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Reliance on plastic by society has resulted in large volumes of waste requiring treatment.
Often, this waste is disposed of in ways that harm the environment or prevent thie-use of the
material, such as landfill or incineration. Therefore, the plastic value chain is often described as
being linear because of the poor enebf-life strategies currently in place.

It is crucial to introduce some circularity into the plastic value chain, to increase the useful
lifespan of plastic material and to minimise plastic pollution of the natural environment. One
route to achieve this is to recycle plastic.

Chemical recycling, an umbrella term used to describe a plethora of recycling strategies,
describes the deliberate breakdown of a plastic material by a controlled process to yield
monomers, or other low-molecular weight products. These products can then beised to
produce fresh, high-quality plastic, or other valuable materials

However, many chemical recycling processes suffer from drawbacks such as poor product
selectivity and purification steps requiring large volumes of solventsBoth issues have led to
challenges surrounding the proper cleaning and disposal of solvents used in the synthetic and
purification steps, meaning that chemical recycling processes often find themselves in
violation of the first Principle of Green Chemistry it is better to prevent waste than to treat or
clean up waste after it has been created.

In this work, two novel projects are undertaken to develop routes to chemically recycle
polyethylene terephthalate with little to no solvent waste. Supercritical carbon dioxide is
employed as a key solvent in both projects, whilst microwave heating is alsxploited as an

energy source for plastic degradation.



rr

NllUgq!l YI e HaqRYU
NIONWNG JWAGct qRHEWI ¢t qUWAI YHGIJG W

Plastics are ubiquitous in our daily life. Food packaging, medical equipment and clothing are
just three examples of how plastics contribute to the normatunning of society. As a class of
materials, plastics exhibit an unparalleled range of useful properties, such as: flexibility,
ductility, high tensile strength, and high thermal resistancer driving their suitability for a
plethora of applications. The ability of plastics to meet a range of needs has fuetlea demand
for the material, which is reflected in the 26fold increase of consumption since 1950, reaching

311 million tonnes in 2014, with this figure expected to double by 2035 (Fig. 11).

3x%104+ i
Y Recorded Data : Projected Trend — All Waste Recycled
2 — All Waste Incincerated
c _
'2 2%104- = All Waste Discarded
e — Primary Waste Generated
5
=
c x 4]
5 1%10
=
0 I |
D S O P
7 00 9
[ RNz IAIGOTqHt 6 Ys RUNIOq 6 WIORUHAIT J¢t IR U Oq § @ OE Gd §F IDYIHRIQ®&RIY 1 dia¥ Hh KD ¢Yts dad
s RUGIORUHI et WIORUIOGEDOnz2qeal IgtONSIJIOHE Ge HRa! IOYnK02¢ | RYat H0s ¢t qldl

It is inarguable that plastics have helped increase the quality of life for people around the world,
by enabling the cheap manufacture of everyday products. But the mass usage has led to
several undesirable consequences on the natural environment and humahealth which largely

arise from poor treatment of plastic waste.
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considered as four parts:

1. Many plastic products being intended for single use.

2. Improper disposal after a short period of use.

3. The impacts on the natural environment and human health which arise from poor

plastic disposal.

4. Limitations of current recycling technologies.
The sheer volume of plastic producedxacerbatesthe issues which arise from the categories
discussed above. Global Plastics Flow estimatedthat in 2018 along 250 million tonnes (mt) of
plastic waste material was generated worldwide? Only 70% (175 mt) of this waste material has
been formally accounted for, leaving the fate of 75 mt of waste material unknown. 20% (50 mt)
was collected for recycling, an additional 20% (50 mt) was incinerated to recover the energy in
the chemical bonds, 30% (75 mt) was disposed of via landfilling whilst a further 25% (62 mt)
was classed as being improperly disposed. The final 5% (13 mt) was leaked into the

environment.

The figures from 2018 demonstrate that the plastics value chain is still incredibly linear, as 50%
of plastic waste was disposed of in a manner which prevents its reusethis is known as the
take-make-waste model (Fig. 1.2)3 The linearity arises from the fact that the majority of
products consumed today only ever move in one direction along their value chain: from raw
material to waste. The Ellen MacArthur Foundation, a charity leading the transition away from
these linear madels, identifies the root of the takemake-waste model in the industrial

revolution. This marked the first time that goods could be mass produced and there appeared
to be an infinite supply of the raw material needed. The practices and frameworks establistd

during the industrial revolution became embedded across many economically developed
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and population growth to increase.
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1 Eliminate waste and pollution.
1 Circulate products and materials (at their highest value).

1 Regenerate nature.

Mp
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As a concept, thecircular economy continues to gain momentum. In the academic space, the

aims of a circular economy are weHaligned with the 12 Principles of Green Chemistry originally

developed by Paul Anastas.Specific principles that relate well to the circular economy are:

1 Itis better to prevent waste than to treat or clean up waste after it has been created.

1 A raw material or feedstock should be renewable rather than depleting whenever
technically and economically practicable.

1 Chemical products should be designed so that at the end of their function they
break down into innocuous degradation products and do not persist in the
environment.

International bodies have also been placing sustainable development at the centre of their

objectives. In 1992 the United Nations (UN) hosted the Earth Summit Conference, where 178



member states adopted a strategy to build a global partnership for sustainable development to

improve human lives and protect the environment titted Agenda 21.

Agenda 21, alongside subsequent UN resolutions and meetings, laid the groundwork for the
2030 Agenda for Sustainable Development summarised in 17 Sustainable Development Goals
(SDGs)™ hese goals are designed to facilitate the movement towards a more sustainable
world, and express values and objectives consistent with the goal of a circular economy,

specifically:

1 Goal 9: Industry, Innovation and Infrastructure Build resilient infrastructure, promote
inclusive and sustainable industrialization and foster innovation.

1 Goal 11: Sustainable Cities and Communities Make cities and human settlements
inclusive, safe, resilient, and sustainable.

1 Goal 12: Responsible Construction and Production Ensure sustainable consumption
and production patterns.

1 Goal 14: Life Below Water Conserve and sustainably use the oceans, seas and marine
resources for sustainable development.

1 Goal 15: Life on Land Protect, restore and promote sustainable use of terrestrial
ecosystems, sustainably manage forests, combat desertification, and halt and reverse
land degradation and halt biodiversity loss.

Whilst there is clear evidence of the recognition for a need to transition towards a more
sustainable, circular approach for plastic waste in the academic and political space, the rate of

change is very slow.
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Much of the reasoning behind our reliance on the linear waste treatment strategies outlined
above can be explained largely by convenience. Much of the infrastructure to facilitate
landfilling and incineration already exist, and they can be carried out edgiand cheaply.
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change at a governmental level in order to push stakeholders in the plastics value chain to

adopt greener, more sustainable practices.
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Consumers purchase 31 billion singleuse drinks containers in the UK every year, and the UK
government currently estimates collection rates at 75% with a significant amount ending up
littered or in landfill.*® In an attempt to boost recycling rates in the UK up to 90%, and reduce
littering of drinks containers by 85% in three years, the UK government is aiming to implement a
deposit return scheme (DRS) in 2025, where customers who purchase a drinks bottle will

receive a small cash reward for returning it to a DRS vending machine once used. The scheme is
intended to collect drinks containers ranging in volume from 150 mL to 3 2 This policy has

AW UWRUY GRI WT WH! W6 WWEal YGU¢ UWOURYUK't WelEOb WAGCEYT a
the usage of single use plastic bottles, many of which are manufactured from PE¥Caution,
however, is warranted as Germany saw an increase in the market share of singise drinks

bottles after a DRS was introduced in 2003, with a corresponding fall in the market share of
multi-use drinks bottles (Fig. 1.6). This was attributed to thease which customers could return
single-use PET bottles via the DRS, along with the financial rewards of returning a singée

bottle (0.25 Euros per bottle)*

DRS is a new scheme in the UK, and it is preceded by another government intervention, the
Plastics Packaging Tax, which came into force®1April 2022.%* Under this new intervention, any
business which imports, or manufactures, plastic packaging containing less than 30% recycled
content is required to pay £200 per metric tonne of plastic used. The objectives of this tax are to
encourage investment in recyting strategies and reduce reliance on virgin plastic freshly

produced from non-sustainable sources like crude oil.
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The EU implemented a similar tax from®LJanuary 2021, known as the EU Plastics Contributighi.
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of non-recycled plastic packaging waste. This is in addition to any domestic plastic taxes

countries implement and, much like the British version, is intendd to incentivise the uptake of

recycling and reuse strategies over the traditional linear waste treatment methods.
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which is projected to increase to 55 million bnnes by 2030’

A key strength of mechanical recycling is the tackling of heterogenous plastic wasttreams
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industry. The heterogeneous waste stream is collected at a variety of rates (#B5%) across

Western Europe (UK, France, Germany, Spain and Italy), and consists of a @griof materials:
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The heterogenous nature of the waste collected at the kerbside mean that several separation
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After this pre-treatment, the plastic material undergoes melt extrusion. The plastic material is
heated, and moved by rotating screws, in order to be softene&: The process is then
completed by feeding the melt through a barrel of a specific size, to give extrudate of a desired

size. This material can then be reformed into new plastic product$?®

Melt extrusion is relatively cheap, does not require organic solvents and can be used to process
a wide range of polymers, hence its popularity?® However, the intense processing conditions
inside the extruder (high temperature, mechanical shearing) cause polymer chains to undergo

chemical degradation processes, such as: chain scission or oxidatiorf’: 8

These modifications can result in a reduction of the molecular weight of the polymer, cross
linking of the material, or introduction of different functional groups>® Unfortunately, these
changes on the molecular level on the polymer chain have an impact on the products
reusability. Mechanical strength is weakened, discolouration takes place and thermal
resistance is reduced.® The intense processing conditions employed in mechanical recycling
can be simulated through repeated injection moulding. Virgin PET underwent several rounds of
injection moulding, and a more brittle, less ductile material of lower molecular weight was
produced (Fig. 1.8). These changes in mechanical properties were attributed to chain scission

in the diethylene glycol region of the backbone to ethylene glycol unis.
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Mitigation strategies have been adopted to try and minimise the side effects seen during melt
D+ql 2t RYUOW T T RaqRY U WY $wllild)lddIALE ) R |2 1Ry UK @& YLD !¢ G 1d 1N/ LIRS 3
extruded material. Additives known as compatibilisers may also be integrated into a recycled

polymer that has been contaminated with a different polymer due to sorting limitations. For

example, a short chain block poypropylene-PET copolymer (PHPET) may be included in

recycled PET which contains residual amounts of PP, to @vent phase separation of the two

polymers leading to weak spots in the material$ 3
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cycle. It is considered technically feasible to recycle PP up to four times before the thermal

degradation becomes pronounced enough to be detrimental. In practice however, most PP is

downcycled once into playground equipment or clothing® The same poor recyclability is seen

for PET, as drinks bottles can only be recycled into lower value products such as textil&sThis

is due to strict regulations on the quality and purity level of plastics that will come into contact

with food, meaning it is currently challenging to mechanically recycle used food packaging into

new food packaging.

It is clear that new recycling technologies are needed which will preserve the properties of
polymers, enabling their perpetual reuse in similar applications across multiple lifetimes.
Closed-loop recycling, where a polymer is degraded to monomers or oligaers which then may
be re-polymerised to fresh polymer of equal quality to the virgin, is a popular route to improving

the circularity of the plastics value chain.

Molecule recycling, however, is another viable route to prolong the life of waste plastic, by
chemically converting it into a fuel or some other useful material or substance. Molecule

recycling differs from closedloop recycling as it does not produce theoriginal monomer,



preventing repolymerisation, but it still avoids the damage inflicted on materials by opetoop

methods and it is still a more circular approach than landfilling or incineration.

TaoaYa®lO-Yialrz GWIAWNHR! RAGRUNIO

~YOWHEz GUW UH! #Hi R0 NGQUGESIRDG & LB A 1LY WD |HGLBRIMUL: + 13T LW
| Yeqt Wet UT WaqYWarYU2J!l qUWGHct qRAWAICc q]l Rett WRUqVYW2¢
q6 Rt WRE WHeT | RUT WYe qWA! WHY U211 qRUNWQ6 WIWGH ¢t qRHLW2 F
2t U7 WROGIIE BB E Ws Ra 6 WHGS I8 REE O Wi IAHIR i RIOINRE G RUIEG WH§ 6 &
GYGUHz GUW UH! HGRUNDWs RGO G WA We+ T WqVY Wl 3t #1 RADWE WHE

Gl YT eHqWY qé6 131 Wa 6YCOURIDRYaH 1 G QLY G 131 + WY | LW

] ¢t RZACqRYUAWHYU2DU0qRYUCOWG! | YO!t Rt AWGRHAI Y35 ¢ 2 IJWC
GYOUH2GUOW UE! AGRUNKOW7 1 RInWT Ut Al RGqRYUt WY NWNEt R3F
Gel GYt Dt WYNnWAI Vel q6 AWHA2 q Wa 6 VA R Wit ¥ 113 1 1L th RIG 10 IRE &

Het OT WYUWGRHAI Ys¢2WDWGE! | Ya!+ Rt WeUOT Wt Yaz2vYa!t Rt W Yeq

N OO IIE FOD ROE H ¢ qRY U LW

¢t RIZIACqQRYUWI 13t A&l RN t HYo6cI ARy Ye U 2001 ¢t gRM (RBYOn LA LR UG e T

—_—

1 Unct IoWR 6 RIVIBITREHE QR BO DLWGS W ¢ gl Re o WRUWGS WWGE! 13t 1

—_—

RY+RT WALWE qllgdd G I cMped WHE | WYH 12asROJLLET M M WoMalD We UT LW ¢ |
GR+qel Wt Ws 6RAGWEC! Wedat YWARYUqc ROWGWq6 ¢ UNAWURG! YN
Gl YT ertqt Wac! WHWWHz | UqWct We Wne 130 W RII3#idG WY WHY U2

T Rt gl RAz qRY U WY ni@ic DiJamaH 18 ¥IC ] R 6 i issim E N WR W 6 Vs



Al YT 2 Haq 9YUGYt RqRYUWbI2 Y Qi
c!T1YnNWU PMION® LW MIOMZ
Ral YNIU S ION N LUy = IOM =

9¢l AHYUW~YUY *RI

9¢!l AHYUW? RY*# RT K
~Wqé¢c U
Eqé6c¢c Ul
Eqél01
90€9MnNe9P
7RI0ALN0W1
NYteldOuw

NP S W NON =

= OlOY ML = ION

MOT = L MION M
K MIOMN

MIOM N LLisy MIOM M
K MIOMN

MION T LU MIOMY
K MIOMN

¢lroft& amwN2aAio2y 2F YIFGSNRALFE & LINPRAdZOSR FNRBY GKS 3JF&aAU0UOlazy 2
¢CSYLISNF GdzZNB T ynnc/ T aYS T'cn YAydziSas &GSEYY t9¢ NIoa2lTHYM

] ¢t R3ACqRVNIMIGg&RSIm! W RAGGHEIWIAWe UT W21 ! WaVYal ¢ Uglla
Q6 WWERNEWUGGCIHI ¢aqal It Wett YARE qWT Ws RagéWNEt R3AE QRY

sct qlWl Ut Riva Ll &etyeld t LIRS Gof WE t 6 HOLW

NIOOKZ I0O= W9 YU2 WUqRYUcCOGWA! I Ya!t Rt W

OUGRE JWNEt R3BEqRYUAWG! | Yia! t+ Rt WRt WiHN300R Wb T Wa 6 11
MU2RI YOaWUqAlWg! GRECGG! We UT W1 We UWRUII qlI¢c ofF®Vt G6 131 L
A1 YO!t Rt WYNWGGEt qRET W6t WARWOW WEY! qlT WqV Wget U
MM 9 g Y WNOMM 9bAWI WGUWUT RUNWY UWq6é IWUe gqel JWYn Wad
OVYU2N0qRYUCGWG! | Ya!t Rt W Unldlt WaV WE§qYHYE@bWs 6 131 1

6WCcqRUNWGI YHIDE T 3t Awe U7 W6 WWIUWI Nt WRt W Rt + RGe qIT L

§UAHNVWRUWq6 IWI WeHqY! AlWgd Il DWRY W #YGUWq Y Wage U Wad U
Gl YT efqt WA wz2¢l ! RUNWags W WaqUWUqRYUWqRGJWEt Ws 1300 U
Hecl | RUT WYe qWe qlle WEYs Wl Wagldd G del DA WYY WE Weldlily G-
G!l Ya!t RtOW?22l RUNDW G Ys WG! | YO! {\NRM LA USaosal RIGIEIT T+ LdialY6H Ll

Gl YTl eHqWRY WHEC! Wet W YOGRT W It RT 2 1J 1A [Y R O/t R OO HIRt Ln ¢



[ ¢ qWG! | YA+ RY W Wnidl f WqYWG! YHIT 21 134 Ws 6131 JLWE Ws ¢t q
PMMMML 9 W¢ q Weé LW L [oy R mushim momidieiT o R R UWG! YT e HqWeHTPEb L
VRO We U7 W RWGT 1 WYNWOMLWSs q E WE ¢ 2 10 AT LS LG ! H GV ! LRV | LIS
q6RIT AWe Ul Wnet qUlt gqaAwWz2cecl ReUqWYnwHYU2WUqgqRYUcOWG! | Y

CW2 I3 1 W 6V qllgRG 1) ERE ST HgRENIEMAN KD&YVH WG] YT e Haq Ll

1500+
S @ Slow Pyrolysis (10°C/min)
Sq_: 1000- & Fast Pyrolysis (100°C/min)
E - Flash Pyrolysis (700°C/min)
©
)
o
g 500
()]
|_
O L] L] L] L] I
0 5 10 15
Time (min)

L
[ RNz |uKDEDT g & ¥ph 1Olq IBNME R0 0G| Y 3 G131 IOY n 1ot G Vs 10é | 13T HReERmc R (Bl G 2 1J /) HO¢
I 3t RT DUHWOqRG U

