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= FLE B AH G it A SpF 0 P02 2 IR E (net present value) (T 5

AL 4 aneR > BREEKFRFINIIER > NI T EOERFHE
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(time value) 7 B °
NI Sl

AEATOP BT Y i B IR L A s B 74 = 4 d(batch separations)
PIEHEF I A RDERIRYGY S NP ELSRFEFASRIE  FRER-R
EPoh it o IRITRE A Ak FAPE RARS T BT 0 R 4T
T QIR MERE

¢ & ~ 47 (Chromatography)* #-¢ %2 » 1 & & 2 FlZAp{eM d4p > ¥k
AATE e~ 15 B BRAERT > FA RaB b E S S M4t
PeFTART 5 FAPLRAP B EAPRE F S RAP P FITERFRIIET F 4P
REF R BT RI AR R KA L (L HRSA T

¢ K APTHNT Ry Pt FRLEF A e I KA TR KRBT
DA LA TR 0 TG AT 0 R S R 0 K R TR o U B AR e Ik
KFAF FAPRITE RIPRITE AR ATIE > RRA A AT o s B
BRT®L G HF IFHEATE a‘?ﬁﬁ#“f’éﬁ‘rii o B hy e R ATIE 0 F AP
BArid o - mkris 2% o

§OR AT EIER A e A S AE AR E R Ap 2 B A T R AL o
A RS AR FA G EF 7 b EF ISR B R R SLE A
PEFRAP L ART A Ao R A BB F] 0 A F T RN o B A 1T I B AR
i 4 L8 0 A4 A3 AR TR A dS i AR AP
YRR ER REF A BF LTI SRS FEFUPRE RS 2
Feao 4T HE AR - RGBS LHEA AR Y TR aF S E

TEEM? o AR PEZEEMY CEFRIIFCEL AP TAS

T o

e FP(LLE)h= B 1 & H 5 M ipt R & > EFARE B L2 7 4p

=3

Adre Hig* e ¢ ¥ LA s A3 E > blde iAo B2 DT &
% R LRE Dy E > A AL FHUEER S {2 3R AAF 5

FF TR (QEN RIS TR FERE S SRS A

Tl (D)F B 7 Aip B P A R R G0 B o gt R A A eiE B
FREERERMBADLE LA LRI (B EEFR MAA(
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10 CP) o ZRR g~ > HAcpF T B2 2405 (0)F £ o 3R 4 F B4R R ALK
SR g EET (DEERE LR R TR R S (8
WAz enif 2 L AR RO RO PFT R MBI ()7
LAF NN () I -

PR F P AR SRR ERE TSI R TS LR E N 2
BN o N F BB EE %Y & £ 4p(heavy phase) » B #=4p (light phase) ¢ %
% A £c4p (dispersed phase) » £ 2. 75 2% 0 i K € ke~ EARE R 4o~ £ 490 T
AR FEES N ME

Hois 2SN Bk 2 J‘é%ﬂé«)j‘zu T ERPEETEHE > Kb
VR B R A e 23 8 e R £ AT RIH e T A ddp
TR RS FREGE S RRFEa 0 LRSI ES

H# et (packed column) ¥ 7 3§ & 7 3 RFFME B 2 6 k4 gty o

P

£ (column capacity) °

V- faRiR PR PR A AR & vk B(mixersettler)c H & 7 - BRE®RZE ¥ -
Bz p ABEETRT 3 240 iR & F LR SRR ITURE > A AT
SRR CECI R - O N ot U L A SEE s Iy
FR AT G 0 Fla oA A RE o

o
=R
B
(g
£
£
=
f‘m

BEBRKA L FABELZIEACLE s HFTEAGET > FREDT
B F 42 8ES A2 FER UK EEBRTANDRA > (4% F 5107 i &
ﬁ%&£ﬂ+’m%*%@§%$¥®%$+@ﬁﬁ’?Eﬁ%$F%$§%

()l 3 S BIdE o * AL NRGR TR S ()4 S BIRAE T
(e)i%ﬁ%a%&ﬂ‘ﬁm%ﬁ'%ﬁﬁiﬁffy& PO R GRS FRI £ ke

#73) #x i (adsorption) R4 i3 FHFIX 324 €4 B g X g h It HE P

£
RZ g Fom 3+ 2P (lonexchange)R|dpi3 F b it FAMPA X B4 £ 7 s

i\4

B FAR S o O T LSRG P R B A RE
$fedtns 5 % A2k (clays) -

F MBS HAER & B RY BB IR 4 23k F % 't iE (Thermal swing
adsorption > f§ i TSA)frsd § rX Zkdic f = "2 (Inert purge swing) » 11 % + & A 3
AR ede RAL I S5 2 (Pressure swing adsorption » f§ £ PSA) ~ B 7 i &'z
(Vacuum swing adsorption » f§ = VSA)fr ¥ #% X 5% %} ;2 (Displacement purge
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adsorption) ° 14 b F B PR F D EF L 0 R T kTG U B R R
}:%,,ifgét HI5EEL o
S L ARR Y

AEHATD AR A HI AR O E I RUEE TR A o 0
S EHB PR T BRI B E R DT 2L P BT AR
B E o PR BABIRAY O FL BITNE FRKTTDR A o

¥4 5 T & 4 F(COSHH)

R 2002 Al B T @B F ik ) (Control of Substances
Hazardous to Health Regulations, COSHH) » & $ 02 & JF 44l 1 228 s 4 R 5]
FBLF I TRAEY FAL DR G R B ORGP FEARRITERISF U

2okt COSHH 325 4 ¢ 3% L indh—

iz COSHH R > id s FXRIREFFH > T &R LG
FR@*RALEFIPFFTOFEL A F L ARF LR @Y o A g7 @FLD
T B GET R E M AR T TR G I ARETORREE AEN
mEAEORERS T hE R T IEL g e

COSHH ¢k % 3= e ZE§ A 30 0 A w4
(D) #=hh's Tl EFMR* XA L DRy THREED LDk g o
(II) A2 F&PADF D ATTEHEPDEE PSR L b G R

TR SRR -

(III) FFPF g 2 F @ DA e RRBAENBLA RS TIFFAL A d

fo & pen™ E B o
(AV) FEFRFR* frip § A4F LB HIHF  h1p FEHRPER OB IRFFE T
(V) ERER %55 kBDRG S FEF Q5 DER -

(V) HE 25 5  HEREFABL ALV ERERA -
(VID g3t amfeoh Lt~ F 2 ?ﬁ%'%‘iﬁlo
(VIII)  FEi%e R g%+ @0 By feEf-

C

APFPNFENI LR RTENPL S AP ENPFHPN T - kT
FEOBRERME Dk BrRHRETLT ) FR XYM KEF ML FL
ERAL ORUTIRELLIRE ¥ 9 ARHOREREL LR HWEFE
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KB FEFAE L B L AR

2. JEmoer i sk a4 i (Film and dropwise condensation)
PR P E FTEE FRARA- A FRTORBE G-

FEHRER R - o PN F A kRS A B AE LR FEN G RIS
Q  H&# 45 FAZ ERFRF + At=(t-)F 214 » PQ=UAAt, » # 7 Ui 1t 5|
¥l TRAE Gk

ti t to

FokeERd ETERINCER > BE L HETOEL > T

(ts_ti)_(ts_to)
ln[(ts_tl)
t—t

A tlm:
]

(ts—t,)
WRG AETT Y LG L Nl @
TR IRT > KR ZATKAERFRT AT BT

Q = hoA(t; - two) = hyA(two - twi) = hiA(twi -t)= UA(t; - t) £ # > hofehi & p 28 H e
BN E R Gl A h P EE BRI Gl B el B G iR

4 ipfice F v T NA T
1
u h h, h Wy

Bodkefoxws BAEGORBEFZ BR - pAMESY VILFLG o BN SR
SR T SNE a2

Nu = 0.023 Re"8 pr¥4
H? NuReZ Prawiefiic: 33582 4 il Al
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k.

c

HP ou oo o

wrrr g 0 /U /o™ e g > & 1u®=0 pF 5 h—ooo > “TERFEL 1/h, o

p 5w A Bl(Wilson plot) » 3% ik — B B~17 ¢h IRE S th e JE o
PRREEMHES AL c WIERP A v FRAP TR F 2

SFhfoitwm o T w FRPAp M RN

3. ¥ #] K (Control valve)

R £qd % F4pg B4 kirdlns > F ok Aaing - 8
A SR EEE T A F N TL R oMY o el R EFE R
R P e E R T AR ek (T o W o R AL H LR
R R R NP TR A EE R e IR
MEE TR SRR TR REERE TR WARE R
agmﬁﬁaﬁéﬁw@ﬁﬁoﬁ%ﬁﬁﬁﬁﬁ%éﬁﬁﬁﬂﬁﬁw’P%%ﬁ
feds =¥ g 4 4 e £ 402 e S TRl T 3] o XA W R Tl R T oA
FApE PADT A SNl B pAREE > FAFESE RTINSO
oo Flgt o TR fRT A IR 9T F 4F 2 (inherent characteristic) 2 % 2 4 14

(installed characteristic)en £ %] » w0 —‘F*{ ARA LM (S "ﬁ P87 Bk A e

7RG OM
FEhEY 2 AR AITIER R SRR SR o 4o BT
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) Jr—]

] |
|11
Marllual VVyV
Xitllvei Figure 2: Parts of stem of valve
° A, C: Nut
"""" . B: Spacer T
; D: Knurled nut
DK Manual Vo XD E: Packing gland
F.3: PTEF washer
Z' G: Packing
‘ T | follower
Drain | H: Spacer
Pump Airsupply | T: Spring
Figure 1: Flow Diagram J: Seat T

Figure 3: Flow pattern through the valve

2ER i MR R R i 2 A2 5 Q=CW(AP/SG) H v da g v ¥
Z_=(Bernoulli’s equation) > # ¢ Qi #A I E > APS G R AT A 4 TR
B MAREOT R IR R R 0 0 CT 5 R Trlic 0§ M F BT 4000 o gt
TRNTYEARDEE

RenE 3 Fila WP a2 B za ks AHE RS T > & 0400
SRR o L B IR R o RpROR R AR RDERT 0 g
BB R b 2 T L F G MY R ZRET Y S T RIHIRA G
A58 o P-i# B £ (Quick opening) © B R F L hpFiE o Wi A A RS g
B o g 2% 2R h¥ % o R (Linear) » SR E R B AR S DT 5] o &
vt 5] 3] (Equal percentage) » ¥ e 4o e R B IR E R S B4R F o

V- BROFELLZFE RS H FEETEHE R RN RF &
Brlens § R ¥ S RCRS- W ATRER P F G A SRR e §

Me Eaglfet §- CRR S0 THEREPRE A2 R PRYE R
R T

1
N
=2
T
-
i"'i
|l

PEFGR RS R LT RN T 2RO GRS DT > a4
sz i B (Fail-closed) 2 % 3z B fx(Fail-opened) » 7ﬁa- T2 § (vé B (Air-to-open)

2 7§ 178 B (Air-to-close)» H P ena i (Fpent 2 Y £ § 4 KR LA pFo
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HiFsden> m L h g 25k x 3 8 oot 5d 4 R 5 0 (76 (direct acting)
2 i 7 #5 (reverse acting) » 7% 5 24 £ o AIR £ adrd] kALY > AV A dedl 3

