29) (S5l Glonid S50 griwles Sl (gl Ol oS & seme 9 0,5 o0
oSy Job s Led o o)l (sl 9 098 o0 y9abogé ol ond ol (Sl (e dxxbo 59
S50 58 palas Hob 0 (59,5 b 095)] SlylE 3l o sl SO Lad> (gl 050 o oola]
(Srivastava etal., 2020) 1515 Ly (aSTy Jobs 5o lols

" Jbyiglgus .O-Y =Y
‘)5"“&59 c.)l.m_w‘ual} é.s).dju’_)w w‘?bmo‘jﬁyb .)L‘?u‘db.s ‘_,’_sLe)fJJ 0“9))‘
Yoo YL slablos ;o gy ool o LS Hobo 4u 0,5 )18 oolatul 550 calisis aslin ;o wilgs g0 aS

1- Pulsed laser deposition 2- The thermal decomposition 3- The solvothermal method



(5o g difen 33 93U (559 VY

Alools plis il wldllas 5l 20 S ol 0gd oo ploul Show §58 0w, 5o o5 solw a)o
SISl a0 Yo o (S S omb slales )5 | b Jlewy S5 BleS o0 29y ol sl oo linnl b a5
b solodas s sl sboanSTiohld asle alises dlgagil coddse b ole)S J vg,y.90,5 0 gs
Sy ol sleas el oo o (59, ok 3l lralesil 5 salises glgil .ol 00,5 0 g5 |,
Aoz dlge ailu Gl ogs oo ooliw] STy o lgie 4 ol g cilises sﬂ sl P>
sl Pl 1y sl s )l cowlie P> SG Gl cewl ol Lo o9y o2l 5l eolawl b
Al .05l sams (ST - N> aaine JuSiid g 2STy aysre paels 5o slasBys ais o
abaii g8 alais ( I« JsSse 09 abozs] silie slaJale (29) (2l sl P> L
el ogn 4z S bas 0wl SGSdlgo coli g condad « daBes lew s (sl )S (g
el s Pl o (1o Sy gozme Olgis @ aS )l (S Pl clad 4 it Pl
IS sl IS ezl asilee Jloysglgms gy 5 oolinanl Sy50 goly I slo oo 250 g0 cdyas

(Srivastavaetal., 2020) JoSIS -, L3l g IS s« Jasbus ¢ Jg3bss ¢ Josbgpm

(b s o g, F-Y-Y
e s sl o5 el (b iy ol 5 e sarslin Sl (S (o s auls
33 (s e S5 50 45 (el ATy SG )b 5l le)S 29 59 3580 00 lianl j L Lugil
S Lugl olgo 5 oo plosil oai pgagye Byl SO o (Sl abais Bl bl o YU sles g ,Lad
50 45 Sl ol gl s sl (o) i gy wiile (2le)S o gy il e S 4
slaailebs o Liges (loF Pl 5 (oo 52 slagtg; pdion plol (ol bme S
oty puige Slyagils s Tl igugSole S5 & o i g 3 gbee ol aie
WSoo 5 o2 b 5299 0le 9 (2le)S pw () 93 78 Shilie a5 w0000 S SLLs 4z
atile lgs il (slodain sl adss sl (samie sla ) (2S5 (2leSiiw sla s,
b o5 ape s a0 (nlo w29y s LaoSeil g wlriogil e aliogil o pegil
el 10 e (55l g oo 50 (505 oems el (2l Jazme § Lol (5 olidie e
Slosynd il (gl 0lgagils ol g () (BT LS Lugil poslos aruSTss ol sl by,
9 (St smbliie (Slaosls 0,53 (695 Seig Sl e Sig Sl aile aslygLis (s Las ) 5|
ol 00l oolisiw! Sogigd )

Sl e ) adepe el 1 e Jobs (oloS b () oyl ) JlewsS 0oy

1- The hydrothermal process
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1- The reverse micelle method
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1- Electron microscope 2- Transmission electron microscopy