Al Yi!t Rt kWHYUq!I RA2 qRYUWqYWq6 DWHRI He G ¢l WIRYOYG! U
qYWq6 WGl YT e Hat OW~Uqé¢at WnYeUT WROWE YRGt WHe ULWAII LW+
2 0T 131 NY 13t BAcuel Opvor B RR#6LE 2 I WA IO W e HEIE + n epditit! R dQIBTYLE 13

Gl I Ya!t Rt wyrdmwt RqueSWUWSs ¢t qllto

i ROSGWAENWNIWIT + qYHE T W GUARIAHCOG! AWEC WHScGaUNPIWGI 1
nY!l G¢aqRY U WYRncUliFesl XU GRAFeNAMNa¥FHIG W ¢ UWA W RO RHz O qllqY WRHY
cTTRqRYUc¢ O W& &RTN WAGSY IVA @ @Ry W6 et WHIWUWE qaql RA2 q T LWaq
G111 YNUUWN! YO WqsWIWGEYG! G WHecHt AYUWWs 6 JUW+FGY+H T U
IJaet T WRUWe W2¢l RUIq! WYNWNEt 1JVYae A WIKEE 1Y H ¢ Bt d YUD ¢ += 1@ TG

Y1 W& @ buwioy e q g Y WG W2 30qa Yt WynlWadé 3t WWIawa v



q6WWG! | Ya!t Rt W WeHqY! AWt Waqé Rt Ws RAGWEI YGYqUIWG! T 1
Y211 WHG ¢ WFY GEqiyedd RqRY U WY nplE 8 it R LW VLG8 W WK A | ¥
RUHI ¢t T Wn!l Y& WOPIOMWSs qELWqY WY PP Ws qEALWe U7 Wqé 1LWn VI
EYORIT WRGGe!l RqRIJt Ws I WWRT WU0m B § U ILWESI) R G B-MdRlbp b RILIHIR 6

HUYRHWE BRT AWt q! 1 3UOXAWaGYUY2RU! Wl DG6q6¢ctcaqldwe Ul

02 dI&EDE b oWl WGY ! qIT We WGl Y HIJE &YIGUULIIMLING | RLED 1Y @Y1 ¢Yepr W 0 A
Hec¢ Gael DW2Re¢WHYU2WUqRYUCOGWG! I Yi!t Rt WYnWAENWRUWqE K
TMMITRIGEQWG I¢t UT WRUWq6 DWG! | Ya! + Rt W NDeHqUT Ws Ragé WGYa
Hel AYUcquUAWs 6RAESWs ¢t W6 WUWe AGWUWaYWneal g6l W W3¢ Haql
| G Wt UiWneal qé 3]l WNét WYet WG YT erHqt AlgdIgIaNBHSWER WHE ¢
Gl YT e#qOWNGS JWGRHAI YGYI Yet W ql eHgel JWYnWg6 W3 Uc¢ b LWF
JUO6c¢ UHNDT Wadé V42 Aad tILGY h Wag§ AT WGI YT 2 Hqt AW 2 JLWaq Y Wa ¢
me URqRY Uc¢ o HHdR UOLWRRITNARQILD LIGIEn 6 R HELYER & 052 UDRLECH | Y L cHLidial 1 YChRIFACEDN

sct Wt eHADEtnedd! WAYT RIVJI WagYscecl T+ WelWet Uneidlle GGO RF

9c¢qcil! qRAWG! | Ya!t Rt WYNWAENWRU Wa 6 1JWGIS UG ryid WY m L dL
¢ a LIP MIMIIRaATI T 8l 6 ¢ G YURq! RONVWLINA b lWs Raé We WOME W 134 13
| YeqUWqVYLWe WGHecanY!l GWREWVAGRACOW2¢c e ¢ AT IJWHY Waqé6 VWGE ¢
cYs W2l Als 6ROt qWa 6 W G WHEqR2 R q¢liRydnl LANGARD Uil ¥ B 01 GLIVEL R
sct WYAL I 2007 WeUOT W RORHA2 G qRIIY W 21 1 YeUT RUNWa6 LW DG
Gl YT efqt WetNA AWAVUAYURq! RGVDAWEHIqYURq!I RO WI 3G ¢ F

H! HGIJt OW

9OYGS! | YU!t R WYNWGR+WJI WGt qRAWs ¢t qdt AWEE Ws IJG 0 Wet+ W

et WANWUWYI+GHY!I Ul WagVYVYW? R RA2 G qRIJT WRUWY YI qRUNWGH



TRt #Hett U7 WRUW WHqRYULWNIOO=ZIONALWS ¢+ Wnea 3ad 3T We UWRUa

61Ul YNWUUYet Wset qdWt ql 3¢ Gt oW

[ ¢t qdUEYE!t Rt WYNWAENWs Ra6WGecatYs UReWs YYT Ws ¢t W qe
YA 31 207 WagVYWnyY! GOWNSIWIW INT BUWYnWHS6¢E! WnY!l ¢ qRY ULWF
q6 WG | YO!t Rt WnlWWITt+ qYHt IOWf qlls ¢t WSt Gling Y18 LRyt 613J LAGESNG
nl ¢HqRY U IisRICIRIAI WYst Rq 6 Wa 6 Y DWGI YT 2 Hat Wnl YO Wa6 DWGE
NI Weaqll WHEE! WnYl GeqRYOWet wWedayYONt RT 1 WHAANFERY ¢l | IR od Y T

G 13q6 &I oLW

EGYsWG! I Ya!+t Rt WYnWAENRNLWs ¢y als0Udl B (mre % 10TULLHHLD 100 <41 JoEY IR tRI 51
TROWI DUqUq! Gt WYNWARYGcH !t Wui6c ARG U qt 00 AWt 2 UJ
| RNDRIT ¢ b 192l Lia V6 LR MgVRE) & LR pLINIY n LWURMIWIY RGO+ Ws 131 WWYHagce RUI
ARYGcEHt WnWUT + qYHEECE Ws ! DWGE!H T Ya! + Qipieiiyluawe Oea! t 1
b GURql YO &b WHIEIT] ] Ye | RII Wl ¢ Ut n Y AsusRuienU Telslad | L 136
AW R+aqeal It W RAGS WR U IR IE O IRWITqID LR #h dLbER 20104 Y s LRAILLE dUTT TUR q
¢l YGcaqRAWGE! T1 YR¢I AYUL AWt WgYUWt we OT wedat ¢ Ut towNé6 U
560 0Wq6 13 WWARYE!ICH ¥ &t g IJWsIRige WWAE NAWe OT we 0wavué ¢ UHI
Tl R2¢ qR2IJt UR22¢1 RI2ABH IIVYFGFLAT 1121 1JT IOWR 6 Rt WH6E ¢ UNWWRU WG
mt 1 01 DR qRAWNIO UHH wlWAz qWUOY W WedWeqaqlld GqWRY WG ¢TI
CTTRQRYUCOWSRNEWI WaYdWAR2GCE!I Ws JRNEqUWeUch! + Rt WaldAE
961 YacqVYN| ¥FEGal~mut REqT Wx ¢+ 1 W?2 13t YI GqRYUof YURAC¢ q

HYUGGUUqUWGRHAgz |l DWYNWgSIWG! | YO!+ Rt WYRGWU¢Cqeal UWs ¢t

i 6¢aqllagd 3t 13WIIFECAqEHN t alRYFhALITBEA D ¢YTi!! df ARAF LLEYChTLLLAFREYN WT 139G Y Ut q

ciqéYeNO6W2¢ctUecHINWG! YT eHaqt Wac! WHUWYHqec RUWT Allqé6 13U

Gl YT eHqt WRt WERNGG! W2¢l ReAGWWe UT W WGI00 W o WY O we Wi



quAaGUl ¢cqel AW WecqRUNWI ¢ qUAWRURATGzt RYOWYnWET T RqRYU
GRHEgz | DWGct It W1 ¢sRONWe WNWUWI ¢dWwrYURG2t RYUWEHRY2 q
Yq6 Il WagéecUWaqY LWt ¢! WagdJWHY GG #R dIXGLURIR dJFURILRY o) LGS ILLE L
NPT+ qYAEt WHORUNWUAYUYGRACGO! WYHqe¢ RUcHGWAWe U7 We W

Gl YT e T WqYWNWUWI ¢qUlWt e d RERIUQqWRUHY G 1JHOLL

SUNWGETYI Wil ¢csAcCHt WYnWHRYU2V0qRYUCOWG! | Ya!t Rt W6Ys
YITW wgywdUt el JwWeURNYI GW6WEeqRUNWY N Wq6 IWnIRT + qYHTE

Gl YT erwlT AwWe Wl NI ¢T ¢ qRYUWE W6 YO RUPE WER ME WG | UY 2 1

MdPo dH Podo aAONRSI S t e&NRfeanra

~RHI Y5 ¢ 2 WtREURIIR UMWY I GWYnW ¢T REqRYUWNEMMIWWA a3 1
] cAAauwe UT Ws ¢ 2riMald G AqURIOWNMEIWII G DEql YaecNDUWDqRHELWLY GURq! -
| ¢T REQRYUAWAGRAI Ys¢20F WAYUE R qWY n Wa s REALIE S R & d WLdIH Y
GUI GUUT RAzGc¢c!l WaqYWYURWWeUYqd6l wWe UT WRULWGGE ¢t UIOW~RHAT Y
G!'I YO!+t Rt WARNRUNDWYULDWYNWGE! qRAz G WRUqI It qllgy Wa 6

BYG Gz URHe qRY Ut AWRUqUI UcqRYUGTWERI W6 B0 W WH e 130#HR

nYl WRUOT 2t gl Re G AW Y NIGHIG Rrnd il dI0THR#IE dlUdd HIILIDHIM L~ ¢ A |
GNcURUNWaOSEqUad IWaceqll REGWANRUNWG! YHIJE + JT Wheat qllG
q6 3t ywnl Yhe JURRWY oWf OwWe T T RqRYUAWRY Ut RT Wipe qRY U WG 2
GYT DW YerqY! WRhdl WS WE B RWUN6 Wa 6 Rib YR K WG 13 & WU il LL¢

RS WHYUqRU®Yeat Wt qRI | RUNIOLW

ol

g§UVWe UR2 DWGI YGUI q! WYNnWiRHAI Ys¢2WW ¢T ReqRYULWq6 ¢ ql
HYU2UDUqRYUCOWG! | YO! + Rt MRIOWA VY2 R 1JIG 1 1R WG 1113 oy R & Y0 it U R

ORHI Ys¢2UWEWecqRUNAWRt WHY!I UWs ROGGWHNDWGE ¢ qIT We q a6



nYl W6 WecaqWal ¢ Ut n1Jl Wa6 | Y @de W YR NellF2 R Y QUL | GLRH VLS A& FijaRR
Gl YGUI qRIt WYNWGGRHAI Ys¢2WWI ¢T Ré qR Y SHIHsqRUYVIOUALGLETTRA | Hi +
cl2¢0qenNPIWYnWqé W ¢ GRT W6 W¢eqRUNWE WWUWs RAG D8 RV Ys ¢
HclHalOcqll Wabeéqlld RAI Vs ¢RUSIRGYH d INGILWA IRY OLRY dnlILLH FP GAGEALLLE ! arf Lo

3o RERIWUH!I MUY n WY ¢ O3 E tOLW

CA JdzNI® S MI G dzNB LINRUE S 2F @2t dzYySGNARO KSlFeay3d 6fSDO 02Y
N6 Rt WHI Jeqlt WasWWGYqUWUqRedWaqYW 2R0dYGwWOY210a W IH!
qRGWH We UT WERNSWgeal UY2WI AlWs Ragdé We wWNl Ys ROUNWRUqII 3t q
GRaUIl ¢qel DOW 6 30Wqd JW 3¢l #6 Waldl 61 1WEY R A1 @yBIde X L
EHRIFAUWEMWI It 2 daqt WY WGt + WHE MEIM WG 1100 We ¥ QB JIILGE BHE R:

q6 Rt W2 ¢ e 1JWa NG XL oRsE N Lltog LIRFGTILING 2l i RBPMOHR Y Ut WRU W= M= = W

sU0VuWHGc GO NUNUIWARYURYI URUNWq6 DWARHI Ys¢2WG! | YO! t Rt
GYGO! G+ Wel uW2 13l ! W6 Rpptd W & 10 18 &KW ¢IILIkI3) D RIA & &) BIHY 16 RS Y +
I JNDRYUt WOWHEDE L ¢! WaqYWRUqUI ¢ Halls Ra 6 REARK HIRY GdJ2 1D Ulad Tl

CHRORQ! WYNWad WWGYG! G WAScRUL WY W Rt RGEHUWIUIII T

oy



(0]
o

(o))
o

Number of Publications
N N
o o

CAIdzNED NBBNiNK 2F f AGSNI GdzZNB Lldzof AAKSR 2y YAONRgI @S LIRNRfe&aia
f AGSNI GdzNB o

NYWY21Wl AYGWWagé Rt AWa ¢ U wWGYa! G+ wel ywrYaavyoa! Wi YG
HeGeHIUWY nW ql YONRG! Wwe At Y1 ARUNWARAI Ys¢2WI ¢T REqRY
I 3¢ #HGHIUKIG 6 Rt Ws ¢! AW e qWIUII N Wnl YaWaq6 W RHI Ys¢ 2l
GYO! all Waél YensWRYUqeHqWs RS We W et #IIGqY! WY WHE q¢

Rt WHYGGVYUG! WG R+WT WRUWGWHGSG e URHE 00! LHSHRIGUGLINGUBLIDIIEG ¢ a 1J

Eet HUGqVY!I t WeUT WHeqéca! + qtf WGTe! W RARGE! W Yat WRULWG
RUqUWI #6¢UNUcAG! toWf UWq6 Rt Ws VI ¢ AWt et HWGqVY! Ws RG G LW 1
RUT RI DHqWE e qRUNWA! W REI Vs ¢ 2 WHASRWAE of EEH 613 WE ¥ WK e
sROGW WniJl WaVWe W GUHRIE Ws RAG WG C! WeaaYs WROT RI UHa

P RIJGT We U7 Wt WG WHQR2Rq! WYnWa6 WG YT 2Haqt W6l Yea NG LWab



M®0o ®H Po Podm ! LILIX AOFa2yad 2F aAONRgl @S teNRfeara

210t GRaqU W6 WWaecHt WYnWeHa Ul ¢cURPVWROWgE WWE R ¢aqel U
sRTUW ¢0NUWYNW ROWI WU0qUWaeqll Rett WEe¢2P0WARNKNUOWIFGaHY
G!'I YO!t Rt WYnWqVYYVYqRAEditcdl¥HdaqeeingadEbidadz R URz G WHY O G
bIqYYq6Get qUlllge A Ws ¢t W e #ADE + ne 0 rIUVNIWDI € MDD RIGID
CHORIJ21JT WH! Wet UT WYNnWWGE! qRAz G ¢ qlWHel AYUWEt We WA RF
AYU02 101 qUT WaYwe w ¢ Unuwy niHdld R GAE ARS8 &R G T 1d dlia B 0IdLia R Ui

| G c¢RUNT WRUgeHqWe UT Ws et WGt RG! W WIHEHY2131 3T Wn!l Y lWgd

C?AEWS ¢t Wedt YWARXIOW NI ¢T T WagYWe UWYRGWA! [BWE 13WY n U
§ROW! RUIGT+ WYNnNWOTWs qEWe UT WYMIO=ZWs qEWs I DWGI YT 2 #IIT L
bet HUGqY!I + AWl DaYUt ql ¢cqRUNWa6¢ qWG! YT 2 HaqWOWEUHEGQR2 R

ORWDOGTt WYnW2c¢cdecHINWYRGWs I WWIU6¢ UHIT WAH! WRUKAI et R

] 9~ EWe OT Wwf AweUed! +t RY W Il GRUNDT Wad ¢ aqllgédt JWI Rue R
cat ¢cURAWedt OWWe U7 Wel YaecqRAWAYGGY2UTt Alls 6 RAG Ws 1J1
| ¢T RHC Gply T ? IBIJIG¢ HqRY Ut Wet W6 DWGY G! Gl RO ¢ ERY O BRYIE
T2l RUNLWG! NOSGIOHIRS ILKI¢ KROSAWI + We |l N2 T WagsecqlIG! | Ya! t Rt L
He q¢ TgRAUIIIU L WI 2 AAWI WGecqll RetdWqé DWaqRI It wWrEYUH Rt gy

AYUqcaRWUec Uqt 1O

Ya!'t ! 1 y0yweet weat YW UOT I NYUWWaRHAI Ysp2 WG YHRIJL
G!'I YO!t Rt Ws¢t WE! GYqd It RislBIRIa Yollmm Gx ¢3 §=RumeGs ¥ il Rig & 41
b1 0WI DR qRAWRUqUI ¢AqRYUY WA qs D0 Wq8 DWGEYG! + q! 1 30K
T2l RUDWG! I Ya!+t R IOWNGWIWs YI t WEGGUel UT WY WHIIW 2 #HIIY

b qRAET ! b WgYaqce daRUNWY MORIWE IV LR & 1 aU& 10 ¢ 1R BIWGWY n U



LW Y

, Vs
aRWRzﬁ R‘\)é.’ Rz_> /Rz
R R R
o oENU
\ﬁ‘/\ |
()~

[ RNDEAMB YGYt DT Ol ¢T RAcCOOINASCURY Goc ? AEO2 UT 131 NY I3t 1Ol 21 RUNIOG RHI

N

TaocYavia! qRHAI AR+ RYUIKOYnOqé JIOA¢ At AYUIOqVY G YT 2 #HIJIO2 RU! G to¢ U]
YaocVYavia! qrAWHSc RUKI #HREt RYUION YOG Ys JT 1OA! toR6 ¢ RUKAE HE ARq R U N KO
op? RIGGHT 11 10l WeHaqRYUIOAWqs W02 RU! GIOG! | Ya! t Rt 1OGI Y1 2 Hqt HOq Y tOn
cYsN20 Allqé W WeceqdYIl +t WNR2VWIRqqdG UMW Wg¢ RiWeHY2 qlls 8
q6URI W !t qUGAWHz qigd 3! W YW q¢ qlWaé ¢ qllagdé W6 RNE Wa k.
2¢l RYet W ¢T RACHUW GUHRIJtN WHE Gd RIOJD LN LHR UARY a RIGQILAN G MILLLAG! |
¢cUca! qRHC O Wa IpHBAURNZTIWLR g WRITIBUqR3 T We WUOE1 | Ys W Rt ql