DCS e 5% e F 34 1215 & F f o
¥ b pR4R 3§ MR IR % 88 F i (Hysteresis effect) o 7438F 5 &) d 7
SR EEE EE PR AT TP o e d R R b b d
B 54 iRt > B F PR PR AT o )L L EF R BT SRIEE
oo R §FORRBR A T RIAIRE R > RE Y - % oo S P R
R G TA 2 I R TR 0§ % KR iz F(valve positioner) » k i {7 4y
FAGEREFE RN - REH > I B3 LR

(g
S

PRREEMAF I EEFFL  H BRI AFLREDIE G R G
cEhasrd s B R ERT TP LR EXERE o
4. £ ;% # 41 B (Plate heat exchanger)
#fﬁﬁﬁﬂﬁ%ﬁﬁgﬁﬁ@@ﬁﬁ%’&#iﬁﬁiﬁﬁﬁﬁﬁﬁo
Py MR <P F R ARBRLG B M ERBF Y SLA R
FHEEFT P LR FSBRBTCARASERR £ 35 9 e
Fo LA A o R AL ] G kS
AR > T mEe - %t a- FiATF - i BFFnTE LT 2
PILR Sk A g R o A el YT 2 A G e T PR 10 B 3
PIBE 100 5020 o B2 IR P g > & F SRl N HE o
FToRMNFoRFFIERTAITIZ XX U2 I ARTHIRT L
B

o

B FREAE RS RE TR T L BHAeT T e

7
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- <} Cooling

0 wWwater

@ H
T GANTET kT
FCATED et ~ f/,<l — Drain

= QOHA D, s

Source
@ Draln
P S
G ‘ng E Trap

; ) = Drain
Purmp —|;{>I<}%Dra|n

FHEY s > WRAMAGER SRR NG D65 BRAEL w1k

IFE-'
Hoeod- BHRAZTANEFTRYUBIMSE 5 BHRAT BRI LIk
%‘L@f /Z’\ I’t:"— /?‘ lrl - —\"‘/{_’}; - W’/m? ‘Sﬂ 'Jﬁfﬂ\lﬁ}_/m g/; %‘#J%.’élb@m/m o 5’

thwe 7ERRGRIBE LR ES -

al

FrRAEFEEL AR RO Y Rl A s g R T RA XK
fo 2 Sv 4B AR o

gk g B Q)T I T AR R

(i
Qi=M.y * C * (Ts-Ts)

He o C=4220J/kgK > Moy = "k £ i & (kgfs) °
oo s 22 AR A A ) e (Qo)An B

Q2=My * C* * (T2-T)
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He o Mye= @Az (kg/s) > » P e Fo ) @Az in gl crt £(C) o
B R HMEB ARG GET TS
Qi=Up *Ap* ATp
HP > Apir #HF BB @ g ﬁ.ﬁ(036m)’ M ATg s 4 BB F ey »xT 328 £ >
IS ST S A S

(T 3_T6)_(T2_T8)

(T3_T6) ]
(Tz_Ts)

ATg=
Inf

AR o R e B (C) > TR E R BA R E 5 L

I H 0 d(Uy) -
Qi=Ux *Ap * ATa=Mpe * C * (T2-T)

HY o ANL HBABAGRD G #(022m°) » Fl#GHY F140RS R G K &3
BTN T2 g A EA Fpt H 5 o TR £ (ATa)M B35 5 60KP~ % o
PRERSEMEFELBIEDI L TR FAARY ENEL DG F BTN
BLAE 0 P o

~ et R AR L AR

ABAR NP P AF AP Lot R BT E > FE AJRD

FEEERET A S PR IR R S R STy S R -
BT SN E S o F A A RN R B Bl foff i ilazeng B o 2
PR B R R e s RS2 B A FEIH A AT e
BB E 4 BN 5 B4 2 % # (Langmuir) ~ @ 448 2 # (Freundlich)2 BET
IR AR R ARE Wi * > LHHW( Langmuir- Hinshelwood-Hougen-Watson) %
Hois f5 4 H50 o ARV P dFEiT Y > 4o B8 § 4P FFz(isothermal gaseous
diffusion) » % & #Hz(surface diffusion) - /% 4pFHHx(liquid diffusion) » 3 > F]+
(effectiveness factor) » i #% 4 s 4 (diffusional disguise of selectivity) % # f
% (Thiele modulus) o p* *F 3B -4 S fF-F B E DR > o F 1 EHHEF B E
(industrial catalytic reactors) ~ & %~ & % (Membrane catalysis)'? % jig;n 48 % %
(Microfluidic devices) » 4 i & & % (microreactors) ~ fi% % #c ¥ & % (enzyme

microreactors) ™4 % ff 4 £k 48 (catalyst supports) o ¥ b 3% ff 4 7 47 (Catalytic
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distillation) £ 3+ < #% i1t (ion-exchange catalysis) * % % .1 (enzyme catalysis) °
wrpd 3 8 22 i (fuel cells and catalysis) » #4842 iz (solid superacids) 2 % 121 g 5
i 7k 8 (carbon as a catalysis support.) % 2_ /i 35¢ § hkAr B4 ® o

JRAE-G R VR A THF 0 e A RrA F B R A g A
FrodBmepIfEs Bt F e AAPRILL fPLR F ReDE RS M RF T
FAERE R e HERS BT o OEF PRI LR LA E
Sk R A F BRSO PAEZRERAFTE L AEFREEFF B BN
3 T 0 L F DR B Bk e B R e F ¥ ks € 34 0 i
2F ek et BK=kyki® € X PSR TR H W R B F BT AT
o= fEeF i AT A0 € 180 B ROE Y PR T o blde? fihs 2R
o b AffEOG AT > T g A FDE o

HCOOH — H,0+CO
Al,O,

HCOOH _, H,+CO
Metals

I 48 f&it (Homogeneous Catalysis)dy fAZ " f45-7 & F fedr 2 — i3 f3 > b4
fadfiigd LR Genpie FoRfRF oA A RF S ARREPEFFY
RA R FENHIEE T ER RS e 3B 4p i (Heterogeneous
Catalysis) [ 4p P 4+-2 & o4~ 5 7 ARG bldrF L ¥ 47 5 &

FE R ot 8f K S AR RS AR E B 0 2 F AR BRI R

oM FECEE S RE R AT ERRY -

- § e

%% %1 (Enzyme Catalysis)i¢ * — ff ko B+ » 2L ipy 288 4p > i
Frodpgms B Edaret KRR AERR T Gl UE - B IEE o
B Bogp it g et i & 10%(W/WNIVALOs 1t én¥ 4 & F ® > F i
@R G 41074 /g g BRI H00A fRENF B R G 6¥1004
F-te PR T R WERA B ek A RBAP R FF S

FARFR A B AR N s R R F ¥ Bkl 220 & 6 ehE B
FRIUTE N GUF LI A G R AR € MR RED PF BT ko "R
AR R e RN AR IF 2 fR AL

GRS RS LR R R U PR SR PR

26/90 e A



FT OGRS A A S IR Rt Bl R g Rt TR e TALTE
A F & oo R PRk F & G k2 (clay)foi® T (zeolite) > 4 3 & = e S B RR4AR
(crystalline aluminosilicates) o 4+ & ¥ (T 2 & N fP4enk & > 2340k B i 324 #
e F FTfI A A G R T T T R R R A FRGR o

ﬁaj£%$¢W%ﬁ%£?ﬂﬁ%ﬁ%%ﬁ%aﬁ’ﬁﬁéﬁiéi%
B A R EAE L SV A S e 2 L ﬂjizﬂ—;ﬁa_mﬁf £ /¥ %-(monolithic
catalysts) > 2 & & * R TR LI AR T EAREAE L > FIN B IS AR §
EHRBEE CHAR e TR PpT > » TR TR L blAe it 2
BB P o B A AR 3 IR AR e RATE R Y HHFS 6 E
PR RABRIR Y SN P S BRI d £ £HTTE A RFEH

TR PP E7) 3 G BWAGE R E S B ST ARE RS T
AT (support) o FRL FAF 2 S ERHSEHE & A L HHSAZ 5
{8 4¥-(supported catalysts) > & 2 £ 224" 48 f 4i-(unsupported catalysts) > & 4
g i BB hd & IR0 chde B0 AL 1F I &|(promoters) » K Hf Av B o B
Ioh Bk Ly £-F T ARTR4L o

S Bm 2 R R R T 5 F % (deactivation) 0 & dp S - B
BF 15 o fRHRcB i s MehI e o PR R OR T 0 BT 5 1L (aging) R % 0 B
hrdoo E LR N R B P T AR G E Ity o Y
(6 F e fefi2 5 [ 4-che 4 (poisoning) s i ¥5(fouling) ° FRIERT AN
AE R kR A E R HE AR BRAREOFEEF N T A ARG Fn
ER o T F R B 57 %‘EE}‘\’%% °

TRE- AR g AR o iR AL > RipL - B R YA
2IVOE P REF A G oo oA F T 5 B2 ff(adsorption) 0 — & 5 47 L
(physical adsorption) » — #& 5 * § =% *f (chemisorption) o 4+ I ¥ i #F 012 /4 4
(condensation) » HiE A2 5 dcAuld > B K ARE Mo A-FFF RY ®R G 15
kcal/gmole § 84 + 22 B R 4 5 B e sl 4 233> g en @ L 4 (van der Waals
forces)# 3£ F|4p 3 ¥ * 5 § X A &2 [ (permanent dipoles) > X A % 12 &
& #&(induced dipole)2. B 12 2 @ M 3 &0 3 2 [ o B R 2 > F M IZex
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HE T FREEBRERF > R ARG SR A gk IS o
tEegR PECEF RES RS HPRF A AT E LG B s B g

sdhofe A N R S AER - o s E M R BT ELE R -

it

# + > A& 10~100 kcal/g mol 2_ ¥ o = LY F i 2 | B PR A F e
LB (T g FI N BT

R i e AR G e A RS AR

1%
e

(active sites) t o B AT AR S P4 A 5 - BEL A KL BB R S A )
Fapd i 4o & BREAR TR EF F s F 8P 5 4% B(turnover
number, TON) » # & i ff Leim 1 o

it F it FAeT RS

IR FT
BRF Bd 5755 Y ARAHFIRS c FHIH RO O @ D)

%@%’Mﬁ%ﬁ%ﬁ%g%?ﬁ@ﬁ@@$°%ﬁﬁﬁ%@%@’@W%ﬁ
P BUE 2 0 gt BRI IR 0 B g SR A i -
%%ﬁﬁ@%A&W%W%%ﬁ%’ﬂﬁ@ﬁéA+S®A-&£USé%

Mk o PIrtiE FF & 9T 5 KaPaCy o i F 5 k-aCa-s0 B P ka2 k-as B 5 %%
A R enE B F Bic o SPaf WMANTHEIRA > Coh & ABaE A ER > Ca

sHI 5 ARA - St AR R o BB F B T 5

C,
o= KaPACy =K 4Cas=Ka(PAC 5

)

o D KpL T gt e FIE P ARERC=C,+Ca-s> F ¥ T §raps 0
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D710 Cp -5 = KaACyPa = KaPA (Ct- CA-s) ° ﬁ_ggfé? (R RE
~ KLP,C,
AT T+K AP,