(o (gdite0 50 $IU (5y9Uid V-7

Lo 95059 (@ Syl S Jmnls (2 omne S aLrogili (0 Mb Slhdgili (A 51 )90 (595l g5wgSao yaglias . & S
Slgagili 3 (g 9 M Shogl b ovnidias Joui 51Yh S a8 b (5900 (559551 3959, Sn0 900 (& ile )5 Juantlo (&
(D.R. Baer, May 2010) o¢.% o0 92930

(SEM) (o229 S8y 55y Sioa . Y-\-Y
Sl owae g loolin la Sl slagiyn 5l aS conl aied; 08 gy S0 (S9ySUl gSg, e
S oslinul Ladigad 5IVL 2529 b juglal s sl (b liieg, Sl L Sl
S 2S00 2y ) (2o JUSirms o sl (b (1009005 9y S0 (biogy (S9SNl D989 e
h yegili) 5] S g9 g o (S o0 eSiain |y adgd prlas (SlS50s5 Sz 9 (ool oS
ool S, e 0231, 8lg agils S 5 050l s ol s poias oliias lScol 5 3y31 e 4
S 3 500 (LAl el Wl oo (o) (S975U 3KmgSn s digas (gluoslol aiylé ( JL>
S ULy slse 5L S B8 4 S b b JsSge sy (ailiigy 358 Slsogil sla S
(Linetal., 2014) coul 5L 390 bl (sladigas (sl ol

S el laylizLugil g o) Jelo g s (sl o) a0 (99, So (o) (H97S 055y Se
(P59 aiile (2o Ty o (ol 5 2800 i ol (S1T5095 5 S5 99 50 (SN
s BB (2led Sy 1o 5 08 ROl |y (BTl S wledbl g oS culisesy,
09 97 859, S o ol 1y 95U 9 90 (ol )3 Lyl L s (ySal a5 ]
Slsiz 45w adsi ) (2o i 5 0500 (Sl (S9Sl slagin L jo ]y aiged mhans
95 (P9 55nsg)Sn Lo oualisdds o5 08 0 (pSixita |y (ool iS5 5 (BS055
Ol 18 (Soews 00 (aseine Agad plet 5 Silles sla Jole 4 Ldas g conl o5l Y 590
Sl 9 S o0 )5 Aiged oo 4 00 ase 9 4 TOLd o nda sl (Sla gl ol 2 (o)
(Kumar etal., 2019) aas g a3l |, YL =35 o

1- Scanning electron microscopy
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1- Atomic force microscopy 2- Scanning tunneling microscope 3- Scanning tunneling spectroscopy
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1- X-ray photoelectron spectroscopy
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1- Raman spectroscopy 2- Infrared spectroscopy 3- Surface-enhanced raman spectroscopy
4- Tip-enhanced raman spectroscopy 5- Fourier-transform infrared spectroscopy
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1- High performance liquid chromatography
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1- Mass spectrometry 2- Inductively coupled plasma
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1- Dynamic light scattering 2- Nuclear magnetic resonance spectroscopy
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1- Photothermal therapy (PTT) 2- Photodynamic therapy (PDT)
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Subject Researcher Year

Blood rheology E. W. Merrill, MIT 1959

Attificial kidney design E. Leonard, Columbia 1959

Analysis of hemodialysis C. K. Colton, MIT 1966
Biomembranes A. Michaels, MIT 1966

Heparinized non-thrombogenic biomaterials E. W. Merrill, MIT 1967
Radiation produced biomaterials A. Hoffman, MIT, U. Washington | 1969
Contact and intraocular lenses N. A. Peppas, Purdue Univ. 1976
Protein delivery from polymer matrices R. Langer, MIT 1976
Intelligent hydrogels in drug delivery N. A. Peppas, Purdue Univ. 1979
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Problems for biomedical fluid mechanics . . i .
Mark Johnson, Ross Ethier | 2014 Cambridge University Press
and transport phenomena

Biotransport: Principles and applications R.J. Roselli, K.R. Diller 2011 Springer

An introduction to modeling of transport . i .
Lo . . A.K. Data, V. Rakesh 2010 Cambridge University Press
process: Applications to biomedical systems

L . G.A. Truskey, F. Yuan, )
Transport phenomena in biological systems DF. Kat 2009 Pearson Prentice Hall
.F. Katz

Biological and bioenvironmental heat and .
Ashim K. Datta 2002 Marcel Dekker
mass transfer