RULWq@6 WY RT b LUEDRE@BR T WG| Y1 2 H

| o
HO
(o}
OH s on
:—: OH
1-Phenylethanol 1-(Methoxymethyl) benzene 2-Benzylphenol S-hydroxymethyl 2-phenylpropanthioate 2-Styrylphenol

CAJddzbds | NA 2dzda | NRBYlFaO LINRPRAzOGA LINPRIzZOSR o6& YAONRSI S LBNRE &

nm



Ot RUNDWGWaedt Wet WARAI Yse2WW 2t AIGqY! + WnY!l WGRHI Ys¢
Gl YT 2 ®#IT WG Y crRH R @ MRUIBOWENHIE Dt a We T T RgRYUWYnwe UWe d e
G!'I YO!t Rt W WerqVY! WIUECHGUT WneddWHYU201 + RYUWY N WGY
5 qBHDS UWG RAI Ys¢210t W DAWHQR2Rq! W6 Weqll W6 WWededRUF
GYiu!t q!' 1l DUUDWaqVYWERNEE WaqG Gl ¢ qel WWHE BHYUE @ He RY WA WR
TUqUl aRONT Waé¢aqllqdé IWd Rue RT W RIJOT LUE YA 1 R LK B oy Y 6 LI LUK
q6 Rt Wt qal ! Wsct Waqé U@ée BY RiLEd dc auv & 06l bl s H W= Ws qE &
cOT W Wt 2dqRUNDWaUAEGUI ¢aqal AW JWOYaqt q¢ qlT WRULWq 6 1

HYOGGe!l Rt YUt Ws RS WYq6 1l WGe HiRA¢qRY UL W Ry RHA2 G qtOW

N6WWt ¢ aWNI YeGWedt YWRYUT e /T WG! | Y&!t Rt WYnWGY ! t
ORAI Ysc2 JEMBUWMIE RUBKOMWMUOC AT T Waorlll & GMILE @ dlla ¥ 1LLLE YT UL ND N ¥4 N L
| Wt e qRUNWRUWE WG! | YO!t Rt WYRGWe UT WNet W RIGT + WY n Wy
bit YORT WHE! GRUOT U1 AWR6 RGH Awe U7 Wa 13t 6 b Ws 131 1JNe WR o MU LW Y
| Jt c0qRUNDWRUOWq6 W GYs 0t qW6 e qRUNWLIG! | YO!t Rt WYYt
Q6 Wa Yt quWUoRERVUqWSE e qRUNWBLIG! | Y& ! + RitLUg YnYet FUINIVEL SR

q Y W2 MiiceqtRY WY n Wa 6 13 WA 134 6IRHLN R YHUIRLD RroL aog iRt UNDI LA glLbid IR HU I S35 ¢ 2

(@}

1J¢ q oL

AYa! 2RU! GWHG T Y RT 1gdlbl AE09! bt LR + LlE FRYaUGALYAIRIY! aldH vt A We + Wa 6 1
AHRYG ¢t t We Haqt Wet We Wt aqtlyviOals RS RS @ HAE dH HYY Y Ko+ WG
g6 WUPNUT WaVYWRY YOCcqUWaq6 W 2t #IIGq Y| Whn e il U3 W6 1 1LY

AOUOU3qWe GGUE!l + WaqYWHND W6 e qWHAY!I I Y R2IJWE! T 1 YHRHSEGYI RF

G VY217 WicYillld 6YIJ gt WH! W ey Ol ¢! Wi 36! 171 ¢qRYULWI

ARY O &% t ow



§UNWNF¢ O GlupB IR Y il 16 RILEY n WA é 9 s Ra 6 WG RAI YEE 2 I¥itWLe¢ RY N
s5¢t WHE I RUT WYaqWeée qWPPMUN 9We qWRUGe qWIGY s 131+ WY n WY MN
RURQRCOWnIUUIT+ qYHt WRURI D¢t T A6 W Rt ql RAHz qRYU WY n
G!'I| YO!t Rt WYRGWY2WJI WHG6¢! A2 Ra® WA ¥ el MWL ¢HR U EE B GUE N
HeHt AYUWWs ¢t WHI ¢ HE WT WaY!I WWagéY!l Yensda! AwWG! 3230qRUN
C?AEWI+¢ A ELNY AW I WG Rhue RT WGT YT 2 Hat W 13213¢ 01T We WH Y

¢cUT Wel YGcqRHWGI YT 2 Hqt OW

9YG! | YU!t Rt WYnNWAé9OWsRq6Wt YG8Y! ¢Ws YYIT WelEl bW6Et WHI
HS6 O YHROGUUq WY n Wa 6 1 IATEDIH OYa0t! R Y0 ILNGHdHSET ik aq 1 (o WY n WHS O Y |
HYUq¢c RURUNIRE S WY RO ¢c FqRYUWWqYWKNEWN Y| WG! I YO! t F
[ 2l q6 131 GYI 134 UEiRBgSOUIR (Erg RYeH URBNIUWLE Y ORI Uql ¢ gRY U WY n WH
TUHI et U7 Wnl Yo WP ®IOMT E WacYUUERRHPNAOE IDWLs (6 d 1060 §'13 10d dilky Y 100H |
YGqRGaGWnY!I W WIeARUNWcOTWRUOWNEY WYet Y Ora ceRAR (AN R

BYSGY2 Ul + WRUOWYRGWe U7 W@aeRIRDIOWHEG & VOB U1WWR U Wa 6 13 WG

M®0o ®H Po Podm / dZNNBYy G [AYAGlIea2yada (G2 aAONRgl @S t &NP

i 6ROt qlgé dWet YWY nWe Wt 2t #AUGqY! WY WHeqcd! + qWRUWARF
QYW WWY2Wl ¢ddWIgRARVUA! We UT Wt DG NUHqR2Rq! WY Waé U

FwaeU! W et HIGq Y + Wel IWE R+ 1319010 #6 ¢UG R #0 LY h oy U020 RUdp & 1dj d
TRt ql RAHz qUT W6l YaNS6YeqlagdJWacaqldl ReOOWNGRY W It 20q
| 3t 20 qWRUWRUAYOGGINqUWG! | YO!+ R WYl AWaY!I DwrYURD!I UR

5 6 RAG WHc UWI ¢ G ¢ NIJ UL W EHDERYDI FRLLVNI KANH ¢ 2



/\/.\
e ,0°%

CAIdzNB OKEW I o O aK2pOl aAy3a AaadsSa sAGK YAONRGI @S adzaOSLI
GKS LXlFaa0O 6tSD0 YR AG YlI& 06S OKIfttSyaay3a (2 AaaKID®

UYq6 Wl WHscaanUNUWYnWEaaWG! I Ya! + Rt WaqWHE URKe IJt WRH
AENWRUWGE! qRHz ¢l AWRqUWRY WHYGGYUWqYLW DHEY21I1 WG ¢ qld
HIJRUNDWG It + WHYGGYUKWNS Rt WU IXHURM o IJRGILEIGHYX bild ¢ RO Use Ll ¢l (R alURRYal.
HECOUUWUNRUNWaYWRY YOcaqUWt YART W 2t HUGqY! + Wnl YaWaé6 K
gt oW 21 q6 1 GYIlI AW UWne Haladé e qlgé IWNG! #Y I RALWGY
HYU2 U1 qUT WR Q@Y IR AN R U B RapdI | Wagéc OWIqé! a0l WNaG! &

| JEGYT! a1l Rt ¢ qRYU WY n Wa GEIWGCY aY!T teRtqOULA ¢ Ht Wa VY WAE N WG Y

~Y1I WY Uql YOGGUT WHRSWDAGRACOWT INI ¢T ¢qRYUL WE¢213WNe RUL
HcUWAHWWHE!I | RUT WYe qWRUWe Wt RUNGWWERe RT WGE¢t Wwe OT U

Gl YRIJEE It Wel JWRYGOGUDARQR21I0G! W Indl | U7 WgYWEt W Yaz2Yi

NIOKZ IOOIONWE YG 2 Ya ! + Rt WL

EYG2Ya!+t Rt WRU2Y 021t W6 W WINI ¢T ¢qRYULWY n e Waeqll Ré
Gl 3t WUHWWYnWe WHeqca! t qugYWe RT W WeHgRYUWqRG 1IA LW I
Gl VierqOWNG W Ya2u0qWt 31 213t WE W etedil00GE R @Y W I Ll d 1DLL

AHIJRUNDWI KNI ¢T BT Wet Ws JadWet WGGe! RUNW@6 W YO JWYnWwe u

f qUWRY WORHDE ¢! WnY!l Wb WDWGYdH! GUI WagYWwWRrYUqéec RUWE WG ¢ F
TN ¢T Ul WA! we wieHOWBYYS d R IE N T RRAMOUEN FaNLIG ¢ U! W+ ¢ 0 G 14

nYe Ul Wn Y| AGGIY! 01 FER{ILRBIYIAH LH T @ 6 61 M O WHYWOHE YU aqpddip g ! GR



GYt+t 13t we Ulye R &@HERE DGR o WRE WE It + WHYGSYOWqY W 3L

GYda! Yawz Ut toww

~ <
R, ™
A YO

o
H
/\/\/\/N
N
N
o

[ RNz vmeaTHhoTe URY GHOYntoUe RO WY G6 RO RHAIKOE qa¢ At tOYUtoc toRe | AYU! G 10q 6 ¢ q toh
HRT OY1 IOAC¢t WIOHCE q¢ O '/WORIJIOR B 0SB E OWp IOAWHEGRY 01 OON 10q 6 JIOA¢ #t AY U 1J
GicHIUIWRUWARY GG #RElGHOC! | KIEKRGCRRXIGEIFRINBIaEM GHoRIU ORI G 2 D108 | RN&6 qh g

Nu

EYO2Ya!+t Rt WqUUT t Waq VY WH LY YIG LD LUE H 1 #0RARE LT YLks Rl 6 LLHNG YL
ns W ql ¢qUNRIY WaécecqnéddWRUqY Waé WG YT WH2GUW WHE! F
qé et WWYnWe GRUOWVY WaVYWHS WG RAIENDIWE Yile Hiwcle R0 VUGS o B
GUH6¢ URY O WRY WG Wt WUqUT Wet Wewraet +t REWU2 AGINYG6 RURF
GRUt ¢ NWWRUWq6 WWHEet JWYnWAERNAWe UT Waé DWW+ ¢ Hallt ql 2 Ha

2¢1 10 RUNDWQ6 1IWI# ¢ Hxy BRI I We + 1JT Wol[ RO LN HON



P
/ 2n HN \N
0 H

n l¢)

/\/OH
2n HO

CAIdBBSYEMA O NBLINBaSyille2y 2F t9¢ FYAy2feara (2 3IABS (K

EdetdcWecUTl Weel ¢T W eAADIPhEITHWIEHD! db JUWABSK G Y WE R
Dag6cUYu¢GRUOVDWRUWY WS + We UT 131 W Wy e+AWHcqgea! + 37 WAH! U
GYqctt Red\MN@ RIGEHRBOWWLG!I DGel ¢qRYUWNI YO WAERN@Et Waq b
cOUT W t DABPDBEIY S 13! WRT JUqR3 T Wad ¢ qlupdceE N YIWHN2YA TULLII |

GYiu!el BgéecUWt ! Uqd 13t Rt tOL

naqlll Wt e AHJLt ne G WAENWT JGYdOd! Gl Rt ¢ecqRYUAW7 cEN W6 ¢t

BRI+ WqYWNWUWI ¢ qUWGH ¢t qRERE I+ Wn VI LEVIGE 12CR0E! (iVLRHSL

O

¢ HRMEIWT WHe q!"WTRHALWE HRIT OW

~RHI YBERRt qUT WecGRUYG! + Rt W6 ¢t WNe RUVT WGYGe el Ra! WR
CHRORGQ! WYNWadRHI Ysc2WW ¢T ReqRYULW 2 GGl 13t + 13+ WI ¢ AHqR
7cEN W6¢t WAWKUOWG! YT eH#WT WRUOW! RO 6 YNNG W G & H dIR S O gl

56 NU0WARAI Y5 ¢ 2 10WE INGEGND WRY WIJG GG Y! 1JT oW

ANDGH ¢ ARUN W q6 @UiYRAS RAEUisYRIGUISGH@ED I 2 # Y IWIERY G! 0b W
qlJl UG6 q@kc7icANRTbIAWs 6 RAG WG ¢! We UT JI DY LWe WH! #HG Rt ¢ qRY U
Gl YT e RUWARIVYECANCWURY s @l RAS W3 0T Wet 13t Wet WHE ¢ RUWII* ql

GYd! G131 WNYMESIIt Rt HOLL



GROYG! t RY Wé¢t WARROW 6YsOWet WeW2REATGUWI Ye qla Y Wa
AENIOWce Ys W21 A6 et Wy nwe Owe a ROVWet W6 IWle HO WY G
GYUYGUI t WagdcaqWaYeal WHKDWet UT WaVY WGUY Ha RN MO W dIA B N QI

Q6 WA YO WHa UMW UH! RaRUNDWHe qINYI ! WeavYUnNt RT Wwwa ¢ U! LWC

~¢cU!l WYq@q6 1l W Ya2Yad!t Rt W Yeqlt WnYd MABNWY&E! §0RGNLWEG

ct W6 WNRUPI ¢ quWaYOYaWl + WRUWGSRNGW! RIGT + We UT W6 ¢ 2

TadaY s XKooYdAIIH! #Ha RUNDIO

gu YtauYYGuwl wHE! #Ad RUNWGI YRVt Ut WWOOHRLURUARGEH iy f RBRGE
CGGURHAC q Y OVt of IRUUDNKWf OWyY 1 T U1 WagYWl YWagé Rt AWRaq WRY W
G6!t RYRGWAGRHCOWG! YGUI qRIJY Wi 21 RUN Wad WUIR HItH6 6113 R O N WG
AYUql YOO UT WHEWARHCOGW WINI ¢T ¢qRYUWY nWaé WWGYI! 411 Wa
YGRNDYGWI + OWNG It WWGI YT erqt WHec UWq6 JUWAKDWI WEYG! Gl R
Gl YGUI qRIt WY Wag6 W2 RI NRU LK G 6 DIWR O il & L& 6 ¢l & # ¢UIR Ui la WD 1 4

Gl GedWl WNl ¢l ¢cqrRYUAW 610¢1 RUNb We !l WWe 2 YRT 3T tow

pral

6 WWGY Ge i ¢ IIRYY GUNnYEHeiIdH WA Y1 WAERNWI WHE! #Hi RUNDWRE W 13j 1

O

2¢ROCHTIJWYNNG 6 1JW 2 AT JH q oL

N OO to® 100 BDN U WA E KLYOYGGYHAJTY T 2 Haq 't

~2HEWIRt W6 WWec a RUYG! + RY WGI YaqY#HYOL WRUW6 WWGI J2RY

—

Yaz2vYa!t Rt WGI YT erqt WRcUWHWD Wz UJT WAH! W JaDAqRY ULWY™N

D6 ¢ UVYaAWeUT Ws ¢ qldl WG YT aEMIWHEINDI GRABIGIN LkIFA I L HoHLLRHT KOLLLNF

Co



Ja!HYG!t R WYNWAENWG!I Y2RT 13t We @RI Q#d RE Y02 dlbiid o ¥ Wiz &Y E
UYWEl BeqaWUqt OW~Uqé6cUYO! t REW RUIGTH W RAGWaE! G Waldl L
s6RASWHE UWANWHY U211 qUT WRUqY W7 ¢ RN FOWId¢ I R &G Gd RIEIY e
sRq6Ws ¢aqlll Ws RAGaW NI ¢T JWAENWRUqVY WUl DG6q6¢ i RALWCEF
HYU2 01 qUT WRUqYW7 cENWEGHUIRgqWs RS Wt GRNEqT! Wl t 613
cU0cayYneat AW 20 WaYWa6 JWE RNE WO AL WG S EE6 e BB LB LWIE BRI

na! H¥a oW

§ B OH
o Dimethyl Terephthalte HO/\/

Ethylene Glycol

O/\/OH
I-IO/\/O

o Bis(2-Hydroxyethyl) terephthalate
(BHET)

Poly(ethylene terephthalate)
(PET)

OH

/\/OH
O  Terephthalic Acid HO

Ethylene Glycol
[ RNz 1 MDEBAIT 13t tOY ntoRY G 8 YUOIAERNION NI ¢T ¢ qRYUKGEqés ¢!t toqYtoa YUY G I
Dagé! aRu0uonNag! YO qYGhetolqdé! GRIUONG! AYGIOqYO7 cENKOE GRT T G 1HOe U]