PR F L R %08 5% (Langmuir isotherm) o -+ ;U E f@ v g T 5

PA: 1 +ﬁ
Cas KaCi C

P g U PA/ Ca s i Pad i RRA) o
FAGEAFTFH AanHp g ARgEs BRILEFR T MEAFF

_ (KaPW)"C,
A-S 1+(KAPAZ)1/2

B0 Pui AT F MM RS o b T EATERST S

4T 5 11 (Pa2)*/Ca s 5 (Pan) P 3 e E SR o
(

P )1/2= 1 +P,1A/22
Cas  CiKY) G
C — KAPACt

AS T 14K AP+ KgPg

SAAFRF P AP BEFELF L ERF LI AdHIN o kst 97
BOHAFER SRS
BY F gy A BIL - [FSr dF i Wiy 2 - FF B SHEH5 L 37
FoRTAEARPI RS - FHEPFRSDLROERAL HNE BL A
BART > & BEdfg 2 a5 p 3o 2 LR R 6 LT e

RS FHEEFESFEL s R S EM A s b BET
Bl SRR D R TIIRR c (F AT R U AL G L e

SRt ()F - B T AT ARE OFFEERT Y bF

Bt koo Flpt v @ T G 2 BET 3054 ¢

1 _c—1,P. 1
v[(P,/P)—1] v,c (P0)+vmc

N

P OPEP G ARHERT ARSHE FOT R 2 e {oBRA 5 VIS
RAMAE > s EAR 7 HHAEE > ciBETH#kocind 758 5 ¢
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Ef_EL
RT

c=exp (

)

HP S El 5% - Kawrgd > EL% - & 02 v 0 5% 1 (liquefaction)
Foo ke o g3t T R o ' V[(Po/P)-114(Po/P)PBETR] A » o+ 5
SR R G 3 0.05 < (Py/P) <0.35 2 ¥ o

B G F d AT R A G ek P o HERSAT B

S T B & -
—-dP, : K,P,
dt 2 14+K,P,

)

75.\1}1";‘]’?\?"95{ Kl‘]’ﬁﬁim P 5’5:9? » ThaAPA <<l K }@;xﬁ vI:@, ™

—dP,
dt

:szAPA

WENFEF o FF EEARL AT ThaPa>> 10 BIF i F 50 B
—dP
dt

A:k2

EJPI;‘FEF)@°

GEEA S Y 0 F B s
—dPA_k( K,KgP,Pg )

dt (14K P+ K Py)

F PR R AR 5 AT B TaPA  kpPp << 1 RIF 7 22 B 3

—dP,
dt

:kZKAKBPAPB

SCFEF o F B avn T A dnioi 0 BIF BT B 5

“0Ps_, KaP
dt 2Kg Pg

ERFRT OHERBRFART O FRFBAREEFSRLEL APHE RS A
Bt B A hE i F A LA G d A F i & b LA, T o gt W g
WERE-F4F fiﬁ;%}‘ﬁ#(Langmuir Hinshelwood mechanism) -
AT A - BT EEE > MG OCE N E RSN T N o KRS
ﬁ“ﬁ?ﬁ?’*%iﬁﬁ PRETELT - SRR RERE A LEF -
SR AEOREF MR LYIFF o WPRE RO FEF T
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Boo RIBFRT B4 B o 7GR TS G AR A RIL > TR LD
BRI TR F o MR R B RUTRAET S @I plg
TR AT EA D > R ) TR NMAAS > LR S koo § Ao R
FREZPT RO P TEED PRt EF o

o

y R
R, /-

&3
(s
=

Bl s 3 B AR Ed BRINEER DT I INTA S hEn
AL B R e g > 2 A E TR e EanT oA g R s

AR T AR RENE A R LT S SR R 3

3«-‘;
ik
[\
!

W s o] > WP HEE 05 3 0.9V hE iR c A2 R TRYGd &
L@@ o

ERTIEROD > TR A N T s o & e R o BRI
#L % (phosphoric acid fuel cell, PAFC))4 % )k & crmifa3 iR (£ 5 T3k > Mo &
FLEBARDT R FITER & 180~220C> e - 43 200C 2% B R * B >
FoRH R TR B o AR H B MR R IR PR TR F 0 I
Pﬁcg_wmf'&ﬁ$gﬁzga'@Mﬂﬁﬁ@@wﬁm¢3WM%o
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B i
— ~ Total Solution Technology On Aircraft Deicing

Executive summary
-The objectives of the product development and the conclusions

The aircraft de-icing method has been developed since aircraft has been
invented. There are also many reviews about aircraft de-icing to be edited. We can
find them in many published reports. In order to analyse and solve this kind of
problem, we can probably classify the procedure into several steps which will be
demonstrated later. We also care about the customers need as well as environmental
impact. Sort and discuss them in order to pursue the best resolve method. So we will
list the specification of the product and provide our recommendations.

The content of this report is mainly to follow the project report list and also the
generic design process, which is the core of the module of Chemical product design.
The introduction will be induced the purpose of the product and the existing
technology. Then review these methods and identify the customer needs. The
summarization and more findings and details of the deicing product will also be
described. These methods will subsequently be estimated and screened out three ideas.

Through selection, we will have a conclusion at last.

:l--IIIII*....I,IIIII--‘-IIII‘I'----IJ
- n a E
Product Identify Establish -
planning q customer q' product
needs specifications
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Testand ‘ Select ‘ Generate
manufacture product ideas product ideas

Introduction
-the purpose of the product and the existing technology

Since human beings discovery wheel, they always think of arriving at farther
place fast and timesavingly. Aircraft is nowadays the best choice for transportation
which can carry people around the world. But as proverb says, the water can float the
boat, as well can capsize the boat. This kind of human being’s great invention also

brings several disadvantages and one of them is safety. Federal Aviation Administration
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(FAA) requires the deicing and anti-icing of aircraft surface to ensure the safety of
passengers. Normally airport deicing operation may result in sever environmental
impact if discharges don’t have been well-performed. The toxicity of additives added to
deicing and anti-icing agent may also lead to the potential aquatic life and human health
impact. We need to consider alternative methods or substitutes which can improve this
kind of awkward situation and to look after the compatibility of aircraft safety and
reduction of environmental impact.

Deicing is to remove snow, frog, and ice from aircraft surface while anti-icing is
to prevent the accumulation of snow, frog, and ice on the same surface. The procedures
can be divided into two categories, i.e. using mechanical means and through the
application of chemical agents. Mechanical means includes brushes, booms, and plows
but it depends on the weather condition to use them. The most common usage of
de-icing/anti-icing airplanes is using aircraft de-icing fluids (ADFs). The aim is to
remove snow, frost and ice from aircraft surfaces. The main component of ADFs is
either ethylene glycol (EG) or propylene glycol (PG). The rest compositions include
corrosion inhibitors, wetting agents, surfactants, thickeners, and other chemicals. The
primary environmental concern with using ADFs is high chemical oxygen demand
(COD) or biological oxygen demand (BOD) of untreated wastewater as well as the
potential toxic effects from additives, especially corrosion inhibitors. In order to
reduce the impact of environment, it is considered to look for alternative fluids or
methods for de-icing airplanes which is much less environmentally harmful.
Subsequently, there are some existing technologies to be introduced.

When deicing/anti-icing progress, ADFs mixed with additives are sprayed to the
target aircraft with deicing facilities. There are four classes of ADFs presently: Type 1,
Type II, Type III and Type IV. Type I is commonly used for deicing procedure while
the others are developed to anti-ice aircraft. Each of them has different composition
and allowed holdover time which is the interval between the aircraft treated and
taken-off. Normally Type I can be recycled rather than others, so some airports
separate into two-step procedure of deicing and anti-icing. Type II and Type IV are
used for all kinds of aircrafts while Type III is suitable for smaller and commute
airplane. Some airlines choose Type IV exclusively for only anti-icing because of its
longer holdover time. Others choose Type Il due to less expensive because Type IV
needs extra facility. All researches focus on how to reduce or eliminate the usage
volume of ADFs as much as possible and so less environmental impact. Such as
looking for substitutes of ADFs, alternative methods to deicing/anti-icing or
combining them. There are also some recommendations suggesting on improving the
operation efficiency such like shortening the spraying distance and strengthening the

skill of operators. The estimated benefit will be extremely large by summing up all
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airplane landings and taking-offs annually.

There are some other nonchemical methods used to replace ADFs and reduce
environmental impact. They are mechanical and thermal means but quite depend on
the weather condition. Dry and powdered snow can be swept by booms and brushes.
This method can only be used in the early morning because of time- and
labour-intensive work. Hot air blower can also be used to remove snow mechanically
and make air pollution in the airport area. The thermal mean is using infrared (IR) to
heat the aircraft. This method can deice but can’t anti-ice the airplane, so Type IV is
needed to apply following IR deicing. Although using thermal mean cannot
completely replace glycol-based fluids, it greatly reduces the volume required.

Although there are many ways to deicing/anti-icing aircraft, most of them are
developed from using ADFs which is very harmful to the environment. When
considering pollution prevention, there are several ways we can do some efforts. First,
developing alternative fluids friendly to the environment can eliminate the
glycol-based fluids. Second, minimizing the fluids applied to aircraft by developing
better fluids, improving operation management, or developing another technologies
combined or replaced into some or all the procedure. Third, developing the glycol
recycling technology.

At present, there are several organization and professionals trying to develop the
alternative fluids of deicing/anti-icing fluids, which must be environmental benign
product. Most of them are thought at preliminary stage and need some time to become
commercial product. Substitute products should be biodegradable and have the same
effect on deicing/anti-icing procedure as well as the cost should not be too expensive.
One of the researches is exploring the structure of antifreeze molecules which can

exhibit ice crystal growth.

Needs

-review the methods for identifying customer needs and summarise your findings for

the de-icing product

Without removing ice or any other containment, there really exits potential
danger on aviation safety. That is why Federal Aviation Administration (FAA) insists
on the deicing/anti-icing of aircraft to ensure the safety of passengers. However, the
present method using aircraft deicing fluids (ADFs), no matter more or less, indeed
results in environmental impact. The different improving directions described above.
Here will be discussed further about these methods and meet the customer needs.

Alternative substitute product is the first for consideration because this is the

best way to eliminate environmental impact from glycol-based aircraft deicing fluids.

41/90 iy e T



There are several researches is under in progress but it seems only at the preliminary
stage to be brought to the commercial products. The characteristics of substitute
products should be environmentally harmful, less toxic, and biodegradable. In
addition, they should be as effective to deice aircraft as present ADFs and
noncorrosive to aircraft as well. We cannot expect too much on this method but fund
on the project and concern the progress if possible.

Now that we cannot have alternative substitute products at once, the reduction of
usage ADFs would be more practicable. This strategy could consist of several sub
strategies. To reduce the consumption of ADFs means to reduce environmental impact,
also to reduce the cost of purchasing chemicals and subsequently wastewater
treatment. Reduction of application and operational rates is very practicable and
applicable. Improving the application and operation management could be effective
and noticeable to reduce the usage of ADFs, such like training staff well, shortening
the applying distance, optimizing the composition ratio applied and reducing
secondary deicing operations.

Otherwise, there are different deicing techniques we can use to partially replace
or reduce the usage of ADFs. They cannot be applied to replace the usage of ADFs
totally because of restrictions to be found, such like weather conditions and safety
reasons. But no mention about restrictions, these techniques indeed could be helpful
to reduce the usage of ADFs in some suitable occasions.