Thermal problems in biotechnology K. R. Diller 1968 ASME
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Biothermal-fluid sciences: Principles and . .
L Wen-Jei Yang 1989 Hemisphere Pub. Corp.
applications
Heat transfer in medici d biology: Analysis
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and applications
Biomedical engineering principles: An
introduction to fluid, heat, and mass transport David O. Cooney 1976 Marcel Dekker
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Transport phenomena and living systems:
Biomedical aspects of momentum and mass Edwin N. Lightfoot 1973 Wiley
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Biomedical applications of heat and mass . .
wransf R.C. Seagrave 1971 | Towa State University Press
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CENTRAL ROLE OF ENGINEERS’ LIVED EXPERIENCE IN
INNOVATION AND IMPROVEMENT
OF EDUCATIONAL QUALITY

S, Shahgoli!, A. Pourebrahimi-Alamdari?, R, Ale-Mahmoud?,
and R. Sotudeh-Gharebagh*
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DOI: 10.22047/ijee.2024.458840.2083
DOR: 20.1001.1.16072316.1403.26.103.7.6

Abstract: Currently, the engineering education system in Iran primarily focuses on
hard and traditional skills and lacks a well-defined program for teaching soft skills to
engineers. Improving the quality of undergraduate programs requires the integration
of education with the practical knowledge gained in the society, state agencies, and
economic enterprises. This can significantly enhance the educational innovation
and future career advancement of engineers. Utilizing the professional experiences
of engineers in the structure of university courses or extracurricular activities
is one of the effective measures to improve the quality of engineering education.
These experiences can serve as a communication bridge between the university and
industry and familiarize students with the real-world challenges and opportunities of
the profession. In this research, this idea has been explored and analyzed in several
different undergraduate programs at the University of Tehran. To evaluate the impact
of successful engineers’ professional experiences on undergraduate education, a
systematic survey was designed and evaluated based on psychological criteria. The
detailed feedback from students was collected and the results were analyzed. Finally,
based on the findings of this study, recommendations are provided to improve the
quality of engineering education. The serious and continuous implementation of
these measures can play a significant role in the development and advancement of
the country’s engineering education system and adequately prepare students for their
professional environment.
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experiences, innovation
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Abstract: In this article, the role of chemical engineering in human health applications
is mentioned first, with a particular focus on (bio)medical engineering. Then, the
historical background of this role at the beginning of chemical engineers’ activities
in this field will be examined with emphasis on important issues. In the following,
the future horizons of chemical engineering in several important fields of application
in medicine, such as biomaterials, drug delivery systems, and tissue engineering, are
explained briefly. Then, the importance of applying chemical engineering principles
in the link between chemical engineering and tissue engineering/clinical medicine
(translational medicine) is intensively expressed. Finally, how the lessons related to
(bio)medical engineering emerged in the chemical engineering educational program
and its development until today, including the master’s program of chemical-
biomedical engineering in Iran, and a short conclusion will be presented at the end.

Keywords: Chemical engineering, biomedical, biomaterials, drug delivery, tissue en-
gineering, curriculum
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BIOTECHNOLOGY IN CHEMICAL ENGINEERING
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Abstract: Biotechnology is a fascinating field of science that has emerged from the
study of yeast and other microorganisms and their role in the fermentation of various
substances. This field has undergone significant theoretical changes and has led to
remarkable scientific and industrial advancements. Biotechnology can be broadly
defined as applying biological technologies to develop new products and processes
that benefit humanity. In this article, we aim to better understand the past and future
of this growing science and to identify appropriate strategies for its growth and
development in Iran’s scientific and technological landscape. To achieve this, we will
first explore the evolution of this field and then examine the impact of international
economic and research institutions. Finally, we will assess the status of similar
institutions in Iran and the role of chemical engineering in advancing biotechnology,
and make suggestions accordingly. With the right strategies and support, Iran can
become a leader in this field and reap the benefits of this exciting science.
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NANOTECHNOLOGY IN CHEMICAL ENGINEERING
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Abstract: Nanomaterials with their unique properties have created a revolution in
various fields of science and technology because their application has improved
the efficiency of many processes.This review paper first introduces fabrication
methods and characterization techniques for nanomaterials. Top-down and bottom-up
approaches are two main strategies for the synthesis of nanomaterials. Each approach
offers a variety of methods with considerations for scalability. Besides, various
microscopic and spectroscopic methods which are used for the characterization of
nanomaterials including size analysis, morphology and chemical composition are
discussed. In the following, the focus of this article is on the effect of nanotechnology
in chemical engineering. Examples include the development of highly efficient
catalysts and adsorbents for the oil and gas industry, the creation of advanced drug
delivery systems, and innovations in water treatment. It should be considered that the
future of nanomaterials lies in nanoarchitecture, which is based on nanotechnology to
create complex and functional material systems by integrating with other disciplines.