NIOOW=ZIOMN= W9 ¢ qc¢t! qRAWE! t qJat

i 6ROt qWad IWHES Y RA WY mW(VaGHLI WS R RIDUDALY 1! L éoLLiAh W nI0TA E N |
Dagé! GuUPNWNG! AYT AW NqécUY T AWIqdec UYOaWY! Wséeaqldl awe 0OU

b qe T RUJT KO



§l RDRUcOW '+ qGt WRUWq6 1JWIEFRHID T¢ @lEA 1DALRIG 1B H R TILHER ¢ ¢
cl DWe AT VWY We HANDGqWUaWAEg! YU Wnl YawWwWeOWwWY+! nu0we qVYad
HClI AYU! GWqYscl T4t Weaqace H#ysMNDWIWLGE WO HYWMGRRG IJWHP R B K

caqWe W ¢UNPWY N WEDEN ¢ qal 13t We Né HION O

& "\
OH
e
/ Ry )J\ R»
R1 X X/

R1

U

Li

,.6 Li

® ra
‘O )
—
)‘\ : )\ / -
Ry X &

R4

[ RNz IVearsere URE G 1OV n 10 107 |V Gt il T HDE & ROR D@t 0B ¥ UB Y AU DION| Ve GO q Y Gh 4
x Js Rt 1Oc ART 1 102 UT W1 NYOc Ot RARGE! IORUqUI ¢ HqRYUe ODFHIIGqIOq 6 13! HOC HA |
Gl YqYUeAYqaqYanpgto

t WROWE GRUY O RIRICAIRCREITYIS A2 1 1Jat W6 ¢20Wedt YWAIDIIUWII:
terRADE Y ne 00! WNG! #YO!H UT Ws RagéWe W ¢cUNPWYNWNG! #YG! g
GYOU! Wqdé! 12T IH RIYUWNALTE Rq 6 LWUN MM BRUHN0@ 10 1t IRN NLHRIR:
fOWG Yt quwaet It AWARURWE HUqc qUWRY W6 WG Yt qUWGYGe tc¢l U

HeOiHR2 QWY+ RT DMWY W YT Re 0 WG WWEWHRT JWre UWe ot YWHIIWIIA



N¢ ATAYIEK® ¢ G GG 13t IOY NG D gec Gore qed! + 3T FOAEN IOl 1IN 1 afil YeYo@ROA K | eYrpt FY G t e

2 HINYG 9¢qc ! Al YT a®#H oRWC NWGGUI ¢ NRGID Ald
2RGWq6 =NE
Gea0RUFR NUI UG6E q SMMUN ¢ NZMWG | N=wM

~Jgq6¢UY NI RRt YGI
Eqé6! 01 XOE

]aletye
~Jq6c¢ U x ¢ T W 2RGNq6 NMMLU N=ZMUW ¢ 3PP MLWG NEN
HOgqcaqld NI UGE q
HIJgc q
Eqé6! 41 NMME
]aletye
Eqé! WU 9YHcOqLW 7cEN NMME NOMUW ¢ SMWGEGR N==
2RUq6!' 0 NRagc¢URe bt Yl q ) = M®IMN MU 0 NZ0
]at #YQ 72qY#$R’ AYO! Y¢C
?RGI YG!
]a! #YQ

URURWE AR ge qUWHReaqed! + IT W ! quat Wee2WWARK0OWe qRERE L
Ay 2 #+ RUD WHALE RIEWID IWTAIxq Y H#t WRUOWG Dgqé6c UYaWY! WIqée UYaLWw!
GcHRqeqUWYNWg6 DWAx Als 6 RGt qWAEN WsId @ dlecUa Tl qudd 11IY SHOLLENGS
Hl 2T JWAx Wl WGEYa! Wl Rt ¢ qRYUWGI YT eHat W6l YeNSW3Gql

6RNG I Waa Gl ¢gel WWs RqAWARUHIWE HWge qlWa VW RIJGT W7 c

ENGUHEqR2 IJW YN ¢ PACERRIRD LGHYLLG FRAIDTIIWAR WT WGYdT! a1l Rt ¢ ql
Rt Wt UYs UWqYWHWIWGY!I DWneHRIOWDWade U6 IRI Wel YO ¢ qRAELWE
GRUT I ¢cUHDW DUWUWRUWE 0 RG6 ¢ q RAIMWEIC Y GG dpR 5 WLT R UDImUsg) ¥ dLd 16 I
YnWAERNWE !+ qUGt W GUHRIHcOGO! W6 IWNI e aqldl WwWe He UT ¢ UHL

DOCHGUY Welwyet RUI WRURqREGRYUWY N W6 W WGYaI! G Rt ¢

§1 NcUYMBMc 2 WWAHWWUWRT WUqR3 T Wet Wedqll Uc qRAGULHE ¢ b !t
Ef¢0GUUt WRUAG2T DWW 6 13WNez ¢ U Ryl ARE IALH GAGRTHLL @RERIT soFOGGRLEDRGH LI
¢ U7 WINFEYAC HRA! H 1N B IO0KDWE 0 WD & 1J Wa YIRUe suinel =urricR (R WU ¢ q
¢ HIq VY O Rar RdWEMN OO WR U We H ARG YRIG! XU [ LR DHGNIQNH 1J A Wa 6 1

YI RDRUcCGGO! Wet Dipgy URG G RIGY & 1J0G 16 RiUE @ RV ONESTANE b WY n WA



q6 1t JWHEqed! + qf W6¢c20Weat YWAWPIOW e #HHWEt nedd! W WG

b 2 H6 Wet WESE GNaIt LGy o 'R 8" TNCE ¢ q 1Jt 1oL

SONGe

TBD DBU

[ RNDe | uBQTIgeTRig@ | 13t toYntoYl Nne¢ UYHAet 13t toN7 210¢ UT 10?27 Op

Ns YWWGeq6s ¢!t WAH! Ws 6 RAGWYI NcUYHACH Wt WHeEqéea! + WWAY q6 U

Gl YGYt T WRUWqS6BMUE R IJl ¢ el IJWb[ RNIOLWN O

NIO e Hi IJY G6 R RAGLS-IJIENG| ¢GRI YOALE + W WT WG YqYUc¢ qdt Waé 13WwU
BOWq6cUYTAWIq6! aRUNWNG! HY G W qHIObL Ws 6 REHG WRE Wal

FageqWe OT wWNYWt wyOWaqYWe aqace At Wags WWEYG! G111 We q WR

ZKe! T1Yynulwz YUT Rib e DRAEgIRDLEIHqR2 1JG! W WGl YqYUc¢
UsHIWYGERIWAWqS WYl Re¢UYAHeH IJWS! T1 YRWUWAYUOT + Wa?
HI RUNDY Wagd6 Do WRUqqYWHGYY DWGI Y¥FRAOGRq! onc¢c2Yel ¢ AT IJWY

D+ ¢ O0GHUWRKHRNAIAUG GWRaWHRYUgqc RUY WAYq6Ws! T 1 YNIIULWF

9YUiGeqecqRYUciaWt qal RIJF WEc2W0WAHIPNUOWHYUT e/qlT WaqY W WUa
TYGRUGCqUWY2UIl WadWWYaqédl WnY!l WAsSAKWOUG It Wad Il UWRY

61 T1 YNUWOWAYUT RUNWAaWHGE URt G W6 et WANKNDWALS Re & do R Ld



#YUHGet RYOWAWRONDWne | 601 W32 RT WOHWIT WA Wdté RLIDILAS o
clWnécHqY! WYNWOMWs 6 J0WE Wq6! GWN7?2WRE Wet W7 WRU W6 WWC T

T YUYl ocHRBUGqYYW™ he URqRYUCGRq! 1O

c Vs 132 101hcceitbMadi ¢ qRY Ut WnVYa Ul Waé ¢ qlis 6131 DWaé W WGY i
COHRYSYURHWU2 HONYGSEROWWs ¢t WHRYUHRD!I OUT aWwe Wa Yl 3waow
YA 31 207 Ws 6131 WWN72W WGl YaYUcecqUl WagdWWeadR/YES YD WaV Wn

BIUGRE gl ! WG YHIWT + WA weales HaWYG6 RIRHWE WHG ¢ URY (1O

Aunel Tawtt WYnNWq6 W WAcqUt Wt el 1 YeUOl RUNDWa6 IWEIIHE ¢ C
Heqeda!t DWqé Wl Nl ¢T ¢qRYUWYNWGEYG! G+ Wéet WAWWIOW K
Al DARY DWW+ ¢ G GO0t WYNWAERWI NI ¢T ¢qRYUWS RopB Wa 6 134 1JLWIF
bit A8 Bls RGO WAWWG!I 3t WO0qUT WRUW9E6¢Gaqlll WPWH2 qWn Yl WUVYs U

I Rt et t RYUOW

i (L)

E H
' L oL
O“CHS CHs
_ O‘) - :6 ‘)
T— L~
O/\// o/\/
o e
A -1
_ (@] i — O —JIn

CAJdeN®& NRAI2Z ASR ydzOf S2 LK1 A0t BECRI y REY RB2II & YB NI &
02YRAY3 YSOKIYyAaY ONARIKIGOLD ¢KS (S Al



N OO O= IOMIOOWE e G HI RqRHACGW?2 INI ¢T ¢ qRY U LW

>

ENW UINI ¢cT ¢cqRYUWG6 et WHWYWUWS IGO0 W Yigte a0 110 WRU W 2 G

1Ja 6 @l V- AN DWRUq U UL DWHEYUT RqRY U W Whue RI T WaqVY We #=

Co

q6 13t WWt Ya2W0qt Awe aYUnt RT UlWaé WWE RNS WT Roet R2Raq! We L

-

2GUI Hl RORHECO W] 2 Rk FIIEI V2 KD Wé WIKIEEO @& a0 + R O WR ORI 1]

qRG 1IJt L@ FOMTFNOMN 1O

N¢ A OTRig REC G HOqLa Gl ¢qeal It toc UT tOGI It + 2| Wt tOonYI oY GG YUIOL 2 GUI HI
| WeHO60q6 NI RagRHC GIOGYRUqgqOYntoRe !l AYULIOI RY+ RT IJIORY tOn¢ | tOG Y5 131 HOq 6 «

Ez2aGUI HI RqF 91 RqRHc¢OGWN 91 RapRfAddl Awunul U

bI” 9 b blHE | b
9¢l AYUW?R ON ION T OOY NA=
1 Ccalll OT = 0o = = NIOM Nmo
~Waq6¢ 0V Z0Y 0® Y MIO® Nmn

oc¢ Wmoe) & WUt ql ¢ qUT W6 ¢ qWAENWHEY 2 Gl WAKWT 3N ¢T T Wa Y Wi
NO! AYGWRUOWEY Wi RgadWet W=MWGRUe qt Ws 6 1J0We UWY aNLWs I
AENLWE G WE B MLWNNEMUAGoqIliesm 1)1 6 RUDT Wadé ¢ qlgé Wi IH6 ¢ URE O LW
b H~DIBE YHRIJIT JT WH! We Wal ¢ Ut 3t qll R3ACqRYUWAWHEEC URY G U
HerHt AYUUDWqYWG! YT e RUWYGRNDYG W RAW GUARIE We UT wa YUY
GNqéY+! DgéecUYaaAWe!l Y IWssaL0wW 3rYOT ¢! W JeuHqRY Ut WY

t 2 GUI Al RUMHC G W] 2 RT HOLW

c! T1 Yu!t RiASE LWACEIN WReUolo Wa Y Wa 1 WG6 qé ¢ 0 RAWE HRT WR U LWI
HNMMUWE W RIJGT AW WdE LG MRIGIAE WS alfe MMUWasé! a0 WNG! #Y
FUEYOT ¢t Wi Nl ¢l ¢qRYU W N@E @R Y G i BENG HDGI6 B 1D Wi ¥ (T R & B
6! au0uwna! A#YdGWnl Y& W 2 GUI #l RagRHEC I WIAILGY 03'2 HIRiq IR

Rat WHYU2 11+t RYOWROqVYWe #HWgeal W6! T oW



fOWeOaWYnlWgsIWe AY2IWHEE Wt AWqUaGUIl ¢qel WWs ¢t W 330U

—_—

NI eT ¢cqRYUWYnWAENAWA: qWRUHI We¢t RUDWGH 3t + 21 W 3t 2

teGUI HI RqRECOW q¢cqUWéeT WAWWUWE #6RII2IT O

NtOOOZ tontonwo el | WUqLR V¥ €Hée Bt 6 M RAIWo a Yt 137

WGH WY @ WYBWHRIDE6 WIt+ WEc20WHILIOW D200 YGUT WnYl WAE

COOWYNWaSWWaYOUYa W+ WYnWRUQUI Wt qlisi] RGW@6! o Wgll WGE

(4]

Raqé Wl W3¢t YOecHOGNWI WerHqRYUWgRG It tOW

6ROt qWAENLWRY Wq! GRHcGG! WUOYqUWt Yie HIVWWRUWg6 IWY! Ne C

—;

GYOVGUIt Wel DoWNS R WORHEt Rage qt We Owel T RqRYUG & WGe
ARBROWRY G GO WqUT WROWYI T 131 WqV WRE Y dogeg 1IOUENI LEERYHCE YOG | 5 LI
CHO6RIN21IT WA! W WHe UqRUNWEWIE! NIIWIEHIIE WY nWs ¢ qldl WRC

Gl WVHRGRC qUWas WG YUYa Wl t Ws 6 RAGWAC! WasWUWHRYGTIWIHGL

oYaavYUWGI YHIT 21 Ut Ws RGG We qRORY Uile Gllg Y WUNMMWG x WY n Ws
Gl YT ermUT Wn! YaWdwtt WgseUWNWNWY N WAENAWgS 13t WW Yiazud
I gt JOWNS Wl Whe RI BGUWUqWnYI W e HEHGRY O LIMIEA Maé D11 WE ¥ L
G¢ Ut Waé ¢ qlid ¢ Ugiyyndlld 61337 AWM Wi D g 6 YT + WHY U] RAqWs R

96IGRI ql ! WYeqdRUWTI WRUW UHqRYULWNIONLW GUHRIHCGO! a

9 Itis better to prevent waste than to treat or clean up waste after it has been created.
T Ot JWYnWee#+RAORE I IYITHIZdIRgd QUK IGLE Y 18 KROFWIE DI Uqt AW
c0U0WARPE L ¢! Ws 6131 W21 WGYHE RAGWO
NSt JWEScaauuUNnt Wt a1 1 Ye UT RUDN WS YIHEIRIF 1Y ¢ = (RAY WIDLLY in 100k 6

GCe2UWHEI WeaqldT W #AYGUWqYWIFGaY!I yuw Ya21U0qt Ws 6 RAG WG ¢!



NIONWEz2 GUI #I RagRA¢c O W9 ¢l HYUW? RY#RIT I LW

i 6U0WE WHYGGY2 U7 WRt W+ GYH T WaqYWaYUOUT RqRY Ut We AY 2 1JWR
q6 WGl YGIUI qRIt WYnWe WwWnNet we U7 We Wi Rhue RT 1OWR 6 13W6 RN G WI
Gl YGWI qRIJt WY Wag6 Wt e Gl HI RYUKHE 0 RRT MUz 6 R R 4§ WK i d

b Y O NG 1 ENot

fOWAYUql ¢t qWaYWYq6 Il WEYGGYUW 2 Gl H#I RalJektical Wnide RT
point is achieved atvery mildd Y UT RqRY Ut Wi ONIONLW, 9 AWT OKYHE ! b oW T 1
include its non-toxicity, non-flammability, tuneable density and the simple isolation of products

which may be achieved by reducing the pressure and converting Glack to a gas.*°In this

way, the energydemanding solvent removal step seen for many chemical processes can be

avoided.

With the exception of fluorinated and siloxanebased polymers, scCQis a poor solvent for

polymers as it is a small norpolar molecule. However, infrared studies on the supercritical

fluid have demonstrated that CQis capable of undergoing Lewis acitLewis base interactions

with the oxygen of carbonyl groups'® The ability of scCQto undergo limited molecular

interactions with polymers, and the enhanced pressure of the supercritical state, enables the

swelling of polymers inan scCQ8 IJ1 Re G IOWNGS Rt We HROGRq! WY WG G 1J¢ ald LW
morphology, and increase the free volume between the individual chains, has created a raft of

opportunities to modify polymer properties at mild temperaturest avoiding any unintended

damagetotheGY G ! G 11 kKt WA YGIFPHSEGc!| W ql 2Aqel UK

N6 IJWe UR e 1J WéeadRWRsald AUOYLIHGLF RO + We qWa ROT Waqlld G ¢ qel
Ynlt gel RIJYt WERGRUNWYWIRE I WRE G IING¥® VWS R (IIDE gl ¢ F

5sR6 W6 WWIFHJGGN0qWacet t=Algd s Dt GROUGWEHh MGYI R WUV E {

pp



TRoet RYG@EnWE BO®®2 qlic WIGYT! Gl kt WRUqWI UcdWaVYl G6YaY

VI Wl#ql ¢cHqRYUWY=rblie UWeT T RqR2 1JWsi[ RN ION HOLW

~N )
—>

N N

SN n e
AN scco; W e W LN
A T el
\/\./\/\

[ RNDaY IXK@Tdne t al ¢ q RY UOY n lOg® dIHAHOE WHE R INGODIo e oV dr@ Ba h e O U ¢ AG RUN KOG
Yl G6YuvYN! OYntogqé IJOGY I! a3l gto

NIOmMeNs Il HI RqRHAc O Wf Ul e /DT WAGEt qRARY ¢ qRY

N6 WWe ARG Ryol! LGN Lt IFE0@I WR Uq Y WGEY S ! Gl + AWRUHI Wet RUNDWq
RUT e HIJt WGGct qRARE ¢ qRYUOWNG WWRUHAI W3¢t T Wnl IWIW2VYided
TN PWt Wynwavy2WlaW0qWe qe WaYs Il WqWa Gl ¢cqel WWHY G Ge