Two Step Deicing is to separate the deicing procedure by applying ADF type |
and II in different steps is to be considered to reduce the usage of ADF noticeably. It
is because ADF type I is recyclable but type II is non-recyclable. In addition, after
applying type I, type Il can be determined what quantity should be applied according
to the weather condition and the deicing concept at an airport. This application could
really reduce the usage of ADF type II. By separating recyclable and non-recyclable
fluids, the cost of post-treatment would be also reduced.

Hot Water Deicing is to use very low glycol concentrations of ADFs. This could
only be applied without precipitation and on centralized area. Although it seems a
practicable way to reduce the ADF usage and so is less environmental impact, hot
fluid cannot melt all the ice and snow on the aircraft surface and low glycol
concentrations lead to refreeze water on the aircraft surface, especially at the critical
part of the aircraft. This results in significant aviation safety concern and would also
have environmental impact if ADF type II is applied to compensate this considerable
problem.

Hot Air Deicing is to pressure air to remove frozen accumulations from aircraft
surface. This aims to reduce ADF usage but would make air pollution at airports more

serious. The air is pressurized by a turbine jet engine mounted on a special vehicle
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and cannot be applied at any angle and height. At the same situation, ADF type II
would also be applied after deicing procedure and the improvement to environmental
impact is still limited.

Infrared Deicing is another choice to deice aircraft. There are three ways to
apply this technology nowadays and each belongs to its own company. One is a
fixed-hanger deicing system, another is a mobile system and the rest one is
computer-controlled infrared laser. All of them also need to apply ADF type II after
deicing procedure.

Glycol Recycling is to recover glycol from ADF-containment wastewater and is
applied at many airports. The concept of this method is to remove water, suspended
solids, surfactants, corrosion inhibitors, and other additives from ADF-contaminated
wastewater. Typically, this process includes a series of filtration, ion exchange,
nanofiltration, flocculation, reverse osmosis, evaporation and distillation. Each of
them has its purpose of removing certain containments. Using distillation can produce
products with concentrate glycol as high as 98 percent, however, it is an
energy-intensive separation way.

Airports collect wastewater from aircraft deicing/anti-icing operation and
prevent or minimize discharges to sewage treatment system. There are a variety of
collection methods, including storm sewer plugs, designated aircraft deicing pads,
storm drain valves, gate and ramp area drainage collection systems, temporary aircraft
deicing pads, and specially designed glycol-vacuum vehicles. The combination of
these methods would be used and vary with different certification.

In order to collect wastewater more efficiently, some airports like
Minneapolis-St. Paul International Airport, constructed aircraft deicing pads, where

provisions for containment and collection.

Metrics
-discuss the product specifications and metrics and present the results from the “sanity

check” calculations (detailed calculations should be placed in an appendix)

There are many methods to be considered to an alternative substitute or method.
According to the situation of the recent development of these technologies, they will
be estimated by four aspects. The applicable or practicable item is targeted at if the
technique would be easily achieved. The cost down or benefit item is estimated if the
new technique would bring more profit than the old ones. Although our aim is to
reduce environmental impact, it is necessary to notice if the impact is really to be
reduced. At last, aviation safety is still our top priority and any discount on this item

won’t be allowed.
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Estimate item

Applicable .
Cost down Environmen
i or . safety

Alternative . or benefit tal impact

practicable
method
Substitute chemicals
antifreeze molecules ! * Hodok Hokok

Alternative methods of removing snow

Two step deicing kK * * *%
Hot water deicing *x * * !
Hot air deicing * * * !
Infrared deicing * % * * *
Improved sewage treatment ok %k *ok *
Glycol Recycling ok ok *okok ok *

Three-level ranking: essential (* * *); desirable (* *); useful (*); latent needs (!)

We can’t find any substitute which can totally replace ADFs. Antifreeze
molecules are still under very preliminary stage and far from to be applicable,
although this technique is substantial to overcome completely the icing problem we
face on now.

Since ADFs cannot be totally replaced at present technology, there are many
methods to be developed to minimum the usage of ADFs. These methods are mostly
applied to practical use, but there are some restrictions on using them. In addition,
these techniques are applied to deice aircraft and it should be to apply chemicals to
anti-ice aircraft. This also cannot avoid having environmental impact. Another
concern is the refreezing phenomenon just after the deicing procedure and this results
in the safety concern of aircraft.

Presently, the most important and practicable application to airports is to
improve sewage treatment. No matter to reduce environmental impact or recycle
ADFs fluids, you can only expect to have good collection system and treatment. Due
to applying deicing/anti-icing agents is to spray, it is not easy to control recovering the
chemicals. That’s why we put more weight on this technology.

Glycol Recycling can reproduce the product and reduce the impact to the
environment. In addition, recycling can make profit by selling products and lower the
cost on the deicing/anti-icing operation. This is discussed mostly at our group and this
would be more interesting and discussable to present issue. This technique is less
relative to aviation safety but if we can operation it well, it is also helpful to reduce

environmental impact as well as the impact potential aquatic life and human health.
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Ideas
-discuss the generation of ideas and the sorting into categories
IDEA 1:
At the Minneapolis-St. Paul International Airport, Inland Technologies, Ltd.

installed its first U.S.-based glycol recycling facility in the spring of 1997. The facility
processes glycol-contaminated storm water from aircraft deicing/anti-icing operations
and also recovers glycol from spent deicing fluid collected at Des Moines
International Airport in Iowa. The main recycle product is the more profitable
propylene glycol. The purity of the product is only 50% glycol solutions but the
demand for pure and concentrated glycol product is generally greater. We hope to
develop the facility to recover higher concentrated glycol product from Inland facility
product.

IDEA 2:

Due to the similarity of boiling points of ethylene glycol and propylene glycol,
mixtures of them are difficult and expensive to separate. Recovered product including
of mixture may be difficult to sell. We hope to develop more efficient equipment to
separate the mixture.

IDEA 3:

It is not easy to recovery all wastewater from aircraft deicing/anti-icing
operation, especially during the heavy snowfalls and to transport it to designated
collection areas. Most aircraft deicing/anti-icing operations are at passenger terminals
and parking ramps, snow collected at these places should be contaminated with ADFs.
We hope to develop a suitable pad used to store snow contaminated with

deicing/anti-icing chemicals.

Selection

-review the various stages of selection, showing the results of crude and detailed

concept screening (include calculations, as necessary, in an appendix)

After reading as many as possible materials searched from available sources, we
conclude three ideas as above. Actually we can have more ideas to put into the
development of solving problems due to aircraft deicing/anti-icing operation. Now we
only choose three of them to be considered because of their importance.

IDEA lis based on the recycling glycol product, which is not concentrated
enough and the market need is high concentrated recycling glycol, which is more
profitable than diluted solution. While IDEA 1 is focus on the concentration of
recycling glycol, IDEA 2 is trying to separate mixture of ethylene glycol and
propylene glycol. The profit is also different between mixture solution and

mono-solution. So it should be profitable to purify the mixture. IDEA 3 is different
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from the above two ideas as it would like to improve present using pad to collect and
store contaminated snow wastewater.

IDEA 1 would be the first one solution we can get involved. Because glycol
recycling not only can solve the problem of drainage of wastewater containing too
much glycol-based fluids, but also make profit to airports by recovering glycol and
reproducing ADFs fluids. Although the glycol recycling is applied, the concentration

product of glycol is not high enough, which doesn’t meet the demand of the market.

Conclusions

-justify and recommend vour choice of product technology: obtain, through the

literature and using calculations. a detailed set of final product specifications

Most of the present technologies of deicing/anti-icing are reviewed at this
document. The target is to find a substitute or alternative method for deicing plane
which is much harmful environmentally. A total solution technology is considered and
comprises substitute chemicals, improved sewage treatment, recycling of the glycol or
substitute and alternative methods of removing snow. After reviewing existing
technology, we focus on improved sewage treatment and glycol recycling, and
provide three ideas for customer needs. Subsequently, glycol recycling is chosen for
our devotion to throw in.

Now that the Minneapolis-St. Paul International Airport in Minnesota is applied
as the study case in our class, we can investigate the situation at this airport. Inland
Technologies, Ltd., a waste management company based in Truro, Nova Scotia,
installed its first U.S.-based glycol recycling facility in the spring of 1997 at the
Minneapolis-St. Paul airport. Inland processes glycol-contaminated storm water from
aircraft deicing/anti-icing operations and operates the glycol recycling system. The fee
based on the unit operating costs is approximately $0.10 to $0.20 per gallon of
recovered product. The sale of the recovered product has always covered the
operating costs. Since the capacity of this recovering system is sufficient enough, the
facility also recovers glycol from spent deicing fluid collected at Des Moines
International Airport in lowa. The amount is approximately 4,000 to 5,000 gallons of
ADF-contaminated wastewater each winter.

Since Inland’s facilities at Minneapolis-St. Paul International Airport on recover
the profitable propylene glycol and the recycling product is only 50% glycol solutions,
we can develop better facility to produce more concentrated glycol solution and meet
the demand for pure, concentrated glycol product.

Further Recommendations

-make recommendations about how to protect the intellectual property related to the
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product technology: note any further information that would be required before

process design and manufacture, detailing any experimental work required to collect

data, or for proof of concept

It is really very short time to complete this project assignment. We don’t have
enough time to fully understand the whole deicing/anti-icing industry even though to
write a report providing further recommendations. But as an employer or company
manager, it is impossible to allow you to have much time for looking for the
information and understanding them. Your boss, completers, and even clients won’t
wait for you. So this time we are fortunate to have a direction which giving by
professor and narrow the range to only finding the alternative way of
deicing/anti-icing methods, not including of airport/airline management, government
relationship, also relative industries and etc. We have to admit all the relative issues
could not be neglected in practice. Sometimes we have to emphasis the Health and
safety and risk management on site operation and the operator won’t just tell you that
is or isn’t good for use. They might complain more about this and we chemical
engineer cannot handle.

It is good for us to have brainstormed at the beginning of the semester,
especially the first week. Actually I thought we have a honeymoon at the first month
and take easy to know everything here. I just arrived at Loughborough for one week
and it is not ready for arranging my accommodation at that time. We have to quickly
acquaint with the environment and sources for study and research. Without this report
and assignment, it should take longer time to know the resource in the library and
university network. Besides, it is better for me to spend more time in the library. We
don’t have enough time to know team member and just discuss the project with each
other although we all come from different countries and this makes the discussion
more difficult.

References
-provide a list of references cited in the body of the report (www addresses are quite

acceptable as reference sources); ensure that the report is properly referenced.
EPA, U. S. (August 2000). Preliminary Data Summary. Washington, DC:
http://www.epa.gov/waterscience/guide/airport/airport.pdf.

Hoffmann, A. (1998). An Investigation of The Feasibility of Recycling Deicing
Materials at Munich Airport. Loughborough, United Kingdom: Loughborough
University.