Keywords: Nanotechnology, chemical engineering, nanoparticle synthesis,
nanomaterial application
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Abstract: This paper discusses the impacts of digital technologies on the effectiveness
of chemical engineering education and their potential to enhance students’
professional skills. The integration of digital technologies, such as spreadsheets,
mathematical softwares, industrial simulators, virtual and augmented reality, and
artificial intelligence tools, has revolutionized the field of chemical engineering
education by creating interactive and contemporary learning environments. These
tools can enhance the comprehension and application of concepts and facilitate
problem analysis and solving. They also provide virtual practical experiences and
stimulate greater engagement with the subject matter among students. However,
the adoption of digital technologies also presents certain challenges that should be
addressed carefully. These include the need for adequate infrastructure, training,
and appropriate assessment methods for fair evaluation of student performance.
Despite these challenges, the effective utilization of digital technologies in chemical
engineering education can enable students to cultivate and refine their technical and
professional skills. Moreover, it can assist professors and researchers in developing
advanced tools and improving the overall educational experience.

Keywords: Digital technologies, engineering education, interactive learning,
educational experience, artificial intelligence
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Abstract: This article introduces the concept of green chemical engineering as the
intersection of “green chemistry” and “green engineering”, emphasizing its importance
in the chemical engineering curriculum. This article first describes the twelve goals
and principles of “Green Chemistry” and “Green Engineering”. It highlights their role
in promoting environmental sustainability and reducing the ecological footprint of
chemical processes. After this introduction, green chemical engineering is explored
in more detail, focusing on its sustainability criteria and how these principles can be
applied to create more environmentally friendly and sustainable chemical processes.
The discussion then turns to how the concept of green chemical engineering can be
seamlessly integrated into the chemical engineering curriculum and suggests changes
and additions to existing courses to include sustainable engineering topics. Finally,
the article ends with a short summary and calls for the inclusion of green principles
in the educational framework for preparing future engineers for the challenges of
sustainable development and emphasizing the importance of equipping them with the
knowledge and skills necessary for innovation and responsibility in preserving the
environment for sustainable development.

Keywords: Chemical engineering, green chemical engineering, chemical processes,
environment, curriculum
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ABSTRACTS

A REVIEW OF CHEMICAL ENGINEERING EDUCATION:
PAST, PRESENT AND FUTURE DIRECTIONS IN
IRAN AND THE WORLD
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Abstract: In this paper, after a brief investigation of the history of chemical engineering
in Iran and the world, the published papers related to chemical engineering education
in the Iranian Journal of Engineering Education, on the occasion of'its 25th anniversary
of publication, were reviewed. In educational part of the present work, the novel
educational methods such as remote education, e-learning, game-based education,
virtual reality education and the outcomes of these methods are discussed. In addition,
from the research perspective, the latest directions of chemical engineering such as
stimuli-responsive polymeric micelles, drug delivery, cancer therapy, antimicrobial
active packaging films, active food packaging, advanced electro spun nanofiber
yarn-based textiles, wound healing applications, advanced technologies for water
and wastewater treatment, application of nanomaterials and ionic metals, green
and renewable energies, and the applications of artificial intelligence in chemical
engineering were reviewed. From the foresight vision and considering the global
changes such as environmental challenges, limited world resources, the novel areas
of chemical engineering and its future, with emphasis on chemical engineering
education, have been investigated. With progresses in many interdisciplinary areas
such as energy and decarbonization, water, food, air, human health and medicine, it
is being expected that great changes occur in the education of chemical engineering.
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