R UOWAYWql ¢At JT WA! Wl ¢ #t RUN WG W Wha & 00K M2 R E ¢ I ] g

§q6 1 WaqWH6 URNe I3t LWeald 03 t LbgRyHLR YeOagR YoULA o8l Wa 6 WWHY 1 | 13t

RUAGe2 TNIEIWeEAWT R ALK YRILILIAFAGP! bR'FIEIOD G LI B¢l Bt H#Y G! LW

Wnel a6 131 WHIIUIJI 3t dpdU2 e RE ®IF IRMWMAdL RO EWG 1JT Re 0 WRY Wa6 ¢
HOWAOGRHCOGWRUNI qUUt + Wa e Ut WaéeqagddWyY211 ¢ddWRUqUINI
¢UT W?E9Q Wt qel RBRUEGUDME qRMAHSs 11 WWags W6 131 ¢t WGl Y
| JqctEN B R WRt WRUWET T RGRYUWqY W6 W RGGHIJWI 3GY2¢dWy

cnalll s¢cl T+ AWA! W UT e ®#RUNWaE DWG!H 3t + 2l JwWeUOT wHYU21I1 a

pc



qé Wt Yi21I0qRIl GG 0 R WRRoaY | q¢c UqueY Ut RT U1 ¢qRYUWN Y I

2t DT WnY! WnVYVYT WGe HE ¢ DRUINUUY | WG JT RAC G WIue RGG 1JU q oL

sURNWS W Wt RI T WG YRt W6ct WARWUWHEYSGINgUT AWt RE
Geqll RedlWs 6RAGWI YIIt WOYquUWl Whe RI IWE U@ fe Wigls B2 IWSHT 1 ¢
bgel RIJF WYNWGYa! all w ! Uqé Wt Rt WRUWq6 W 2 Glpl HI RagRHE

ROqUUt R21IWT 1! RUNDLWE V%GR VYW BaY20Waé Wt Yaz2aoqtouw

NG IWwWt Ra Ga1J Wl Kall YWaicUle LIyt nellft+ #01 §¢ q I Wa Y WNR2 3 We Wi | ! WGl YT
YnW-9BGaWECYH! Gt WeqWiRAT Waqlad Gl ¢qgel It AWRE WY n WG

Ct WGYHY RAGUWI YeqWWaqYWY2W1 #YGUWHe!I I RII T WHz1 1 J0qa!
NIOPW RGOt We Ul WEHTWHQRZ2 134

f qUWRY Waceael cAONWq6cqlt YWwWacU! W Yeqt wWezl | WOqd! WI+R
YeqWYnWgséWWU¢caqel ¢caWIU2RI YUGUUqOWe Ys 32101 AWRaqWRY WH
Y210 AN GIARC GG Ws 6101 W IGE | ¢ adRIy WL in did) % wlg €16 W WE | Y

Gl I YGU!t Rtot Ya2Ya!+t RE W !t qdWRE WHYUOHRWI UJT oW

N6 WWs Y1 ¢t WRUW6 Rt Waé It Rt Ws RiGWnYHet WYOWIGGHY! RONL

N ¢ HRG DLW 1J0GY el MY h W Hewg s YWE 3! WHScaauondt w WWUWRUL

96c¢daNUNUWMNaWAERNLW! RIJGT + WGI YT efAqt WRUWg6 YW YO RT W
ORHI Ys5¢2IJWG! | YO!+t Rt OWNGRY WHI Jeqlt W RORA2 0 qRIJE WRC

bet AHUGqVY! Ws et WIAGGHEY! U7 WqYWJIUt el WwWe URNY!I dW6WeqRUN



AY q0qR ¢ AL S0 1 ay R 0B 10 W YIWH dURE dls q Rd Rt T Wa VY WRE Gl K
TUNI eT CATWWORHI Ysc2 W et HIGqY! + WY WI+GaY!l DWRN W R

Gel W3z UcaWGI YT eAqWs Ra6 WG RURGcCOWHGE! WnVYl ¢ qRYUIO

96c¢udNUNUWM=ZaWEYG2Y0!t Rt WYnWAENWGWET + WagYWIUWI Nt L

DEHItt R2UIWecaVYaeUqt WYnWaqY+FRH0BEcACI T Yet Wt Ya21W3Uqt oW

AYqUUqRe¢ O W YO dehf RIYosaldli G cRROCUINE Y9281 U q Wn Y1 W 6 I W IGY !
| T ergqRYUOWYnWOe AU WY G6 RE I We il IRBR gLV GapVLIRIFGER Yo ojd LRFL
HI 2T DWG| ¥ GfelAGRBY6OYe q IT WH! WI WG Uttt 2l Rt RUNWgS W ¢ H
ftYacqRYUWYnWGal JWGYUYEG U WRY W+ G4 aulD ¢ Ha RWMAILIME HIE R

FURYOT Wl ¢ Ut 3t qUl R3He qRY U LW qlIGHO

NYLWeH6 RII2 W6 13t Wllgs YIWE ROt Allgs YWGE! ¢cada Wi WG YTUHqt

Al YTURqQIOEUWUXIWEUE ¢ UHRRUNIOG S WIO2ZYROGUEGUR & RX U I0OE R I d I

ORHI Y5 ¢2 IJIOMFI HORAGEY IVI2 JT OO RHI Ys5¢21J0G! | YO! t Rt g

§HTUHQR2 Ut a

NI T JUqRN! We W 2Rage AGIUIWT INI ¢T ¢ AT 1 WERYHI 2 WsREG2RILN Lz
nYl WRAGGI WNUK®qRYUWRUqY WAEN

S VYUO3 aW e ARVt n2 GWRAGGI WNUecqRYUW2 Re WHE ¢ UNIJWR
I 13t Gl 1

O YUT eAqQWAIRHAI Y5¢2WG! I YO!t Rt WYNWAENWSs 6 RAHG WG ¢
bet HUGqVY!I + We UOT W WagWl a RUDWRNnWe UWle GGl WHRe A U

bRUAI D¢t DWRULWE HY YI AJT WGYs I AWt ©®GUI RYI W6WE qR

py



E+GWI RGWUqgealWs VIt WagYsel T+ WYATUHqR2 OGO ¢de 0 umas ¥

sROGWI R Het t W6 W Ut edgt WYAqeRUWT WnY! WYATUHqR2 U

Al YTUHRQqQIONs YXIOEY G 2 YT ! qR# Ok 8 Rip'@CHOONCET IEHOER YU K YEnaEA BINHK

SHATWUHQR2 Ut a

NKPIJ2RY JWe Wt '+ qUGWs RESWHe O 2 ARIJE t nadd! Wi WGV

S YU3 awl wEYa! all Rt ¢cqRYUAWe UT WG YAUW Wi WHqQR2
Ynwe Ucec !t Rt WpgBAECORNS I+l Df b

OKE+GUY! JWOY2 10 WRt Ydd diR REWIT LB oy 104 Y LA of LLLES BRo¢ R BHED ¥
YI WaWaqgl ¢ Ut 3t qll R3ZACqRYUWg! WeqaWUaqWyYnWagé 1

GOWI+GCUI RGWUqécaWs Yl t WaqYscel Tt W6t DWYATUHqR2 It Ws

p &



ZHe qll ReGt WeUT W~UDaqéYI Yayn! L
=M3IR I 2 RJs

N6WJWs Y1t WeUT Ul q¢t JUWRU W6 Rt Waps WY sRU LLbIIEFFEE VY 0J¥ LRy 16 HILL
OY2laWl Yeqlt WnVY!l WGHct qREW WH! #0IR GRIOWLUE 1OE dlt e FGHIE tHd
He¢l AYOWI RY+RT Wl WheRI WWagé W 3t RNUWY nWWhe RGG WU q WF
JaW2¢qUlT WG 3t a2l 34 W Kt GUAQqR21IJG! OW~YI Y2131 Allgé 1JLWH
Tel RUDWE WGRHI Ys¢2VUWG!I ¥HRUNDWy 6 WURGLY RUT WA IWRBEG! Y C

qlG Gl ¢ qzdi0lUlq Y WONM

fOWeT T RRYUWqY W6 Rt A6 JWG! YT 2 H#Hat WYnWad W 2 GUI #I
Gl I Ya!'t R AWeUOT W6 WWHE WG RHE G W WEYH! a1l Rt ¢ qRY U WG é
l ¢UNUWYNWAEHt W GUHG! Yalgl ! Gwlz Ha 1Jéuk 6 WR O WS R # 01 w

JideH"HRI cqUlWs 6cqWUGE! + RAcOWe Ul WHEWAGRHC G Wal ¢ Ut nY!l Gc¢ q
ZTHEC qJI Rc Gt LW

ZIO=ZIONWEz2 GUJI Al RgRAcC O Wf G Gl WNUcqRYUWYn WA
§1 D¢ URAW~RHI Ysc2WWEzt #UIGqVY! t W

Ya! 6! a0WWNII DC6qb¢aceaqllls O Y, HAEITZ A EMDALINIO WY R d o
] YYT nWaaYswocarAl RI NWAWcea UqRUNT YU AWGULERDEGES ! @130 1L

0T | RAGAWEqIQiil ¥ e B A RIP Hilllch BREASEBEA WINW | P @B Ic RREBUAHRT |
7RipcelI | Y4 6! Gb Wa PTG 6REBGCHISKELIPIEW FEYRIRCR YV # RT D Wbl R L

OPPIOOPOPPPEL IOW GG Ws I WJWet T Wet W WHEUIR21IJIT 1O



SHO=ZI=W~RAI Ys¢2WDWA! | YO!t Rt WYnNWAYGOG! Dagé! ¢

AYTO! Dqé6! aRURWNII DGEq6c¢ctcqllle GWMILEEAZMAINO U N 9 EMIO=
] YYT nUGGYsW9¢aHHl RT nWb We UT WE q 67 WBJRITNNE & H & 9 LH e €009 H
OE bdAWs Wl Wwet VT WRUOW@6WWG! | Ya!t Rt WYnwe UGYT R31T WAE

Dagé6! Gu0KWNG! #Yd WRUWE W e GUI HI RgRAcCOGWHRe!I AYUWT RY *RI
ZIOZH0OW9 6 NG RACTW? I IGYG! G Rt ¢qRY UL W

AYOQ! Wq6! a0 WRNYI WGsqéctcecqle O Y+;HWVZIAEMIDAIG W] RG G
] YYTnUadaYsWoc¢aHl RT nUAWcaUqRUNT YUAWOubL AW~ q6¢cUYaLU
ERRUVUqQRIBAWX Y2 NEHY! YeNsAWOub AW9¢ !l AYUW? RY#RT UWb R
NAPKHTRC A¢ HRH! B Y I MO FONS IERIIE RRIFEGEA LWE q HOWALY & Rtk WOE e Widll,

| JRIJR2IJT oW

ZHE: GUI #l RgRHECTGWE+GIUI RGWUqt W

= IO@KIN HEGUT 13T pAd RIMG 2| DWeée RIIs W9 1JT

NYLW2 Rt RAG! WYHAL I 21 0Wq6 W Yie ARG RN LIR2CY TReYeld LURYR 1
BINMMWG G b Ws ¢t WIAGGHY! VDI Alls Rgé We Wa¢+RGaGWs VYl t RUNDWGH
qlJd G ¢ q 29 W YRNUNPKON b FOWN S W2 RIs WHJG G WAYUqge RUY Was Y
AYT ' AlWgél YeN6Ws 6 RASGWIRNSqUWAcUWANW 6 YUNAWeGaYs RUN
TRY+RT UW YdeqRYUt WagYWARIWY AL 31 2107 ol @ 0ms BIGT ¥ sHJilc |

¢l YeUT W6 WRI WHRI He & n 13| ROHRILLIGWag & 0 WG § ¢I# dUe H WL 6 Y @ To

NG 1IJt W WageHSCHIUWs ROT Ys W6 YOT 31+ Wel yu Ieel T WaV Wa
Rt WgneRII6 qUT Wel Ye UT Was WWHRY G GY U U g dud IRoLE LG SHOLN 6124
Rt W #1 s W7 WRUqY Wq6 WWG ¢ RUHINA Y G tjiidpiin YJ1¢ 10 LOALG Te WHIFHY @1l RO
aql ¢ Ut GYI qT Wa R LIS EIRCRFHHS VL LHapdl 12U o 984T G LUIRBRNEEFE UDNLLRHDNAGS ML

C M



TRCOGUqUI blWGa | HE N &I WY ¥ SUEIY 0 MYE RES WRY WHYUq!l Yaaldl
Ynlc RAWaE Gt WGe | #E ¢t I WhGDIMN dUFELE R 1¥d LI 150RA WANT T IR @ 1 15

6Yet DWe qligs JWOUR2WIt Ra! WYnW YqaqRUNG ¢ G Wei[ RNIOWE 0= b

[ RNz IukDEDY¥ HTWIOY n t0q 6 1J02 RIIs toRIJGdtoéenl YUqh g

1/8 1/8

1/8

| P

Tempe
Mon

Swagelok Pipework
Compressor

No returnvalve

HiP Taps

'S4 1

1/8to 1/16 Union

CAIdNBAYSHRAF INI Y NEINBZAWMD 7B &S DKL 8 K



ZHO@BN S WAL 13ttt el W aqYHEGE 2134 WLW

GOW 2GUI A#I RQRAC TG WRAGI WNU¢cqRYUWe UT W HBYGYHIWWRY ¢ q
6 RGBS 1t + 21 DWceqYHIC21II Ay é R #H ks Wiq 6 WLOP IR VEHUREGR WY
Gc+ROGa0WsYI t RUNDWUAEGUIlI ¢cqgel DWYnWaqdé 3t It WeeqYHRTCE 21
qla Gl ¢cqel JWRY W 3G IF R U e BNl Vi SINDFENG || IGE qUd maug U 1J WA Y G

2RIUWDW~YUYGQ U WEEIAR 619G R 200 & 10 WsIARND W= OO b oW

NG IDtdJRIENt Wel ywet UT WqYWTYRUWqS6 WS WeT We UT WHet WY n U
b 2GGY! qUT WAH! We Wh R O &quis 6 IRTHIEAURY 406 Tc Wd 6 I Was YWHRYGGY U
IJOT WY n Weplldy 16116 RWW DY OWRN 6 Rt Wt 13! WR Mo & WO O sy Wl RR UG Y
AYOGUUqUWg6 Wt yeaowwo el AYOW RY+RT WWRY Wl ¢ U0t GYI q
Gl I3t + 21 1w g GLIREaNGERe MNURLONHSYUT R¢ G 10 q 11 b (G 6HIALY Y13 TLLEM
s 6 RASWRt WARYUq! YGOUT WA WaBAWYCCUREN WA S E LWL ¥'h RV D LIE

c! T | ¢@ULRHRALOWE 1OM b

CAIdzMBYHPE 2AINB & KdekNIK | dzi20f | @S O0FNRYyGO S6AGK GKS o0 &€



1/8 1/8 1/16 116 1/8 1/8 1/16

1
:
1
; @
i i
1 [
1 [
1 1
1 [
1 [
X 1 [
1 [
l Pressure . Temperature [
. I— ) -!
-~ Swagelok Pipework
COo,

I Noreturnvalve
> HiPTaps

’ 1/8 to 1/16 Union

CAIdzMBAYVI®nRALF INF YV ;ifINBZ D AN KY Kdz@XKOf | S o

KR JGWHql REWAI YGUI ! W~Jc¢ct el BaWUqt

FORIHON q W¢ UT We YOl W9¢2Ra! WAl qel AcqRYU
WHe¢2Rq! WGWI qel AcqRYUWGUq6 YT Ws ¢t Wet DT WRUWs 6 RAG WE
RUqUI UcOWI REGWqUIl bAWs RAGWs ¢t WaGYaUqUT W pHGE Wad ¢ ql
HYUq! YOGWUT Wnel U¢cHIWe U7 We wr! aRUT I RACOGWNELWHRHE 2Rq! Ws
OMMM L+ R AOW= OP b Wei[ RN OWE KOX b OWE ¢ GUGIEIAM aLLH RILLIAIRLE 2 Jaji 13 1 LLLERAJML
g6l G¢cidWIhue RIRAI Ra GWHKNNY! DWANRYQNE ¥RIDE WR O Y dih 6m
t 6RnqWe Ul Whe ¢l Rq! WnerqVY! Ws Il JWaWet el W1 Wet RUNWE W2
| Jageal OUUT WaVY Waé Wn e b Wép@BMine O e Wy Gy Be DlgRE W GG
| Whe RI 1JT Wa )& 6@ GRyred A3 W 10NNIALULDS) 16 GIJILE ¥ @ | 13 dlé Y il O ML
qll DG qdbc¢ctc qUIOWNSIIWGEe+FRAG2 G WaqlaGUl ¢aqel DWnY! W2¢l RY

T RAgecqUT WAH! Waqdé JRI GMFIBGIRIOND WY W e AGRG¢c qRY U W



[ RNz D DY ) WIOY niQdfs Wads Ok @2 Ra! KeBphaqal Ac qRYUIOH Uq

Furnace \

Cavity —

Quartz Tube Vector Network
Analyser

Computer

Step motor

[ RNDe IWORYLMIORCE NI ¢ O IOR i WdtYdill ¢k @ RiQe dagi3qidqiccd He qRY U0 U



CTIolERTI 2ciqcUYet WeWDeqRUNWeUT W~J¢et el 33U
N6 Wt !+ qldd UHYOR R IR #EYhWERIFT Ys ¢ 2 JWHE 2 Rq! Ws 6 131 1J W= W
D+ Rt q W¢ q Wasb[IIRID FOW IIMMERUVHD] IRUDNEINENOYIBR + We + 13T WnY! WG RHI Y3
RUARI WUq WG Yis Wé iz Gy Y YURNRMALD 6! WHY Uql YOO Wl WgY WA WE G
GUcqRUNDWY GYGWWI Ve RI T IOWNSRY WG YT JW6 ¢t We WG ¢ +*+RGe G U
HY!I I 0t GYUT + WqYWagd W ¢ aGUHNWWGYt RqRYUIOWNG I3WN~MNMLWI K
q6 Rt WRY Wel DWUGGWIWEB ¢ UH1It WY nWagé 3wl Wt YUecUqWn! Whe JUF
GUIl gR2Z1Rq! IOW7 Yq6 Wa YT I15HcLRARYGHDIH LR opLIE 0 10 L IR & WhdIUI +# #HR q
Fagl eqUnN! WagdeqwNeacl ¢Uqlt Waéecqagd JWe1WIe qRUNDWGE YT 13WIT