Valerie A. Bennett, T. S. (2005). Comparative overwintering physiology of Alaska and
Indiana populations of the beetle Cucujus clavipes (Fabricius): roles of antifreeze
proteins, polyols, dehydration and diapause. Journal of Experimental Biology , 208,
4467-4477.
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= ~ Separation and Products from Milk and Cheese Whey

Summary

The products from milk and cheese whey are common in our daily life. The
separation of milk and whey proteins into individual components has been a
considerable interest. The common properties of these products will be introduced as
well as the common separation methods that are widely used in the food, the
pharmaceutical and the related industries will also be described in the Introduction
section.

The attention is focused on the products and ingredients separated from milk and
cheese whey. The most recent reports are reviewed and the separations of these
products are described in the discussion section.

According to the discussion below, some important ingredients contained in milk are
of significant function which can’t be ignored. For example, according to (M.S. Noble,
M.B. Wheeler & W.L. Hurley, 2000), a-Lactalbumin shows its high value by
engaging itself in the process of lactation, plays as an essential role. B - lactoglobulin
also suggests its value in the transport among important proteins in milk by binding to
several hydrophobic molecules (Jost, R. 1993). Immunoglobulin G can be efficiently
used for eluting which is consistent with measurement of immounoglobulin G titers in
most frozen storage of ascites monoclonal antibodies (Mabs) for more than one year.
The Mabs can be serotyped of outer membrane antigen(Angeley Davis & Reitz, 2006).
IGF-I belongs to the multi-functional regulatory peptides forcell growth and survival.
It also can be part of a complex system that cells use to communicate with their
physiologic environment. Some neurotrophic factors, just like IGF-I,(Kuncl, 2001)
can be used for the protection of the postnatal motor neurons from slow glutamate
injury in organnotypic spinal cord. When it is applied at the time of human spinal cord
injury, IGF-1 treatment can rescue substantially, even if the chronic
neurodegeneration has been a 7-8 week process and the motor neurons have been
injured already.

For separation, several separation methods are widely applied. Electrophoresis,
Liquid phase separation, Mass Spectrometry, High-Performance Liquid
Chromatography (HPLC) are mentioned as below. And for these important proteins in
milk, scientists have worked out a few effective ways to separate them out of raw
material. For instance, liquid-solid extraction system based on Tween 80/phosphate
and immobilized metal affinity chromatography are proved to be two methods to
separate a-Lactalbumin out of milk whey. The separation of B -Lactoglobulin from
milk whey can also be achieved by applying liquid-solid extraction system and
preparative-scale ion-exchange chromatographic process. In addition to the two main

proteins mentioned above, Immunoglobulin G is also a kind of product of great value
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and commercial productivity which can be obtained by anion- and cation-exchange
columns. Last but not least, heparin affinity chromatography and immunomagnetic
separation (IMS) are also discovered by researchers as practicable methods to extract
IGF-I and Escherichia coli from milk.

Introduction

The separation of whey proteins into individual components has been a considerable
interest. Each whey protein has its own functionalities and properties which are of
value in many industries, such as the food, the pharmaceutical, and the related ones.
Some important physical properties of the major proteins found in milk are

summarized as below.

Table 1. Characteristics of major whey proteins (2)

Concentration Molecular weight Isoelectric
Protein [g/L] [g/mol] pH
B-Lactoglobulin (3-Lg) 2 18,362 5.2
a-Lactalbumin (a-La) 1.2 14,147 4.5-48
Bovine serum albumin (BSA) 0.4 69.000 47-49
Immunoglobulin (Ig) 0.65 150,000 1,000,000 5.5-8.3

Table 1. Characteristics of major whey proteins (Ritchie, 2007)
The reduction of the fat and lactose content of milk commercially uses membrane
processes. For example, a two-stage ultrafiltration process for obtaining an a-La
enriched product from raw acid whey or mixed whey. (Roger, 1984) The other
example is to obtain an a-La purification greater than 10-fold for whey protein isolate
using two-stage high performance tangential flow filtration (HPTFF). (Cheang, 2004)
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Fig 1Hoefer SE 400 Sturdier Electrophoresis units

Accessed by 30, Oct, 2008

<http://homepages.gac.edu/~cellab/chpts/chpt4/figure4-1.html>

The purpose of this document aims at the possible products from milk and cheese
whey. The discussion section will demonstrate products and separations of all we have
found.

There are many separation methods used to separate ingredients from milk and cheese
whey. The common methods are electrophoresis, liquid phase separation, mass
spectrometry, performance liquid-chromatography, cel-electrophoresis  and
polyacrylamide-gel. The introduction of these common methods will be described as
below.

Electrophoresis may be the main technique for molecular separation because of its
powerful technique and reasonably and inexpensive and becoming commonplace.
Electrophoresis can be one dimensional or two dimensional. One dimensional
electrophoresis is used for most routine protein and nucleic acid separations, while
two dimensional separations of proteins are used for finger printing.

The support medium for electrophoresis can be formed into a gel within a tube or it
can be layered into flat sheets. The tubes are used for easy one-dimensional
separations, and the sheets have a larger surface area and are better for
two-dimensional separations. Gel-electrophoresis is used to separate macromolecules
like DNA, RNA and proteins. Polyacrylamide Gel is a kind of gels used for
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gel-electrophoresis.

Liquid phase separation is used to separate either dissolved or undissolved particles

in water. Several types of separation techniques are briefly described below.

1.

Filtration is the physical process whereby particles suspended in water are
separated by forcing the fluid through a porous medium. The suspended
particles are trapped in the filter. Filtration relies on the pore size of the
membrane, which can be varied to remove particles and molecules of various
sizes.

Simple Distillation is a process in which heat is applied to a liquid, causing a
portion of the liquid to vaporize. Contaminants with different boiling points
from water are thereby separated.

Freeze Crystallization freezes contaminated water. When the solution is
slowly frozen, water crystals form on the surface, from which they are
separated from the remaining solution.

Membrane pervaporation uses several permeable membranes to
preferentially sorb volatile organic compounds (VOCs) from contaminated
water. Contaminated water heated, causing the VOCs to change into the
vapour phase.

Reverse Osmosis uses a selectively permeable membrane that allows water to
pass through it, but which traps heavy metals and radionuclide ions on the

other side of the membrane.

Mass Spectrometry converts individual molecules to ions so that they can be moved

about and manipulated by external electric and magnetic fields. The three essential

functions of mass spectrometer and the associated components are the ion source, a

small sample of compound is ionized, usually to cations by loss of an electron; the mass

analyzer, the ions are sorted and separated according to their mass and charge; the

detector, the separated ions are then detected and tallied, and the results are displayed

on a chart.
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High-Performance Liquid Chromatography (HPLC) is a form of liquid
chromatography to separate compounds that are dissolved in solution. HPLC
instruments consist of a reservoir of mobile phase, a pump, an injector, a separation
column, and a detector. Compounds are separated by injecting a plug of the sample
mixture onto the column. The different components in the mixture pass through the
column at different rates due to differences in their partitioning behaviour between the

mobile liquid phase and the stationary phase.
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There are a lot of products made of milk and whey, including Yoghurt, butter, cheese,
ice cream and so on. Yoghurt is a semi-solid fermented milk product. Its popularity
has grown and is now consumed in most parts of the world. Although milk of various
animals has been used for yogurt production in various parts of the world, most of the
industrialized yogurt production uses cow’s milk. Whole milk, partially skimmed milk,
skim milk or cream may be used. Butter is made by beating cream, the thickest,
fattiest part of milk. As the cream is beated, the fat globules begin to stick together,
forcing the cream to form a solid mass of milkfat, also known as butter. Curdling or
coagulation is the separation of the solid from liquid components, such as whey
separation, which is achieved by adding ripening cultures. All cheeses are put through
this process. There are two basic curdling methods and there are determined according
to the type of cheese being made. One is sour-curd cheeses, which are made by adding
lactic acid bacteria to milk. The other is rennet cheeses, which are made by adding an
enzyme and then the formation of larger grains of curd appears. Some cheeses are

made by mixing both sour curd and rennet. Ice cream is a frozen mixture of a
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Fig 4.Schematic of an HPLC instrument
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<http://elchem.kaist.ac.kr/vt/chem-ed/sep/lc/graphics/hplc-sch.gif>
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combination of components of milk, sweeteners, stabilizers, emulsifiers and
flavouring. Other ingredients such as egg products, colourings and starch hydrolysates
may be added also. The mixture is pasteurized and homogenized before freezing,
which involves rapid removal of heat while agitating vigorously to incorporate air,
then imparting the desirable smoothness and softness of the frozen product. In order
to follow the project appraisal, the ingredients and its separation will be discussed in
great detail in later Discussion section.

Discussion

(1) a-Lactalbumin

One of the main whey proteins in milk is Alpha-lactalbumin (a-LA) which is made by
the mammary epithelial cells during the period of lactation. In the milk,
a-Lactalbumin should be considered as a important ingredient since it generates a
complex of important function with enzyme and galactosyltransferase
(Galactosyltransferase usually get it involved in the course of glycosylation of
proteins in mammary cells). During the time of lactation, lactose synthase, which
takes its responsibility to make lactose, is produced by a-LA complexes and
galactosyltransferase as well as enzyme activity. Lactose, which is counted as the
major carbohydrate in milk, makes the digestion of milk easier for the next generation
by providing a readily digestible energy source. The synthesis of lactose draws water
into the milk producing cells of the mammary gland. During this process, synthesis of
a-Lactalbumin plays as a role to control the volume of milk produced.

In experiments where the a-LA has been changed and mice are involved, scientists
find that mothers can not generate lactose until they give birth and mice are not able
to lactate or support their litters. Such experiment can illustrate the importance of
a-LA in the process of lactation. It is still a viable question that whether an increase in
milk production can be achieved by increasing a-LA production by the mammary
gland.( M.S. Noble, M.B. Wheeler and W.L. Hurley)

Separation Method 1: (Liu, Sun, & Li, 2006) noted that effective separation for
a-Lactalbumin from milk whet can be achieved by a convenient liquid-solid
extraction system. In this process, the improved convenient liquid-solid extraction
system should be based on Tween 80/phosphate. And in order to get satisfactory
results, particular conditions (9 wt% Tween 80, 1.6 : 1 (molar ratio) K,HPO, :
NaH,PO4, 1.25 mol/L total phosphate, pH= 7.4) should be given. After this
manipulation, water and salt are introduced and make the solid phase be able to form
a new liquid-solid extraction system. In that case, a satisfactory recovery rate (85.1%)

for a-Lactalbumin from the former into the new salt aqueous phase can be achieved.
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Separation method 2: According to (A., et al.,, 1997), a material can serve as a
stationary phase in IMAC (immobilized metal affinity chromatography) to make
a-lactoalbumin separated from bovine milk whey. This material can be obtained when
making some modification to silica gel surface with B-diketoamine groups by reacting
the silanol from the silica surface with 3-aminopropyl-triethoxysilane and
3-bromopentanedione. This material can extract copper ions out of aqueous
solutions, and an amount of of 0.67 m mol g 'of organic groups attached to the
support and 0.63 m mol g 'of copper was given by chemical analysis of the
silica-gel-immobilized acetylacetone. Since the chelated copper has a high and
collective attraction for a-lactoalbumin functional groups, a good separation of the
protein with a high purity can be achieved. Additionally, the silica matrix can also
serve as a role to give the system more chemical and mechanical resistibility.
(2) B -Lactoglobulin

B -lactoglobulin is also a kind of main whey proteins in milk and its function is still
unclear to human-beings. However, due to its properties which can change to be
negative or positive in dairy products and processing, B-lactoglobulin have become a
great interest in food industry'. p-lactoglobulin, which only with an 18.4 kDa
molecular weight (1 Dalton being defined as 1 molecular weight unit), should be

considered as a small protein of just 162 residues.( Jost, R. 1993)

Separation method 1:Still according to (Liu, Sun, & Li, 2006), the liquid-solid
extraction system created by can not only be used to adsorb a-Lactalbumin from milk
whey, but also show its high performance with recovery rating at 98.2% in selecting
B-Lactoglobulin. Same conditions (9 wt% Tween 80, 1.6 : 1 (molar ratio) K;HPO, :
NaH,POy4, 1.25 mol/L total phosphate, pH= 7.4) are literally required. However, the
effects of water and salt are not needed since they are specially applied to make

alpha-La extracted into the new salt aqueous phase.
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Separation method 2: It is evident from the article written by (Gerberding & Byers,
2008)that preparative-scale ion-exchange chromatographic process can also be
established for the separation of B-Lactoglobulin from milk. In that experiment, when
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Fig 5. Preparative anion-exchange chromatogram.
One column volume feed, 50 ml/min. Pharmacia XK 50/30 column: 30*5cm
. Buffers: 0.01 M NaOAc, pH 5.8; 0.05 M NaOAc, pH 5.0;
0.1M NaOAc, pH 4.0.