GYT UOWi RaéWaqé Rt W aql ¢quUN! AWt RidalGagcUWYet W6WecqRUNDLWE

WOt el RUNLWa 6 ¢ o LG G ¢IdU Te L RE W Uik # 1L ¢ 2 iy 0131 Nt 1o

[ RNz D EOYRMWNDN 6 IOt RGalqec UYet ¢ qRUIB IGH BT I0Y € 2 KRiq IV & KDY o
AT YGUqUIl e tOXxIO~RHI Y5 ¢2IJI0EYe |l HIJe OWx IO RT IY 09 ¢ G 1J1 ¢ e HOQx
¢cUT toRe¢ UUY qIOHIJIOGR A2 | T g OO



QuartzTube Microwave Generator

N N

e
/ “

IR pyrometer

Dielectric Probe

CAIdNBAYSOYRAIFINI Y AftdzAGNF ay3d (K AAYdAmaldy S2dza KSlFeay3a I yR

= IORIRDO #+ R¢ G WAI YHIIW

Uw NRIGWUqUWYPMTMEWSRNEWqUGGUI ¢qel WWHY¢+#RE WG YHL
YI NnecURAWE 2t AUGq VY| WH¢ UIRRIGAGIGH IRGEYUGH 1Y SHIZ |alRWId] dLIG Rl 14 4
PMMW-~c AlWqYW=MW] cAAWA! W gl 6RURUNWqSWIWE G GaRagel 1JU
b e O GHi[IJRO) FOLLE GMPIW AL WS e q T WerYU2 J0qRYUcOGO! WaVYWe Wgel N
5 6 RASG W6 DWW RUGWHA!I RAWGI YGUI qRIJY Ws I YWGWIet a1 13T WA!
quaGUl cagel YW ¢cUNPWEeT WHXRIUWHRY 211 T IOWNS JWGec+RAGzGU

HeUT IR Wadl W6 We qlT WaqVYWs ¢t W REge qlT WA! W6 WRI WAHY R

Vector Network

t
ECuLERE Analyser

— Dielectric Probe

“/ Sample
Y Hotplate

CAIdNBAYSOHORAFIANI Y Affdzalmloy 3 (GKS O2FEALFE LINBO6S &S



ZHOPW~RHI Ys5c¢c2IJWA! I YO!+t Rt W

L gAGe [ 2yU3dNI e2y YR tNROS&E a2yAl2NAYy3

| V5 ¢ 2 tINUGSYNS LUt @l VVBHERYRMILIE BOMILLE § WE ¢ R1 G WRWULI ¢ qY

| Y5¢20WGEYs Il Wsét W RIWHqUT WaqYWHE2Rq! W6l Ve

Wa@lagZBHEALWLC 2 @Y e WBNPMI~cAb Ws ¢t WEqacéc HEIT Wa VY Wab6 1J
| JHYI T RUNIOWNG UlWc §~EAWa et 21 Ut WadWWacecnNURageT JWe U1 L
¢cTTRqRYUWqVY W6 WWGEYs 1 We UT Wnl Whe JUOH! awe 0T Wet 13t Waqé
RGGUT ¢ URIIWG ¢ gt AR IRAIUIDGACUELR UR GIRAH q I T WGY s 131 OWN 6 Rt Waea U
5sRa6Wc§~EALW Ynagscl DWaqYWRYUq! YiOWaqé WWae U WwWe OT W UE

GYs Il W Ut zdqt OWNG WWage U Ws et W e0WROWez2 qYqe UWG YT

AT YOu!'t Rt WI+FGUI RGWUQt WV VYt WEIETHIIMARCUAIR dl B GO caFAILL ald FF
g6 lWUU0T WYnWagdéWWs ¢2W3NeRT It WeOT We Wt dRT RUNDLWYE 6 Y1 q tOWR

GlicHUWgSWWIRHAI Ys¢c2WDW6Yqt GYqWRUWS WWERTT GIIWY™Nn Waéb L

N6 DWaqladGUl ¢caqel WWs et W WHYI T UJT WeqWagé JWRUqUI RYI Ws ¢
bl N NNV M7HORIVNRSIAD 6 13 ¢ T WalJa G ¢ q e |pd W3 1& LWl WRGY HNJdnEHIILR €
q 6 1JWaq Y G U YapAlldapelAlhBars | Y 2 0 Gl TLH aRE IRLET Y d0adc b s2 gt ¢ L NI 1mid T L
OEMNX9?2WNINGGUI ¢qel DW?2¢qéWx YNNI IOWNSIIWG! | YO! t Rt Ws

CPAMMMNINOWX RNIOcaWORUIGC W WAHHE G 1O

N6 WWHYUT RqRYUt WY NnWaqd DWG! | YO!+ R W RNAWe U7 W IEY21JI

G!'l Yu!t Rt WYnWeUaGYT R3IT WAENAWE UT WAERNLW@S6 ¢ qs el WHIIIL

cy



t NP RdzOG / 2ff SOe2yY teéNRfeaira 2F ! yY2RAUSR t9o¢

Al YT eHqlsct WHYGGWHqWT WA! Was YWHEHY ST Wal ¢ Gt WRUWRHIIOLU
GRUe qIJt WE B UNMEHIFEG! + Rt WY W DaY203WY+! nWUWs 6 REGS Ws ¢

D+ Gl RGWUQOWRNGS IWE RAT Y5 ¢21Ws ¢t Lo bl &z §om¥d # 13 WN P L

Electrical Wiring PVC Tubing  Borosilicate

K-type Non-condensable gas
' / Thermocouple
Data T
Logger l ./

Quartz Tube

S

/ IR Pyrometer

Sliding Short

Microwave
Generator

Autotuner

Cavity

Camera

CAIdzNH AwydBv rRA I AN Y wWAT dz2 NNNVA VAR GK @Sa B NPt eara 2F dzy Y2RAUSR

t NP RdzOG t2NPE®a2yY2F LYLINBIYIGSR

—
©
©

Al YT erqWs ¢t WHYGOGUHqUT WA! WYOWWARYGT Wal R &R E IR We C
b YieqRYUIWNG JW '+ qldWs ¢t WGe | NIIT R (RUFEHIVRV D! ¥ 1R ULLdinY Y
I JaVY20WY+! nWUWs 6 RAGWs ¢t Wiec RUqe RUWIT Wadél YeNGVYe qllgb
| DT e BT WetMPMWGAGHAE! b WY We RT WGI YT eHaqWal ¢ Ut GYI qWHA! We
2cHe2GWHYUq! YOGGU!I OWNS JWIFqll U¢ & W= ¢ GUIAMY 1Y 1 &R 6i IR b o & ¢J IL
NDGcCttscl WWs ¢t WEWeqll WgYWN=ZMUN 9 AWqY WG W20 qWGI 1Ja ¢
tue ¢ | qiUIGHEBOWG! | Yi! t RIAY dRINRIN 10 RE 100 dUBIERG REY 013 W6 1)
ct WaYURqQY! 13T WA LGS WU 12 130 6 W13 d ILiyplE & ExUSaPSLIINLXG6E 107 &Cl qLA B M

2 ¢ q ¢ WY MRMISOILE ON N b

c®



Electrical Wiring PVC Tubing  Borosilicate

Non-condensable gas

K-type f
Thermocouple

Data
Logger
E3 . Heating Tape

Quartz Tube |

/ IR Pyrometer
= Sliding Short

CAduphNdn AYyS RAFINI Y wWAX GZ2ANNNAPYARPGK@ISaEBNRE @aAad 2F t 9¢ AYLINBSI

Microwave

Generator Autotuner

SHBUCO! qRAECO W~ aq6 YT+ We UT Wwf Ut ql 2 G131

ZIOWMIONT GYNI ¢c2RGVUq!I RAW Ucid! t RY

N6 WWGI It BURPDWYnWY! NncURALWY 2t HUGqY! t Ws Rq6é RULLqG 6 1JWAE
RUt ql 20 W3U0qt AWx Veq6 3l 613¢T AWOub Weqle WsWeqRUNWI ¢ qlll
GicqRUz2 GWGE Ut IOWNSUWneal Uc /WS ¢ 1] IR YL ¢ omaJULLY on'! LLPG/ELL G 1T DT
ZHORRD Ul DUqRecGWEHC UURUNDW9OCOY! RGWUq! !
AENKkt W6 Wl G¢aWGI YGUI qRIJt WeiRTct t Wal ¢Ut RGRYU WG G
GYRUqL We | @RIMWIRG W WUqRedwt #¢ OORONWHETY!I RANq! ! Wl "
xWeqdéll 60¢T AWdub We qie WsWe qRUNWI ¢ qU WY n WNMLUM 9 Wo & RC
GeUt WeUT WaRTt WelR Wf Ut gl 2GW3Uqt AW71 2+t 3Gt AW7J0NRe G

et RUDWWAGGq! WGe Ut Wet Wagé 1wl ¥ndl WURIJOWNGS JW? E9 WHIJG O U

] Ys W ¢ q MRS WP MG G



IORID@ ¢ 0 RAW~WWHAS6 ¢ URAec G W Uch! + Rt L

>

ENWEWHG6¢ URARC O WG YGUI qRIJY Ws W1 WWRU2 1t qRNe qT WH! W
~Uqaqd 3l WNYGWIT YWnY!l G G! WNI RqYUWRNWHSUYGYNRIt AWOu b
0" 90 0 RUWRUWaS WWaqRa GUIl ¢qeal 13Wl ¢ UNIJLLEYd WK @y ¥ W= RO 19 4

5 Ra 6 icYled | Wh VI #IJWY nWNOP W Awe 0T wWe Wl Rt GacHWAGWUqLUE d G

= IOHWORA ! WEHCqqldJl RUNW

Ht Yo qWRHI ¢ a1 SR P mape ¢ it e qaqldl RUNWLE AEoi AEbL LU
GUIl Yl GUT Wet RUNWa6s IWAWUOYHE OWRUY ql 28 13U0q e qllgé 1IW9 6
XCHY!l ¢qVY!l ! OWNS JWHEY S HRUT W h LW MocLIDAEI0N LIRS RIS B L] 6 LI M oM
5 ¢ 2130 17 U0 s W 1Y il q 6 19 W pgHE oy ldg 10 O 18 10 10 ILULET $OUEDHC L0 NEDFEM PRI O el PLILLI

G6YaqVY UL 2 # M o™ ™o BIe (e wNMLLs 131 1 We (He d ! WHod EROLE IqR 101 10 |

SO OPW 2HGWCE! W~¢NUPDqRHWAWDY YU URWD

At Ya!t REWYI!I W 2GUI Bl RgRAC O W WGYH! Gl Rt ¢cqRYUWGI YT
q6 Rl Wt ql 2 H#Hage |l WE MRANNIIA GGIRU AL UEAN LW g REWI 13t YU URII WY
EcOGOI Ws I UWT Ryt MO 24IE §IIRAIWT aip@Wic G ! + UT Wet RUNLW ¢ W 7
F GUHRQ!I YO Uql WY Wt 1o @ NIV AU2 ofId ILLIMNALE-13 (ARIF ¢ 0 W 6 Rn gt LW
OROGRYUWLIGGOb IOW GdOW GUHq!l ¢ Ws I WWYAqec RUDT WE qllé & HR

HYG! | RNGqW=M=MWbi~1Jt ql B¢ AWA J¢| HE WEIOX tOb Ws ¢t Wet I



SO W qa Yt G6WI RAWAIL 3t 2l W9 661G RHCE O WF Y
~¢tt W GUARGlI YaWagl ! WHE!I YGcqVYNl ¢at Ws Wl WWYAqée ROWT WA!
RYURt ¢ qRYUWBL A9f AW71 2t Il Wf G GeHaqWf f AW I ¢ U! b OWILE
5611 WWRaqlWs ¢t WHEe! | RIJT WH! We Wy Ys WY n WU Rig! 04600 1W00100R 10 = dy 1LLNG

TRt H6¢I DIIOWE+ G RaWUqt Ws 31 YWl e CWRUWAY q6 WGYt RqR2 L

ZHZTWf Unl ¢l DT WEGWH! Y HYG!

EYORI WE! + Rt WY Wt 2GUIl HI RgRACTG W WGYH! Ul Rt ¢ qRYUWIG
bqeOT ¢l THAWseT Waé IR Wf At GUHql ¢ W WHYT T T wyowe w7z |
qYaqcdw ) A ecclot) INA LS Ad LHAIGat W0 WT 2 JWa Y WS 1JIWLGE Y R T

Gl YT eHqt WROWYI Nne URAWE Ya2WU0qt oW

SOz Y W] WG WA alecqRYUW96!1I YaGcaqYNI ¢Ga! LW
Al YId YR HoGIAURITRGRE ¢ G 11 Gt YeTgeRFVaie OT WAER WG YUY a1l L
] BaWGW!I 6 ¢ecqRYUWHRS!I YacaqVYNI ¢ G6! Wbl A9 b Wspcd TWGRIA YLl G 1.
¢t Wagduwide 30 qWe q LWYIWILLG 191 PLEIH R @ £ G0 1RO 1R @106 stk iR G 16 LW O
calle Wy Ys W ¢qUWYnWNWGGo G RUWWEE G Ga W ARG QR Y Ulé dt L
TROWI WUqRecGW Unl ¢cRHqYAWqUl Wel Af b FOWNG W !+ qlJd Ws ¢t U
b e U7 ¢ T PHBMHONIDHINMI b FOLL

AEN

] A9lWs ¢t WGUIMRHG DY INMRHDB MO 9 W] lpcd 111 HERGERI g 6 1 W

D0 2 ) @ yNAMMR © 0 We U g 1ITiRMR I Hay L Aext U We q We lAIg ¥ € T Bl 13 6N A alR ¢
5¢t WEHGERI2 T We fIRTAIMIE WO IWHUY &Il RP WL U q R I didd el Ha Y

sct WHEGRAI ¢ qWT Wet RUNWUE! | Vs W RAMBIMMTHLRGGMEB A + q! | L



O oot € & F BET WG ¢t 131 Hb RIG 1YLLNGroLR) YRINLERaGY LICRCAL ¢
F GUHRa! YOI E ] bl ~  x ? f

CRNG6WI WaGYaWHz2G¢! Ws JRNEqWG! | Ya!+t Rt WY!I W e GUI HI RaRF
RT DUqR3 T U § RYIB HISHINE @TF2 HqlJT Wet ROUNDWe W71 2t I W 2qVY] 1
GYt RqR2 DA W 1J] IEshqeRER Priefay! | digiadc@dial YU U! o RT WU e W

YOYURq!I ROWWe?9N7b WRUWEHIqYURq! RGWWSs ¢t Wet 13T Wet

=

gc¢
tcligqroOW DWUHLGEBOUY@ME VT WRUWqWUal ¢6!' T1 Ynel ¢UAWHLN YT 1

cHWqYURGq! R 1JIOLW

ZIOZ IONMLWc RNG WAL 13t + 2 rHIdlx IRIWE RID H#HI® 16pF & i o la!Y IDW
E2aGUI H#I RgRHAC G W WGYd! GWUI Rt ¢qRYUWGI YT 2 Hqt WYnWAERNSALU
cAxp9EWe Ue !t Rt WYUWe WNGWI GYWOGqREE qUIWOMMME Lc Ax 9 W%
AYGe GUWuT RGIWOL RY Ut a WUIN P MU LLEHSN LLLES CLEOE @ 21 RaOFH 0ld LR AV 1D d
HYOUUHRqUT WNET ILe-tRIBH MEE{ Wf f oW

Wa YARGWWGE et JWRYUL Rt q R U LW HNAKD sRRY0H GELIR tH11E Gy EL0EV FOMING

0¢RUq¢ RULWE URiNeG t Ldect Odj LIERUAG 6 W WA G Y s UMlac T RUUqWw] Ys W

YAY |} o . &
n ®p p

H dn M N
n yp M p
c yn H N
y cnh nn
M AN cp np
M H pn pn
M N np pp
M C nn cnhn
MYy op cp
HnN on Tn
HH Hp Tp
Hn H N yn
HC n Mmnan

ZHOZ IONNLW] ¢t W9 6 | YGC(ﬂYDI(pG%Huu~Cii mECﬂJHmIﬁ
EcOGOaUt Ws Wl YW Rt + YU2UT WRUWHESGY!I YnY!l GWeic Ax9WNI ¢T LK

BIMIOPMWAO No O Xx AWUMK=ZPWINO G X AWLUMIONMLWGIG Do 0 x AWUMIOMP WG No G X b



Gett W GUARGlI YaUqU! Weis JYO Wx ql b Ws R WIGUHql YUWRG Ge F
HcGROGCE!I ! WAYGzaUWs Rad We W R¢ G 1Jq 13| QU AUSMHQE 1P tLLK) KDL &J1D 1L
ROTWUHqQY! WGY! qWqUAa Gl ¢qel WWs ¢t W= oMU RUMUGNIG 1AL YG AU

61WCqll Wnl Yo We b meseRYOAQIM ML Ues1d + WGz | NIT WHY Ut q¢ Uqd!



OWEUG6cUHDNIWUqWYNNWAYG! Dgdb! Gl
2RIV Hq! REWAI YGUI qRIJt W2 R¢ W]
f Gl INUc¢c qRYULW

§2 101 2RI W

N6RI WHGE Gl Ws RGG LW RY Het t W6 WWRE G WNEE B RE G in koA E
naldl WRT DUqR3IHcqRYUWY nlWe W 2t HIJGqVY! AW Wa ¢ qldl RedWs
GRHEI Ysc20f AW e HHWE t ne G WRAGI WNUeqRYUWRY W 6 Ys OWaqé6 |
HYUql YOWU+GWI RAGVDUqt We U7 Waé WRWE Wida 0 RN R IGURI6 1D WR G

I Rt A2t t U Wet RUNWas YW ROWI WUqWn Y G LHBOY®ILWLHE 2 RaR YUGLIY
q6 W RUGUHGG!I REWHY Ut qe¢ Uqwe U7 Waqé Wi RIGWHG! RHELWEG VY + U

¢Ue !t IateleUlT AKHia 101 RO D
OWONWf Uql YT ed#qRYU

NS VWS RNEW2YGad Dt WYNnWs ¢t qUIGH ¢t qRAWGT YT 2 #HIIT WNG Y A
s¢ct qUWagécqlYRA2 GRIJY Wac¢UT 3060t WeUTl WGYadeqldt Waé WWUE
| U BGRUNWaqUAESUYOGYNRUY Wad ¢ qlle | ddEté & /[ auw e HIRd RO 6 U
H6WOGRACGWRUWI qUIItt WYnWac¢cU! WGGH¢ct qRHEY Ws 6 RAEG WG et 131 L

el t 6WRYUT RqRYUY AUt eHGWet WERNS WG Gl ¢qel 13t Aln Y

~RHI Ys¢2W6IE GRUENWUDBRKEBT W6 RNG WandhicGHT R Uiz W o JBLURUIALR NIGH
gal UY211 wWwOWPT T WY Wt DIGWGE #HIJWs Rad6 Wad JWREG AU 13W2 Y
DG WHEql RACOGWUecqge !l DWYNWIRHAI Ys¢c2WW6WeqRUNWGNWe Ut WRq L

nl YO WnergaRWaY WRUAI ¢t RUNG! W WUWs ¢HGRUWIULI N! W Yel

N6 Wt ql JUNgéWYnWRUqUI ¢HqRYUWY nWa RHAI Ys¢21Jt Ws Rad WI

et el BGUUqWYNnW RUGWHEG!I RAWG! YGUI qRIJt OW Wt 13! WHE I |

Co

G!'I YO!t Rt WGI YRUT 21 WnY! WGH ¢t qRH W AFREG IH GLRADNWERG Ul ald 1

TP



HYGAGWI HReGG! WEe2¢RUCATNWGYT! a1l t Alls 6 RAG WRE Wé qal RF

Gl Wt DOHWWYnWHI 't gécaaRODW WMRY Ut WRU WS IWEYT! &1 W

W2 ¢l RUq! WYnWI+¢adGaWt Wre¢ UWAWNWNnY2 0T WRUWg6 WWI Rl ¢
Il WWRYAGGUWUY ¢qlT WnY! WA! W YGRUNWS6 WG ¢ qldl RedlWs Raé U
T RUODOGWHG!I RAWG!I YGUI qRIJt Ws 6§ RAG WE I eUG TFEHE N6 6l 6 @ 0 LK S N
q6Rt Ws ¢t W BaYUL gl ¢ qT We + dild IRA RS TE 19 1 la) YR & diLid) Nt Rl 13 18 1H ¢
qs YWac¢TY! WiRARqec qRYUY W Wa¢cRUa

NtG-¢U! Wt 2t HIUGqY ! + Wel UWE HG coBRFYE @101 Ria RHG Ris 1R @) & LI

qVy W Ut 2 feqlURMOYILCOUIT YR ql RA2 qRYUWY nW 2t HIJGq Y| WG ¢ q
GNcT RUNDWaYWIRE W WRUARYGGUHNqUWG! | Yi! 3 RREIS LGS |
Ge!l W ¢aenNUlWgé Wl e HqVY! O

=0 0wt A0 RYY Ws 61 WWagé WWG! | YO! + Rt WGI YT e Hat Wel |

HECOUUWUNRUNIWG:a | R3HC qisY U M & b GHIRNEs & B ke OILHYGY |
caYaUqt WYnwt Ya2W0quwy!l wa0uwll nt 1o
f OWq6 R Ws YI t A6 W RUIGNUHG! RAWG!I YGII qRIJt WYn WAE N LLE
a6 ! G101 LWN oY Yz RE 1Lt HABY G GUqRUNWRUY e JURDY WY U lWaqé
nl YaWq6WWIas! aRu0uwna! #yawe U7 Waqé Wt 2 GUI H#I RagRACE G WY

HIJ6 RUT Waq6 13t WWYHt I 2¢qRYUL Wel YW Rt A2t t I oW
OMIBNt| Ys¢c2W0WecWecqRUNWe UT W?2RIGUHG!I RAWAI

“REI Vs ¢ 2 10 ipRue 0 RILR @OEOY | 6 Wy nwl ¢T R¢ qRYUWn Yz G WAIqs 1
] cAAWs R WHYI | It GYOUT RUNWs ¢20a000Nq6t WA s 13130 LWN WG L
t GUHq! e GOWX Rt JWe aaWIaUHql YacnUWqRHEW ¢GCROGBYO ALWG R

Do WHEgl REWCUT WaenUWqRHEAWs 6 REGWE | WWGHI ¢M)T Ree t ¢l La



210t GRaqUWU*F Rt qRUNWe qWe WAl YeT W ¢UnWWYnwnl Whe JURRIJY
I GUHRIHWAGRAI Ys¢c2UWn!l Dhue JUHRWY WnY! WRUOT 2t ql ReaaW Y
T Rt 1 2GqRUNWHmBAKE WRIFEJ oJRI=NGDNPALAI (¢ TALLLBINNIOG- & LARUBIL a 6 13 LU

OURqgWT WWMRUNT Y oW

[ RNDe DO T 0 RAY NG IR YGecNDUWqRAKWI ¢T REqRYURIOEGUHqlI RARIOARY O G®
RGBS ¢t Dtoe UT oG GUUT RAz G el toqYOYURE UYq6 131 gto

O TPUATIHQR2 1O D¢ qRUNIOE UT IO 6 WO~ RHI Y5 ¢ 213K0c 3¢ qRUDN IO-

SsUNWYNnWa6WWeT 2¢Uqée Nt WYnWaRAI Ys¢20W61¢ qRUNWRY WRa
ClWacqUl REOWaqYWEYHt Ut W Rt HIPHRWON DG RRAE BAEGRY 0L
Do WEgl YOWT 30t Ra! WHGYe T AWRO WY 1t T | LLbydy LG a5 GOTLLIDI G IOV E YROHG

AYGGYUUUqWYnWa RAI Ys¢21JW3 130T HOWL

N6 Rt Wt WO WHqR2Rq! WYNWa RATI Ys¢213t W6t Wil WV LWaeqldl F

9V UT 2 HaWjI Wil WG REAI Ys¢20t Wact ROUNDWq6 G WRT ¢ dlWacqlll R



l ¢T ReqRYULWqVYWe W 3t RI T WG ¥ BRI log S WWEF B =4 LR A I ki@ 1 Ime BR DD
mal ¢ Ut Gel DO0gwlgVY WA RAI Ys¢20t Allet W6 W ¢T ReqRYUWGH
q ¢ t RUN WKGGYE I HAUSQ ALk & @HIY LRIC 16 R G IAH gLl oRSHIIRSH Al 1301 ¢ Ryddd WA LW

GRHEI Ysc2WI ¢T ReqRYUIOWf qWRt Waé Rt W RIJGWHG! RELWSGE qldl

DG WHEq! REC O WH @ecl RINM | LV Lo BHEL OWaiwT 130+ Rq! oW

At VIO WE We gl WAKNHE 21 WY n WCEY drtal | RR GLRGYGLEY | RUHYAR Yo

Co

REI Ys5¢20WI0NI N WRt W Rt +t RGeqWT Wnl YaWe Wdeqldl RE @ LWe

Bnil 1 7 Wagywet wWasel nwl W0t Rg! AWRUqUI ¢ #Hat Ws Rqé LWa b
31007 IOWWRNG 3t WWT RGY & 13t LUs QRY @ LS o LRNDMULLLDY 6R1a7L6 1000016 Hd 19%G (a0 18
D+ GCYt el JAWs 6Vt WWeaqll UcqRUNDWOEqgel WWRUT 2 #IIt Wa Y2134
Rt WS ROW Bawet 37 Wnl v allolbsIBURRABUIE | GRV GIILEGR GYE e LEWESVRH GLRG RS

GY210aW0qlo

+ T o+ —

Ve
/
T +

[ RNDe lu®OGh WIOWUqc qRYUKY N8 JIOGY G ¢l Rt ¢ qRYUG Y L HOGIHG6¢ URY Gato 1 |
PBUTt IOYNOg8 I GHq! RAKZIWIGT Oc dqldl Uc qlle HOgq 6 13101 R GR 0 1J by £y 1J KD FOROU EOG) 1
a6 IO INXH gt REEKDZSR N UG WU qa tONG OG0 YO DRz G 100G 21 qlol Yacé qldtoqY oec H6 RIJ2 UK
RUOqUI GYdWreeMcel IORYOOGRY RYU!

fUqUl n¢HRecOWGYOc¢l Rt ¢cqRiYORWS 0 WY Wt § & 8 BiUg A W B B 2~ ¢ BB
Ul YNUUWUYet Wacaqlll Redt Ws I WWHEE!T NUIT WGe |l qRAEG I U

Ty



RUt e ¢ qRUNWIGRHI Ys¢c2WWal ¢ Ut Gel WUOqb W DRqRYUWY N Waq 6
ORAI Ysc2U0AWq6WWHRSEe ! NI WGE ! qRAGIIL Ws ROGWe HA2 G2 0 ¢ ql

cqll RECOAWs 6 RAG WHec 2t 13t W 3HY UT6N WalsGYLIEGEH ¢R 1 IE qURIYIZCLI ¢ Ry

Co

GYU ¢l Rt ¢ qRY (s Rigd mRd) RIG IBWILIDIY RY U tOLL LU

= 4+ = & 4

°+

[ RNz luBiOé pd aq R A KYN A8 1+ OANITE | Rt ¢ qRY Ug 1O
Ta UOUGUHAEG!I REHID3ZIIGT IORt HO¢ GGU RIIT 10¢ A1 Y1+ IOHEISHIY & THanHRAIAWAD HOINIRIY RIYQE |

Yno9o6c¢cl NUT OGE ! qRAG I IORUIOg6 WORYUT e AqRUNKI WNRYUOE T WOGY T ¢l RY |
5 Raq 6 IOgrsYI00UsYFIg RUNKOI WNRY Up O

oa N6 RARIB 2107 ORS¢ | NIWIORAGAE G ¢ UHIIIOE qtogqé WORUq Il née #HIJIONIWUWI ¢
OYiEYUT e#qRUNII WNRYUg#tO
N Wt JRrYUOUT WaWwHs6¢ URt GWA! Ws 6 RHS WA RHI Ys¢2I1Jt WHE 21t 1JWE

NG 1IJt dwe !l ywt 3u0ws 6 JUWe UWJIaHEql RAWIJGT WRY We GGURIT L

T



Do WHEgl REcIWN! ¢T RUOqUWRY W Ualle GWRUt RT W6 WLWa ¢ qll RE
Hel | RN AWe UT W6 We qRUNWaet RUNWGH ¢ HWWAWHEG 2t WY n Wa 6

| Ut Rt qe U oW YUT edqRYUWI Y+ 13t WH G @ # mwiusd O wiRkdws

TRttt YOaz20UT WRUWq&M AWt e A6 Wet WAI RUOWLW

[ RNz luldoGh X0 Ugqec qRYUOYntoq6 NIORY UT e #qRY UG e qRUNIOGWHG ¢ URY G g OKO
qé6l YanN6oc o Rhue RT OG0 WT Ra G t0s 6 1J0K0¢ UIOE~ 103 130T IORY O GGO RIIT e toNW UL ¢ «

OaTaTaYWEYTaGWql RAKc ¢ qRUNIOE UT DAWJUWql ¢ qRYUK? JGq 6

~RHI Ys¢210t Wel WWe AT U WY Ws e qe Wi RUIGUHG! RAWGE qlll RE
TelWgVYWeUYqds Wl WwWe URKe 1JWETHRV6EI g¢! TaRIE2ayRiY2(HLDGHJ | RiIAIE6a)IE gl
2URNYI Ga! AWNUcAIRUNWRaWaY W6 WE qllgé IWHY ! II3WYn WE W ¢ q
N6 Rt Wt q¢ UT + WRUOWHEYUq!l ¢t quUaYWHRYU2WJD0qRYUcaWeWeqRUNS
b Yel #RIOWY N WEWE ¢ U Rk 06 o 6 W W3 G ¢ gqel WY Waé 1JWEH ¢

HYUT eAqRYUWe UT oYl WRYU2IHqRY UOW



[ RNz lu®@D® g W0ql RAEIOE ¢ qRUNIOIIUE AT It 1Oc HOG ¢ qlJl R¢ G tOq Y HOA 1J 106 |
OYoqUua Gl ¢qal JONI ¢T RIUqOANaqs WU 6 DoAY 13oe U7 1ot 21 net
Gl 13t U q rerRROYaHYWRdI0e q RUNDIOI 13t 2 G qt IORUIOC 1Ot 2 HE 1Ot G Y5 D1 06 D¢

f qWRt WRAGGY!I q¢cUqUgYWOYquUWYUOWWHRec2WJDecqlgYW2Ytdeaadllgl RF
@ AWWRE W W300T Wet Wags JWEYRUqWAWUNE qé Wad Wt 21 né HIJ
HMIOOZ Y b WY N WR gt WRUHRR UG @ L2 16 @& 13 WD I 1 E dui@RINOWUANTL 1B0HD 6 Whue ¢ U

q6 W 21 neHWWY nWe W RUGWHq!I RAEWG ¢ gl Ré o Wa RAI Y5 ¢ 213t L

Ehie ¢ qRIBDGHE2TIOqRYUOYNIOGUIUWUql ¢ qRYUII DGq6 4tONS IOl ¢T ReqRYUIOs ¢ 210
TRUGUHEGI RHIOIYH Y IOneHqQY! IOYNIOq6 130G ¢ qldl Reclelos RiGIORU] 2 JURIIOG 6 RY |

T WIRO O UHq] R ABGRGEDIOFEGU cReFERREY R 1) QR @ HapdY O MAO0 RHIT Y5 ¢ 2 1J10Gét + RUNIWOgE 1 Y
AUl ¢ qRYOUWT WGq6 WRt W WGWUT WOqWYUlWgs IWI RIGWHG! RE
5¢2W0000Nq6WYNWq6IWERHA Ysé¢20OWNG W gl YORWI Waé Wi R

CGUUNg!l ¢ qRYUWT WGqéWet We UWRUHAI 10&F s RE MRS Yievl aq MV 1 Il b (WE

Co

cqll REOWLNCEHIOWOONG W9 YUt RT 1 ¢ qRYUWY n Wqé BWSIUWGq

Co

cqll Redkt W RUGWH!I REWG! YGUI qRIJE WRE Wt 13! WV WI+ GCadé

¢ qR'Onow

(@}



WROPWHITHA ¢ qRYUIOI WGq6to2cdeldJt tOnYl OGO Wqeat etOGYa! G+ toc UT 1Ot 2t F
tuec UqRn! RUNtOE tOG ¢ qJl Re tibt Ol RUGUHG!I RHIOGI YGIII qRIJt IORY 1OHI 2 HI

N¢ A
56! KO
RIT ¢Tr0O qrYUg
~¢qll R¢ AdUUql ¢qRYUW? UG
i ecaqlll M OM O
ERGRHEYUWO9CEI ART M OM =
GeaaRU¢ N= Oz P
9YGGII = 1OT MU+ WWIN M
f1 VYU N FOO ML+ WN M

AYa!t !l 30 T > 0= MW

AYa! 2RU! GW960Y! MmMoOMOo W

OaTATAXIO? RIDGWHG!I RAIOAI YGII qRIJt 1O
2RWINHQ! REWGI YGWI qRIJE WT 13t #1 RAWWGE Ys Wac¢qll Reat WRUGa
Geqll ReTt Wel WWe AT W Y WR Gojdd ceetiopLUBNRGG 610 00 VLS Yen2UWELL ¢

UN0qAaWY! WRUT ew#IT AWl REYaWOW GGa! RUNWe UWIG WHG

o -

GlII d¢
FYawuwuOul B ESaNUHGREU W I WEYa ¢l Rt ¢ qRYUIOWRNG Rt WIIUWII N |

Tt H#I RAWT WA! Wa 6 13 WT HEIRLIOMDEO=RHALUG I 0 RqqR2 Rq! Wbl



- - ©
Ehe ¢ qRIDUOIGWL VYRUC qRYUIOYNIOI RUTOEqURREOGEI] G RagqR2Raq! IOYNntoc IONR2 WU IO
N6UW RUIINVHqEBRHILGH AN R & @RpIR M WefsGRUEEE el We + Wa 6 13 WT R
HYUt Rt UqR3 10t Wad IWe G YoelllsqdLUdd it al o) 0 IRTUGSED U MIBGE W q) Wbl
¢t Wagdé Wl RIJGUHQG!I RAELWG Yt Wn ¢ H oo | ALs LGORRAFS! LI 615+ &l RRIADIY | Ling
q6 DRIt RG¢ qiolldld b IS WTE R+ LWe lure ffREGE WT! RIFIOR apj ¢ ROFqUEHY U
cUT WO Yttt WnerHagVY! Wel W W3a¢ qll WK WY 10# qlic © skhodciad miH & ¢Uo o
fUEt Wet T Wa YR H RGO RIGd GLIY M We WE ¢ qidRRIC ¥ dlia & I 3 WS 10 1kl @ 6 il &

t GUHR3HWNI WheWw U#! We E hOWO 0O b

Ve

Ehe ¢ q RIDRIOO W@ IP] RHIOX Vit toqe UNWUqOYntoc toNR2 WUKOG ¢ qJl R T A

O TaTaWO | Dhue JUH! e tONDG Gl ¢aqel WOEUT 10?2 33Ut Ra! 10?2 3GIIU

OIONIONIOP ION W[ | Whe JUH! W
OUGUHY WeWaeqUll REOGWWI+FS6RARGY WO Ys WA VYt Ws 6 JUWI+FGYt T
Ynlgd DW RUGWUHq!I RAHWGI YGUI qRIJYt Ws Rqé Wnl e JUH! OWNG I

GYtt WnerHqY! Ws RadWnl Dhe WOH! WRE lsRIY IINLLEIE 1BuIOILOHGIL dan 13T U

- -a
op 0
Ehue ¢ qRAVDGHIEQP IJA! WKOEez2 ¢ qRY U
L eudTI Gl Ut W0qWaq6 W RUG WA REWRY UL q¢ Uq e qUut q¢ qRAL
5 6 ROW 1 RAIJY Wa 6 1IIrdBIITUEaER Sal RUYaeU o ROGUNLY | We Wa Yo IFe O 1 Wa
GYt RQRYUWYUHVDWq6 DWIG WAl REC O WY WA IWUHIEC R DO ROEUM & (D ddi 1.

y o



g8 GUIl ¢qel DAWet WRt WRUJ 2 WUHDT WA! WRUqUI G YU WARz2G¢ | WR
gl GUIl ¢ldgle D PHOMWR Y We U WR ops M GRYIW !N W GCE10d ¢ ayMdilq 6 13 W 130 ¢
nl 1Jhdwy H!