Peak 2 is for B-Lactoglobulin

the cleaning of ion-exchange column was done, the first step was to load a column
volume of whey feed on to the anion-exchange column. Because of the affinity varied
in different ingredients, the proteins a-lactalbumin, b-lactoglobulin and BSA were
bound by the column which let IgG to pass through without adsorption. The next
stage was to wash out any material (like IgG) which was not adsorbed by resin and
one column volume of this buffer was needed. When this was finished, variable
ingredients could be washed out independently due to their different pls.
B-Lactoglobulin could be firstly washed out by two column volumes of 0.05 M
sodium acetate, pH 5.0 and the recovery turned out to be quite high. This method

should be counted as a practicable for B-Lactoglobulin separation. Scale-up can also
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be obtained if maintenance of the column bed length, superficial velocity and particle

size is put into performance.

(3) Immunoglobulin G

Immunoglobulin G presents strong function in the field of health and commerce.

For example, immunoglobulin G can be efficiently used for eluting which is
consistent with measurement of immounoglobulin G titers in most frozen storage of
ascites monoclonal antibodies(Mabs) for more than one year. The Mabs can be
serotyped of outer membrane antigens of N.meningitidis by dot-blot ELISA after a
simple filter paper method (Ferraz et al, 2008). The immunoglbulin G proteins also
can bu used for the fabricate and optical quality linear grating for microcotact printing
and the dedemonstration of potential biosensing applications(Angeley Davis &
Reitz,20006).

Separation method: Immunoglobulin G is entitled to be effectively separated from
dairy whey by (Gerberding & Byers, 2008)This goal can be achieved if both anion-
and cation-exchange column are applied. For the beginning, both columns needed to
be washed by a column volume of 1 M sodium hydroxide and one column volume of
deionized water. The following step was to use two and a half column volumes of 0.1
M acetic acid to make the pH lower so that the whey feed with a Ph of 5.8 could be
loaded on to the column directly. Since Immunoglobulin G differed itself from other
main proteins like a-Lactalbumin and b-Lactoglobulin in whey by showing no affinity
to the anion-exchane column, it could run through the column and leave other main
protein attached to the resin. Then, the one column volume loading of the
anion-exchange breakthrough curve fraction needed to be optimized before loaded
onto the cation-exchange column. After loading, a column volume of the initial buffer
would served as a cleaner to wash out any material which was not absorbed by
column. Finally, two column volumes of the buffer (0.05 M, sodium acetate, pH 8.5)
were introduced to elute the bound IgG. This was the last step which is done to

Immunoglobulin G with high purity.
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Fig 6. Preparative cation-exchange chromatogram.
One column volume of breakthrough curve from anion-exchange, 50 ml/min Pharmacia XK 50/30
column: 30*5 cm.
Buffer system: 0.05 M NaOAc, pH 5.5; 0.05 M NaOAc, pH 8.5

Peak 4 is for Immunoglobulin G

(4) IGF-1

IGF-I belongs to the multi-functional regulatory peptides forcell growth and survival.
It also can be part of a complex system that cells use to communicate with their
physiologic environment. Some neurotrophic factors such as IGF-I(Kuncl, 2001) can
be used for the protection of the postnatal motor neurons from slow glutamate injury
in organnotypic spinal cord. When it is applied at the time of human spinal cord injury,
IGF-1 treatment can rescue substantially, even if the slow neurodegeneration has been

a 7-8 week process and the motor neurons have been injured already.

Separation method: The separation of IGF-1 from whey had been proved to be
practicable by (Ben ounis, Gauthier, Turgeon, Roufik, & Pouliot, 2008). During the
operation, heparin affinity chromatography was chosen to extract minor protein
ingredients from two whey protein isolates which were obtained by ion-exchange
chromatography (IEC-WPI) and the second by microfiltration/ultrafiltration
(MF/UF-WPI) respectively. After a calculation, scientists found that IGF-1 was
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enriched by factors of 24-38 in the fraction made less concentrated by 0.5 m NaCl
from IEC-WPI and MF/UF-WPI nevertheless only 1-13% of major proteins were
extracted by heparin column. The existence of minor proteins including transthyretin,
angiogenin , B;-microglobulin and heart fatty acid-binding protein was also presented
by two-dimensional gel electrophoresis of this fraction from IEC-WPI. Thus, they
came to a conclusion that heparin affinity chromatography can not only show its value
in separating the main proteins included in some WPIs, but also highlight its
importance in concentrating the minor cationic proteins and some milk growth
factors.
(5) Escherichia coli

Separation method: According to Vasqu (Rojas, Vasquez, Reyes, Martinez, & Medina,
2006), with the help of immunomagnetic separation(IMS), the recovery of
Escherichia coli O;s7:H; milk cream is no longer out of reach. Before the
manipulation of ISM, people should make a confirmation on the efficiency of various
pre-enrichments broths and give their consideration and analysis to different
agars(differential and/ or selective) for the purpose of plating of the inmunobeads.
Parts of 25 g from screams , which were previously planted with pathogen low levels
(50, 10 and 1 cell/g), were made richer in buffered peptone water with vancomycin
(BPW-V), buffered peptone water with vancomycin and cefixime (BPW-VC) and
triptone soya broth with vancomycin, cefixime and tellurite (TSB-VCT) being
incubated 35 degrees C/18 hours. What came to the next is to apply the IMS and
make the immunobeads plated onto sorbitol MacConkey agar (SMA), sorbitol
MacConkey agar with cefixime and tellurite (SMA-CT) and chromogenic agar with
tellurite and cefixime (CRGA-TC). It was discerned obvious differences (p < 0.05) in
the recovery ratios according to the pre-enrichment broth applied, being achieved the
highest recovery rates with the help of TSB-VCT for the three inocula levels. The
number used to describe the recovery rate did not change hugely (p < 0.05) among the
agars which were applied, however, the quantity for inculated cells decreases the
recovery rations, being larger since it raise the inocula. At last, they could come to a
conclusion that while choosing a method to separate Escherichia coli O;s57:H7 for milk
creams, IMS would not lose its place.
Conclusions

According to the content above, the separations of those products from milk and
whey have been proved to be practicable and effective. Special attention should be
given to ion-exchange chromatographic process since this method is easy manipulated
and shows high performance in the separation of main proteins from milk with
satisfactory recovery. However, there are still some aspects of these processes which

can be improved. For instance, due to the limitation of current technology, some
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products gained from the milk are microweight, even if the raw material is enough.
What is more, some other components are damaged under some special conditions, in
order to obtain the certain product, simprovement should be made to enhance the
quality of separation. What we would like to make clear is that some of other valuable
ingredients contained in milk are detected, however, the separation of them is far
satisfactory. A good example is Glycomacropeptide (GMP).

Glycomacropeptide (GMP) located in milk protein caseink-a peptide fragment, is a
new kind of functional factor with many of the biological activity. It combines cholera
and enterotoxin for inhibiting bacteria and viruses to keep away the attaching of the
intestinal secretion in order to promote and regulate the growth of bifidobacterium
immune response(Lee & Chang, 2002). In order to make most advantage of milk,
further separation method should be established. Last but not least, in order to meet
the huge demand from the global market, scale-up is extremely needed. Thus,
Scientists and researchers still need to put more effort to enlarge the scale of
separation. Though there is a long way ahead, scale-up in some fields is far from dim
since ‘scale-up can also be obtained if maintenance of the column bed length,
superficial velocity and particle size is put into performance, just like the conditions
we talked about in method 2 for B-Lactoglobulin separation. However, with the
progression of theory and technology in the field of separation, those products can
sooner or later be separated and serve as a role to contribute to human health and
medical science. There is a good saying that ‘where there is a will, there is a way’, no
matter how hard the separations are, they will be defeated by human-beings, sooner or

later, in the future, we believe.
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2~ E19 Film and Dropwise Condensation

E19 FILM AND
DROPWISE
CONDENSATION

ShihSheng Chang soe
27.Nov.2008 |e

Context

e Fluids is always to be either heated or cooled
in the chemical processes, i.e. heat is to be
given out or absorbed

e Furnances -~ Evaporators - Distillation units ~
Driers and reaction vessels

° AIternatively prevent the loss of heat
e The o heat transfer coefficient (U) is
needed to be determlned
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Purpose of Experiment

e Determination of film coefficients
e Method 1: requires measuring the temperatures of
both fluids and the surface of separation
e Method 2: is put forward by Wilson*

Suppose steam to be condensing on the outside of a
tube through which water is passed at various
velocities. (more)

e Comparison with dropwise condensation

Heat do not have to flow through a film by conduction,
much higher transfer coefficients are obtained. (more)

*WILSON, E.E.: Trans. Am. Soc. Mech. Eng. 37(1915)546. A basis for rational
design of heat transfer apparatus

eoes
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Experimental Diagram ot
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Results o

Wilson Plot on Film condensation

1/h,=1.01E-05
h,=9,910

0.00E+0O0

€ 1/u0.8

1/U

Results o

Wilson Plot on dropwise condensation

1/h,=6.75E-05 K /
h,=14,800
0.00E+00 }2

@ 1/u0.8

1/uU

70/90 [iiamte e %ﬂ?



0000
o900
8e2
Discussion .
e Transfer coefficient of steam (h,) obtained
» film condensation is 9,910 W/m2K
» dropwise condensation is 14,800 W/m2K
e Nu=0023Re " A" is valid for Re > 10,000
e Steam supply is not steady
e Oleic acid not spreads very well
e Reference results
» Film condensation is 8032.8 W/m2K
» Dropwise condensation is 28866 W/m?K
000
0000
o900
[ LR
L 1
®

Heat Transfer Equation

o Q=UAAT,,

Q: the heat transferred per unit time

A: the area available for the flow of heat

AT, the difference in temperature between hot
and cool fluid (more)

U: the overall heat transfer coefficient
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Wilson Method +

e Steam condensed on the outside of a tube
e \Water pass at various velocities
e The overall and film transfer coefficients

I 1 1 1

U h, b, b
e The transfer area on each side of the tube is
approximately the same

e For conditions of turbulent flow of the transfer
coefficient for the water side 4 = ¢

Wilson Method :

e The coefficient for the condensate film is almost
independent of the water velocity

[1]—=(consmm)+1 | a®

e 1/U is plotted against 1/u®® a straight line is
obtained with slop 1/ ¢ and intercept equal to the
value of the constant

e ¢ represents the value of the film coefficient h, for
unit water velocity

<
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Dropwise Condensation

Droplets formed without wetting the surface
Expose fresh condensing surface

Much higher transfer coefficients obtained

application at present

heat transferred without flowing through a film by conduction

Mercapans and oleic acid could be used but little practical

e EXxceptionally high values of h won'’t give a corresponding

increase in the overall coefficient

e Helpful in experimental work to reduce the thermal resistance on

one side of a surface to negligible value

<
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Definition of AT,

e The logarithmic mean temperature difference
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Derivation of AT, occ
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Conclusion

e Good understanding of Heat transfer and film
condensation

e Determination of steam transfer coefficient
e Comparison with dropwise condensation
e Good Practice at laboratory experiment

Further development

Change the supplement of pressure of steam
The source of steam should be more stable
Determination of other vapors or mixed vapors
Find out substitute of oleic acid
Mercapans or others which is better to be applied

The goal is to reduce resistance or make more
heat transfer as much as possible
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-+ ~ EA-58 Plate heat exchanger

Introduction

Almost heat exchangers used in the chemical processes are the shell and tube
types, which can provide the best heat transfer for most fluids. However, they
are not satisfied while processing the high viscosity fluids due to the surfaces
of the exchangers could be fouled quickly and therefore a loss of performance
and contamination of the product appear. For these conditions plate heat
exchangers are more appropriate. This kind of exchangers is made of many
thin plates with the heating or cooling fluid on one side and the process fluid on
the other. The plates are mounted between a fixed head plate and a moveable
follower plate and are corrugated to give them rigidity and to produce
turbulence. The number of plates can be determined by the needed heat
exchanger area, which provides heat to go through. A rubber gasket is used for
sealing each pair of plates and therefore the inlet and outlet flow paths can be
defined for the two fluids.

Experimental

1. Firstly, the exchanger A is to be dismantled. By following the
steps, we first measure the gaps between the two end
plates at each four corner of the exchanger A. Normally,
each of the gap is 3.4 cm. This could be shown as fig. 1.

2. Next check the valves A, D, H and are closed and C and E 3.4cm

are open for releasing the remained pressure in the pipe
and exchanger. Close the pump isolation valve (G) and
open the drain valve (). Then the exchanger A starts to be
dismantled by removing the nuts.

77/90

Fig. 1: a sketch shows
the measurement of the
exchanger before
dismantling.
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Fig. 2: The two different kinds of the plates which compose the exchanger alternately.
3.

While drawing off the follower plate, the order and orientation of the plates
should be carefully noted. The two different kinds of the plates which
compose the exchanger alternately. By following the arrangement, the hot
and cold fluids can flow through the exchanger across every one other
plate. Therefore, the two fluids can sufficiently heat exchange.

Wash and clean the plates and make sure the gaskets are good for use
and there is no dirt or contamination remained on the plates.

Replace the plates and follower in the correct sequence and then put on
the nuts to hand tightness. The final tightening should be carried out on
alternate sides by following the numbered sequence shown on the follower.
Check that the separation of the follower and header is equal to the value
measured initially all around the plates.

Before start the pump, check that steam inlet valve (A) and process drain
valve (I) are closed and the by-pass valve (H), the pump inlet and outlet
isolation valves (F,G) are open. Turn on the pump and check that some
process fluid emerges from the outlet pipes above the tank and then
gradually close the by-pass valve.
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Fig. 3: the flowchart of EA-58 experiment

7. Open the cooling water control (K) and inlet valves (J). Turn on the
temperature indicator and select channel 2. Make sure that the process
fluid temperature is less than 85C.

8. Steam is supplied by opening the isolation valves and closing by-pass,
vent and drain valves. The steam main should be at 7 bar(g) and on this
rig the steam is reduced to 1 bar(g).

9. Wait until the system reach equilibrium temperature and adjust the cooling
water flow rate until the process fluid temperature at the inlet to the first
heat exchanger and the outlet from the second are approximately equal.

10. Read all the temperatures and the cooling water flow rate. Measure the
mass flow of process fluid (M) with a stopwatch by diverting the flow
return into a container and weighing.

11. Reduce the process fluid flow until the temperature of the intermediate
point of the heat exchangers rises by about 10C.

12. Repeat the step 10 and 11 again for a temperature (T2) of about 80C.

13. On completion of this section, close the by-pass, isolating and steam inlet
valves and open the vent and trap by-pass valves.

14. Close the cooling water inlet valve and turn off the pump and temperature
indicator after the system has cooled.

Results and Discussion

1. The raw data and the calculated results are presented in the appendix.

2. The heat capacity of the process fluid (C’) decreases while the
temperature of it increases at the intermediate point, i.e. 4102.85 J/kg.K at
54.3°C, 3897.14 at 70.6 and 2887.29 at 77.6. That also means the
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viscosity of the process fluid also changes with the fluid temperature and
is high at low temperature. High heat capacity makes the process fluid
temperature not easy to increase or decrease although the heat transfer is
already large as the result of run 1.

3. Although the steam temperature is over 100°C, the steam supply is not
sufficient enough and so the temperature of the process fluid increases
very slowly. After adjusting the pressure reducing valve by a supervisor,
the process fluid temperature has obviously changed.

4. The signals from transmitters seem to be a little strange because the
reading on the indicator sometimes decreases to a non-reasonable value
but recoveries to a normal value after the channel is switched to another
and turn back. This means the signal wire is probably fatigued and
needed to be changed in order to get a stable reading.

5.  We need to wait for a longer time until the inlet temperature of the process
fluid to the first heat exchanger and the outlet temperature from the
second are approximately equal. Therefore, the system reaches
equilibrium and then the results would be more reliable in this experiment.

Conclusion

1. Plate heat exchanger is used to process the heat transfer of high viscosity
fluids.

2. Plate heat exchanger is dismantled for taking a look at the inside. The
procedure should be noticed that the arrangement of the plates in the right
direction and the distance between the head and follower is recovered to
the original state after dismantling.

3. Due to process high viscosity fluids, the equipment should be kept high
efficiency by cleaning it carefully.

Appendix

The raw data obtained from the experiment.

Run | Timel | Weighl | Time2 | Weigh2 | T, T2 T3 Ta Ts Te Ts Flowrate

(sec) | (kg) | (sec) | (kg) (cm)

1 9.75 2.23 11.78 2.65 317 | 543 | 358 | 1029 | 39.2 | 7.1 | 12.2 16.75

2 21.25 | 2254 | 2140 | 2310 | 349|706 | 38.1 | 1043 | 938 | 10.2 | 143 16.5

3 2033 | 1856 | 24.92 1545 | 30.0 | 77.6 | 30.0 | 105.0 | 106.0 | 10.5 | 20.7 2.0
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The results obtained from calculation.

Q1=Q2 c' ATe | Us Ua Q3

17217.6|4102.85| 34.97| 1367.5/1593.44| 21033.39

13553.2 3897.14 40.45 930.68 1127.86 14887.71

8608.8(2887.29| 34.92| 684.71/652.182| 8608.80

Q,=M,,.C.(T,—T,) theheat gained by the cooling water
where: C=4220J/kgK M, =water MASS flow (kg/s)
Q=M ;.C’ (T,—T,) theheatgiven upbythe process fluid
where: M = process fluid flow (kg/s)

C' isthe specific heat capacity of the process fluid
Q,=U,.A,. AT,
where A isthe area for heat transfer(0.36 m?)

<T3_T6)_<T2_T8)

(L))
(T,—T,)
Q=U,. A, . AT,=M_.C'.(T,-T)
where A , is0.22 m’

AT, =
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-~ ~ Biodiesel Production

1.0 BACKGROUND

Biodiesel has been gaining worldwide popularity as an alternative energy source
because it is non toxic, biodegradable and non flammable and has fewer emissions
than petroleum based diesel when burned. Biodiesel is an eco-friendly, alternative
diesel fuel that runs in diesel engine cars, buses, trucks, construction equipment, boats,
generators and oil home heating units. Biodiesel functions in current diesel engines
and is a possible candidate to replace fossil fuels as the world’s primary transport

energy.

Biodiesel is a substitute fuel for compression ignition internal combustion engines. It
is produced by the transesterification of waste or vegetable oils and animal oils or fats
with lower alcohols. Most vegetable oils can be converted into biodiesel but the cost
of the vegetable oil feedstock is now a key factor in the least cost production of
biodiesel for blending with fossil fuel. Biodiesel has many environmentally beneficial
properties. The main benefit is that it can be described as “carbon neutral”. This
means that the fuel produces no net output of carbon in the form of carbon dioxide. It
also has good lubricant properties that extend the engine shelf life, its high cetane
number, its high flash point and its acceptable cold filter plugging point which makes
it attractive as an alternative fuel.

A method used to produce biodiesel is the transesterification reaction by a
heterogeneous catalyst. The catalyst used in this write up is calcium oxide which
promotes the transesterification reaction without catalyst loss. In this process, the
catalyst is stable with no metal leaching and no formation of either glycerate salts or
metal soaps. By eliminating the formation of soap, heterogeneous method further
prevents the formation of emulsion in the mixture which could complicate the
separation and purification process. Basically, there are three types of heterogeneous

catalysts used in the transesterification process; i.e. acid, base (alkali) and enzyme.

Biodiesel has recently experienced a major surge worldwide. A rapid expansion in
production capacity is being observed not only in developed countries such as
Germany, Italy, France, and the United States but also in developing countries such as
Brazil, Argentina, Indonesia, and Malaysia. Interest in and expansion of the
production of the renewable fuel has been fostered by mandates and financial
incentives offered by governments. This interest can be mostly attributed to the
commonly cited advantages of biofuels, mainly that they

eReduce the emission of gases responsible for global warming
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ePromote rural development.
¢Contribute towards the goal of energy security.
e Are renewable,

¢ And reduce pollution.

Another feature that proponents of biodiesel put forward is that the fuel can be used
without modification in engines currently in use. Over the past three decades the
desires to establish

national energy self-reliance and to develop alternatives to finite fossil fuel resources
have resulted in the development of fuel technologies that are based on the use of
renewable agriculture-based materials as feedstock. Information on the production,
quality specifications, performance and emission properties of biodiesel has
accumulated steadily over the past three decades. In addition to extensive laboratory
testing, millions of miles have been travelled by test and demonstration vehicles
running on biodiesel. Announcements of its adoption by municipalities, school
districts, businesses, governmental agencies, entrepreneurs, and show business
entertainers appear on a regular basis. Thus, biodiesel technology is making the
transition from a research endeavour to a worldwide commercial enterprise. In
support of this increasing consumption there have been substantial increases in
biodiesel production in recent years, a trend that is expected to continue. Europe and
the US are the leading biodiesel producers at this time. This growth is the result of the

construction of new production plants and the expansion of existing ones.

The choice of feedstock in the production of biodiesel is based on such variables as
local availability, cost, government support and performance as a fuel. A variety of
different types of reaction configurations can be employed in biodiesel synthesis, and
may involve inorganic acid, inorganic base or enzymatic catalysis, biphasic or

monophasic reaction systems, and ambient or elevated pressures and temperatures.
2.0 METHODOLOGY

Transesterification process is a main process in biodiesel production from vegetable
oils. With the current demand and technologies, many types of heterogeneous
catalysts have been explored in order to enhance existing production capacity and
quality. Heterogeneous catalysts have many advantages when compared to
homogenous catalysts. As a heterogeneous catalyst, Calcium Oxide (CaO) has basic

sites stronger and it has been studied as a solid strong base catalyst by many
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researchers. It also has a longer catalyst lifetime and better stability than current
homogeneous catalyst.

The transesterification of triglycerides to fatty acid methyl esters (FAME) with

methanol is a balanced and catalyzed reaction, as illustrated in Fig. 1. An excess of

methanol is required to obtain a high degree of conversion.

R1—COO—CHj R1—COOCH3 HO—CH;
cataly st
R,—COO0—CH + 3CHOH —_—= R,—COOCH; + HD—A)H
Fia—CDD—(]JHE R3—COOQOCH; HD—J:HE
triglyceride methanol methyl esters glycerol

with R1, R2, R3 = hydrocarbon chain from 15 to 21 carbon atoms

F

A
R

0 HO

o OH HaC
\
=
Hye—OH| =—
W +3[ + 3], g
R
0

g

Trighceride Methanol [3) Glycerol Methy| Esters (3)

Fig. 1: Overall reaction for vegetable oils methanolysis

In this continuous process, the transesterification reaction is promoted by a
completely heterogeneous catalyst without catalyst loss. In heterogeneous catalyst
processes, the reaction is performed at higher temperature and pressure with an excess
of methanol. However, this excess is removed by vaporization and recycled to the
process with fresh methanol.

In order to meet the standard specifications, two stages of reaction and glycerol
separation were built to shift equilibrium of methanolysis. The flow diagram of this
process is presented in Fig. 2. The catalyst section includes two fixed bed reactors fed
with vegetable oil and methanol at a given ratio. Excess of methanol is removed after

each reactor by partial evaporation, and then esters and glycerol are separated in a
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settler. Glycerol outputs are gathered and the residual methanol is removed by
evaporation. In order to obtain biodiesel at the European specifications, the last traces
of methanol and glycerol have to be removed. The purification section of methyl ester
output coming from decanter 2 consists of finishing methanol vaporization under
vacuum followed by a final purification in an adsorber for removing the soluble

glycerol.

i,
partial partial T

MeQH MeOH
evap l—b\/k evap \l/k. BIODIESEL

f ] \"l /a -\.! L\/k!ﬁeﬂf:ll&'iﬂp ‘

1 —— re—

+ | f

L4 y : = I
Methanol “‘-—JE/I “*—(’/ \
glycer f glyceri
\ Y
- ;

| —e
1 v > 98%Glycerin

- =

Fig. 2: Simplified flow sheet of the new heterogeneous process, Esterfif-HTM

In conventional biodiesel production process, vegetable oil methanolysis is achieved
using a homogeneous catalyst system which is operated in either batch or continuous
mode. Normally, sodium hydroxide or sodium methylate will be used as catalyst in
this process. After transesterification reaction, sodium will be recovered as sodium
glycerate, sodium methylate, and sodium soaps in the glycerol phase. Sodium soaps
generally occur as side reactions from this process. The sodium soaps are soluble in
the glycerol phase and must be isolated after neutralization by decantation as fatty

acids.

Soaps may allow emulsification that causes the separation of the glycerol and ester
phases to be less sharp. Soap formation also produces water that can hydrolyze the
triglycerides and contribute to the formation of more soap. Further, catalyst that has

been converted to soap is no longer available to accelerate the reaction.
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3.0 NOVELTY

Heterogeneous base catalysts are better than homogeneous base catalysts because of
the great property of being noncorrosive, friendly to the environment and presenting
very few disposal problems. That is the reason that they are easily separated from the
liquid products and used for design with higher activity, selectivity and longer catalyst
lifetimes. There are a lot of types of heterogeneous catalysts explored for
transesterification of vegetable oils to biodiesel. One of them is CaO, which owns
stronger basic sites and many researchers use it as a solid strong base catalyst for
study. By using CaO to produce biodiesel as a solid base catalyst, the advantages are
higher activity, mild reaction conditions, long catalyst lifetimes and low catalyst cost.
Reddy (2006) used Nanocrystalline Calcium Oxides to produce biodiesel under
room-temperature but the reaction rate was slow as it required 6-24 h to have a high
conversion with the most active catalyst. Liu et al. (2008) found that adding a little
water into methanol can enhance the catalytic activity of CaO in the transesterification
of soybean oil to biodiesel. They also proposed the transesterification reaction
mechanism in the presence of a little water in methanol. Because of the presence of a
little water, CaO can produce more methoxide anions. Methoxide anions are the real
catalysts of transesterification of glyceride to biodiesel. Therefore, the
transesterification reaction rate is enhanced and can be accelerated. The yield of
biodiesel is also increased due to a short reaction time. The best amount of water is no
more than 2.8% by weight of soybean oil.
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Flg 3 Effect of water content of methanol on biodiesel yield. Flg 4: Effect of molar ratio of methanol to oil on biodiesel yield.
CaO/oil mass ratio: 8%; reaction temperature: 65 _C; methanol/oil CaO/oil mass ratio: 8%; reaction temperature: 65 _C; reaction time:
molar ratio: 6:1. (Liu et al (2008) 1.5 h; water content: 2.03%. (Liu et al (2008)

Fig. 3 shows that the various amounts of the water contained in methanol affect the

biodiesel yield. When the water content in methanol increased, the biodiesel yield

86/90 e A



raised. It took 3 h when analytical reagent methanol was used by only 80%.
Meanwhile, 95% of the biodiesel yield reached when the water was added up to an
excess of 2.03%. That is because OH groups were formed on the CaO surface by
adsorbing water molecules dissociatively. (Eq. (1)) and they can accelerate the
transesterification reaction rate. The content of water in methanol should not be more
than 2.8% in order to prevent the formation of soap.

Fig. 4 indicates that when the molar ratio increased, the biodiesel yields grew. By

using analytical reagent methanol with 12:1 molar ratio of methanol to oil, the yield

was only 75%.
H
0y OH H* (1)
Ca—0 = = Ca 0O
OoH H H'
CH,0OH 4 - = CH.O" + + H0
Ca—0 Ca—0
(M
=1
CH,0—H CH,O&r  H*
: (3)
Ca— 0 - = Ca—0

In contrast, at a 2.03% water content in methanol, the biodiesel yield reached 97%
when the molar ratio was 12:1. This is the best molar ratio of methanol to oil because
the catalyst content decreased at higher molar ratio. The result shows the biodiesel
yield was only 90% at 18:1.

In the reaction mixture, there constitutes a three-phase system in the presence of
heterogeneous catalysts. The diffusion resistance occurs between different phases and
the reaction rate decreases. Raising the reaction temperature can accelerate the
reaction rate, but at high temperatures, methanol would be vaporized and form lot of
bubbles. It is not good to the reaction on the three-phase interface. According to the
result, the best temperature for the reaction was 65C.

The mass ratio of catalyst to oil can affect biodiesel yield. The amount of CaO
increases to improve the biodiesel yield. When the CaO/oil mass ratio was 8%, 90%
of biodiesel yield can be obtained by 3 h. In contrast, when CaO/oil mass ratio was
2%, the yield only was 55%. The reason was that alkalinity can affect greatly the
catalytic activity, but when the amount of CaO to oil was more than 8%, the effect of
CaO on biodiesel yield was slight. Therefore, the importance of the mass transfer

increases at this moment rather than the increasing the amount of catalyst.

87/90 fly e 2 R



Although the heterogeneous solid base catalysts for the transesterification of
vegetable oils to biodiesel consist of CaO, K,COs/y-Al,O3 and KF/ y-Al,O3, Cao is
more stable and has better activity in this reaction. CaO catalysts can produce
excessive 86% biodiesel yields at 65 °C and 1 h in each experiment. After used for 20
times, the activity remains high and the biodiesel yield only decreases slightly.
However, K,COs/y-Al,O3 and KF/ y-Al,O; catalysts are sensitive to water and the
activity of them decrease rapidly at each time to produce biodiesel repeatedly. The
reason is that alkali metal compounds are dissolvable in methanol, which corrodes the
active ingredients. Therefore, the biodiesel yields decreases.

The novelty of this research is using CaO catalysts to produce highly yield of
biodiesel. It is an important impact on biodiesel yield to add water at an approximate
level in the transesterification of soybean oil to biodiesel. The best composition is a
12:1 molar ratio of methanol to oil; addition of 8% CaO catalyst, 65 C and 2.03%

water content in methanol and the biodiesel yield can exceed 95% at 1.5 h.

4.0 POTENTIAL IMPACTS

The potential for the use of biodiesel is to enhance the chemical process industry to

produce environmentally friendly biofuel using heterogeneous catalyst.

Bioenergy should play an essential part in reaching targets to replace petroleum-based
transportation fuels with a viable alternative, and in reducing long-term carbon
dioxide emissions, if environmental and economic sustainability are considered
carefully. Here, different platforms, crops, and biotechnology-based improvements for

sustainable bioenergy are reviewed.

Bioenergy refers to renewable energy from biological sources that can be used for
heat, electricity and fuel, and their co-products. There has been a resurgence of
interest in bioenergy recently. The potential impact of the biotechnology on renewable
energy has been already addressed.

Second generation micro algal systems have the advantage that they can produce a
wide range of feedstocks for the production of biodiesel,

The main advantages of second generation micro algal systems are that:

e Have higher photon conversion efficiency.
e Can utilize salt and waste water streams, thereby greatly reducing freshwater use
e Can couple CO,-neutral fuel production with CO, sequestration.

e Produce non-toxic and highly biodegradable biofuels.
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Biodiesel is the most immediate alternative to diesel oil and many environmental,
social, and economic benefits would readily arise from its utilization in both the
transportation and energy sectors. In Brazil, there has been an increasing interest in
developing such an alternative, but the economics of producing biodiesel from
vegetable oils has always been negative. However, several factors indicate that
changes are just around the corner. These include the severe turbulence recently
observed in the international petroleum market, the recent achievements toward the
production of a good-quality biodiesel from cheaper and more readily available lipid
sources and the development of new catalysts for alcoholysis.

Therefore, biodiesel may soon become competitive and its use to replace diesel oil

will increase steadily.

A new biodiesel process has been introduced to the chemical process industry which
is the Mcgyan process. In this process, a better biodiesel process has been developed
with no waste products and lower costs.
The metal oxide microspheres are the key to the process because they are highly
soluble catalysts, even under extreme temperature and pressure and show no loss of
conversion efficiency over time.
All excess alcohol is recycled back through the reactor, so the process does not
produce waste any products.

The Benefits of the process;
* Can utilize a variety of inexpensive, not food grade feedstocks [like fat and garbage
food waste]
* Can produce biodiesel in seconds not hours
* Does not produce any waste
* Small in physical size
* No washing, refining or neutralizing of the biodiesel is necessary [can be 88% of the
cost of biodiesel]

* Sulphated zirconia catalyst never needs replacing
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