N6 WW? DA JWWheecqRYUWGe! WARNWh2 !l g6 W WGel ¢ qlT WRUqY

RUJ e DURRUNDW6 W RUIGWHg!I RAWRY Ut gq¢ Uq s EIOWOKP b We U1

a
a p -| T

Ehe ¢ qRraDR DD GHql RAIOAY UL qc UqloGY 1 qRYUIOY N IOq6 13102 DA JIOEz ¢ qRY UL

Ehe ¢ qA@@RIDPKGHql RAI YL IOnecHqVY! IOGYI qRYUIKOYNOq6 1310? IJA! WOEz ¢ qRY Uy

N6 WwWwn! Whe JOH! W IGWUT WUHWWYnWqS W RIGWHEG!I REWHAY Ut @

NI ¢ G6RACTEH! Wb RNIOWOIS b HOLW

o &

8

(]

o

2]

S

o

2

S

e

O

)

2

(a)

€
Frequency

[ RNz luplod GO RHEE GOl 3G 13t 30U q ¢ qRY UBOYH K06 R & H0 R & T BREH 0RO GV Mg ¢ hagearU
¢t ol Ut Al RAWDT IORUKq 6 130? IA! WOz ¢ qRY U

yn



7Yq6We qid Vs WeUT W6RNG WnT e JURRIIE W6 WW RIGUHq! RHEL

q6 131 UJWR We Wt RNOUR3Hc UqUT WHI Wet DWRUWRgt WaeNURqe T 1L
OION ION IOP 1O= WRNIJ & G ¢ qe | LW

P W qeqlT WeAY20AWRUHAI et RUNDWQUEaGW! ¢aqel WWs RE G W IT
q6 WWRUqUI aYaWHaGE! WnY! HIJE WE WWs Wet 30T oWl 6 R W6 ¢

ORAI Ysec20Wnl Whe JURA! WEqlls 6 RAG Wad dROAEGE BEHP RE U LIEN &

q6 Wl RNG q tOLW

9YUt Dz WUqa! AWe UWRUAI Vet WDWRUWq6 W RIGWUHEG!I RAWRY U
UWRUHI D¢t WWRUWgS WWI RUGUHG!I RAWGYH Y WneHqY! WHe 0wy L
NI WVeqll WaéecUWqé e quyY MMDFSMBW Dic+cqRYUWNI Yhe JUH! OW

OoaTaTaWYndto? D0 Rq! 1O

N6 JWl U0t Ra! We¢ qlls 6 RAGWE W ¢ G GO WWRY WGe HE T Wn Yl W RIJG

Gct RUNDWRqWEUWRGGY!I q¢cUqueayY Ut RT I ¢qRYUKOW~ Y 3WN 33U+ L

HYOGGYza Ul WsROGGWEe210W 2 GUI RY I WJEIHA Lilis RSaRiFRS2URs o TALL 2133 Likaiy

U6 ¢ URRAJ W H q | RHE WHY Uy Yojud f UsmlRet Ol RIGAGY 1+ allén(EaFlla Y WA I We 5 ¢ 1 I

5 RUOOIWRGGEeHqllg6 W Y2 daqt WYnWwe OWI+GUI RAWUGq oW
OION 1O= W~ 1J d¥ re ARG q | RAEWAI YGUI qRI1Jt

N6 DLW RJGUHEG!I REWGI YGUI qRIJE WYNWE Wa ¢ qll Re WG ¢! WHIILWG

o]

Yt WeWadeaqll ReOWRY WIFGUHqUT WagVYWAYAWRGt W q¢ qldWyn

pel

GGY!l q¢c¢UquHaY Ut RT Ul ¢ qRY Ut Ws 6 1304 TILMINE qLRIUIDAGLU 6 JIRUG RG ra

T RUGWHGI RAWGI YGUI qRIJt OLW

yp



PaTAYATIO9CE2Rq! DAl qel A¢ qRYU

9¢2Rq! WGWI qel HEqRYUWAGWEt 21 3t W 6 Rnpp &l R @ MeBEILD KYG¢ Ua
s600We U ¢AGHUWRY WRUY I qUT WRpd G MY 6 WRV LD HGE RRVUENVG L
baqYl UT Ws Ra6RUWq6 WWHE2Rq! We UT Waé IWIUWI N! W Rt + RGéa
neHqVY! WRCUWANWHE GR2 G ¢ qldl WA Ale VI gl sG6RRTIR UofLllldpdal L Y6l R

ROWI Wt YOe UqWn! Whe WOHE! WHe UWA I We MM Wq VY WIGe #HRT ¢ qldlla

. W Qw
TP W eR g

Ehe ¢ qR@@iigag G RUc qRYUY nOq6 DOl RUDGWHEql REWOHY Ut q¢ UqtOA! 1OHE 2 Ra ! HOG

7\ p pw
- 0 Wf T
U V @

Ehie ¢ qRaDWKaR4 ¢ RUc qRYUKY N 10q6 DOl BN @&EgARGROEY A IOnc HaqY ! IOA! IOR¢E 2 Rq
f qWRt WRAGY! q¢ Uqllqé ¢ a IHALERIY WLE YT o0 & LR LSy & 1B H R & WUILLELY é
He 2 Rgllal¥ikic 2 YRT Wt RNDUR3IHc Uqd! We aaqldl RUN WapEBHILRY gl RF
Rt Wadé Wt Iy OT WYl T 131 WYnWaé6 1J TN Wt ROT W YYaqWYnlWaé6 L
9¢2Rq! WGWI qel HEqRYUWRY Wt eRgé¢HIWWn Yl We W ¢ UNIIWY n wi
GYsT It WnYI WI+¢GGUUWGI Y2RIT UT WadécaqllagéJ! WI+6 RARGq LW
b ¢cOGUUWRY WaeHG W G ¢ 00 MIENFE5cII RN GAcLeRLE Yore LW ALUOINH cLPaRE o LIEOL
Gl YGUI qRIJt We !l yWYUG! WYAqe RUDT We qUe Wnds W R AT 1Jq 1J Wn
YnlWaqé WWHe 2Rq! IOWf Ul Rt Ws YI t AW RUGUHEG!I RHWGI YGUI qF

nl he WOHE! WE q s 6YR0E 6 LRI RUS| Vs Lies (T EaE 10 cLrmdaimR O L



9¢2Rq! WGWI gqel HEqRYUWs ¢t WeqRORY T WqYWl Waqll ¢ RO WA
GYO! Gt weUT WEYa! Wl t WRAGI WNUEqUT Ws RqéWYI Nn¢ URHA LG

YI NCURHIWGRHI Ysc2W et HIGqY! + Ws 6 RAG Ws 131 W Yi RT We a

oaTaY ol WEIGIDKDAT YHI

N6 IJWN@IWT wel YANWaqUHSE URe WIWRY We AG I Wq VY WHE O Ha G ¢ qld LW
HclirRadecqRUNDWa6 IWHE ¢ UNWY WRUWGSE ¢t yWwe U7 We 8 GaRael 1JLWY
qé Wt ¢ GHNAWSs Raé W It GUHGq Waq VY Wa @12 LRRE #HRi 11005 oy W =1 2318 HOLA K
TRUGWHEG!I RAWGI YGUI qRIt WYNWGecql REGt Ws Raé We W6 RNG LT
GUI qel AeqRYUAWS ¢t W6 WWeT T RgRYUe G WHRIUWI qWYnWGWEt e
b GURql 2 WYnWnl Whe 1JUikmx ARSABYS 13100 WP MML~ ¢ A LW
gUNWRYUt ql ¢cRUqWYNWaqd6 Rt WagWHS6 URNe WWRY Waqd JWGE ¢t IJWY n
Guct el DANUqAWRWRY WOWHWDE L ¢! WnY! W6 WWGI YA WY WA I

cqll ReAWs RaéYe qlugé DWG! 13t 13WBHINWYanSLEUR | ¢ W AERGAM LR 1I0H KLU R

Co

cUci!t RY INRIRWICNUIHIRINE RT WY | WNWOAWHe qt RMCORIHec Uqd! WG
WGl YAWWs ¢t WG GayvY! YT WRUWaq6RY Ws YI t WagVYWaGWet 2l WJWab L

GRHEI Ysc2WW et HIGqY! + Alls 6 RAHG Ws W1 WIWH Rve RT We q Wl YVl

qYWUI+F6RARqUWq6 DWUWXHDt + ¢1 ! WERNS6W RUIGWHGG! RAELWG Yt t Wne
OIONIOW~RAI Ysc2WWecWeqRUNWY NWAYG! a3l 4

210t GRqUWG¢ U! WGYG! G+ AWt eASWet WAENAWGYH + 13t + RUNLWC
AUORUNDW 2t HUGqRHGWWqYWIRHAI Ys¢2WW6WEqRUNW2RE Wa 6 1JLWT
q! GRHEGOO! WGY+H 4 W W21 ! WGYYI W RIJG Y IRFSWL @I IG5 IIGLR 13
GUI ¢ UWNUqWl RGYTO Ut WRY WYaaqs JRNGE T WA! WaéWWneé Hallgédca

s JRNS qAS e RUL Awe UT Wi I0Wn & ¢ & GR 00 Wild o€ 8§ 2159 1L I0wWR6 13t



6 RUT WIpilgR milg dqRY UWY n Waé W REYd It WG It WUqUWRU W6 1JLL
GRHEI Ysec2 W3 WGl AWl Wt edqRUNDWROW2 11 ! WRUWORHRIUq LG 1J¢
sUNWNY q¢c AG R 6 13T WE GGHE ¢ & 6 Lty KL BoNDI L NCLECH FRi o 653 RRIH ELLES IR ) 6 L
bet #IERPRIVIOW 2 1)1 @ MWK O W Rt gl RAe gRYUWY nlt et HIGq V! L
Héet WWRUHY OGO WqUWG! | Yi!t Rt AWY! W6 WWnY!l 6 ¢ qRYULWYn U

tel |l Yoa2UT RUNDWRY YacqRYUWY nWq6 W& | Ya! + Rt WGI Y1 2 Haqt U
AVG! G W6 E21We at VWA @S WiRS myidd T TIUEV G &R | RY sceopRd U L |
VI necUORHWE Ya2W0qt GWs 6131 WWERHI Ys5¢20W61¢ qROMMERY We b 1
EMMANE NN IJEIGICE G0N WRYOHWD!I ORUNWeET T RqRYUcOGWEEACT T L
HYG GO+ WGzl R3HECqRYUWY nWGI YT e Hqt W & ¢ RUOW

fFrucada! AWl W20aVYGaN0qWy e W !+ quaWs 6131 WWe WESYa! a1l
56 RHSWE2YRT WT WHSCOaWOUNRUNDLWY 2t HIJGauyéd g IDBIE Y & a IR ) LI

| JH! RGRUNDWY N WGH ¢t qRAEL POWNs ¥ Wa Wald Wilt Wy n We #6 RWI2RUNL

NI GG YARORY DWe Wt 2t RIIGq Y WYW RIAHE Y 8 & 8 aq YUY lilig ¥ llg dié aq L
G!'l Yi!t Rt WGI YT efqt Wac! WHPDWYEt RAG! WRY YO ¢ qlT WIJHOr
G!'I YO!t Rt W VerqYI AWaNec2RUNWG21 DWGI YT 2 HqHO

S0 URYI GYl ¢cqulWewt et AUGqY! WRUqY W6 WWGYT! G Ws 6 Rt

| JaY2RUNWq6 WWOWPT WnY! we UWRt YacqRYUW qucwIUqRI

Gq6VYenNs W6 W3l + qlt gl ¢ qlIN! WEYH 13 10 We WHGE! WeT 2
Q6 WWGYqUUqRecOWnY! WagbWWeHqR2Ra! WYnwWe UWLRGGYHRTORY T
HuEG2t WWY N W 301 ¢ FY& e (RIGHVR VLG YR WelUR (eR I8t 13 G q V1 Wi 134 R D
5Ye ol We2YRinWd 6 RIRIE ¥ O@we OT Wt WaWEqRUNDWE W 21 HUGq VI L

¢Ha Ul ¢ Uqwe U7 wWrc¢ UWHWWG! YT e ®#IJT W et q¢ RUCHG! Ws RGO G WA F

yy



[2] g6l GVl JAWRGGYARGRE WT WHeqca! t qt WeUT Wt 2t #HIGqVYI
5611 et W6l DWRE Wt RNUR3 He Uqa! Wa 13t + LGHE 0 iils alin Y |

OY2Wdq! Wet GUHqWGEt 13+ W 3t W¢l #HEWMRUWq6 R Wel WelWel T Ra

Wt 3! WAe! | RUI WagYwy2Wl AYGWWRUWaq6 Rt WGl YTUHRqWs ¢t WRI
b eHAUHE nedG! WRAG!I WNUe qUWAENLWs Ra 6 LUEHINM LS 1&d CCLlE G 1J LW 2
GYG! G+ WeqWaRGT WaqWGGWI ¢qel Ut Whet Wt WRalle UWRT Wé o U

RGGI INUE qRY UOLW
OIONIOMNWEz2 GUJI HI RgRHEAcC G W9 ¢! HYUW?2 RY+ RT LW G C

sUUWYNWgSWWRYGAGYUWI Ye qlt Wl Wd & 0 RR G &I01006 ¢lGR ¥ O W¥o'h
b GUARRUY Ws RaéWe UWeT T RaqRYUcOWT Wt RI ¢AGNWG!I YGUI q! WIJK
YnlWagédwnactt Wl ¢Ut RQRYU WG GUI ¢qel 1JOW

faGlI INUCE qRYUILYIR (g AMGY 0! bl GulJA-64R UG R ¢ @ ¢ Hilc 1WE & & B LY T
ROGI JNUecqRYUWH qal Rt WYAHR-NGIHRY HBR O HYh &Y 0 £ gRWE! UD 4
TRt GUI F DWHG2 JWe UT W yaaYswi! Wt WRUVYLWe W YaawWwynWAENR

T UWe Gaqet DWAVRUNDWHYUZ1 G 1IT We ¥ Whue ¢ UqR3 T WAH! WOEé W C

E+HUGOUUqWact t Wal ¢ Ut GVY-Ki@ IRRHG WC 10 RY 0# dlind dy 10 TLLLG & (DI $ §
t 2GUI Al RqRHC O W] 2 RT kt W6RNSWI Roget R2Ra! We UT Wa6 W 5 1
GYGUAR2GUWRUqY W8 WWGYGH! Gl Alls 6 RASG WRY Wt 6 Ys UWANG Ys U

chuellYet WREGI WRUeu RY UWwa T Re G

20W] BHH0g R T RUT Wad DWW UHqWY N W H@EWEGhe r JWEUWLRIGIURESHF
nYOdYs Tl WA! WARYAGGeE! R YUWs Rqé We Ue hue 1I3Y 2 Ml W+ qld & Ws 6
#YUt qeUqWUaqlaGUl ¢agal WWerY MU W9 we UT WNMMUP W9 b Weé Wt RN
s60WGH Wt el WWseét WRUHAI Wet T Wnl YAGWNTZWAE! WaVYW=ANLU

Gl Wttel WWsct Wnel q6 131 WRUAT 3¢t 13T Wadell IIMPRIDALE | ! koLbel Blpe!

y ®



sct W UHEYIT Ul WeqWNTZWAE! Ws 6 J0Wq6 WWaqlad Gl ¢aqal IIJWs ¢t
eGacect UDWs et WHYUL qeUqllec qugé WWas YWaqad Gl ¢qel 13t Ws 613U
¢ AY 2 1oL

qWHYUL qc¢UqWUqla Gl ¢qel DA LLRRE G ILRE B0 1Y 2d) dlid G LK Y 1 2 16 1d
qé Wt 2 GUI Al RqRA¢C O W] 2 RT WAH! WRUHI ¢t RUNDWRat Wi WOt Ra!
et WHXIXUOUW yu0WagyYw T e #PDMAEU6 B IIMUY & 21¢ (R UD BIE§ KRN U WR 0 i
Hc UWHWPWY Ot WaqWA! We WHY! 1 3t GYUT R odpdlREEWIDG 6 ¢JUHRIDIUG Y G !
T Roe VGUXR OFIT et WWROW Yaz2eqRUNWGYs I Ws 6 130WGIT 13t
t e Ht qc UqRec O WREGI Y2UGWUqUWRUWe Gget IWs 6 JOWG!T It t 21 WU
AENW s WGdRUNDWe UOT W ! JuWt YieHRGRq! Ws ¢t WHDG Ry 3T WaY U
q6WWERNGEIII WGI Ut + el DWelZANWAHe ! We UT We HY2 Wb WRY WAHNG R

t 2 GUI A#I RaqRHc O W YaeqRYUWs ¢t Weal WeTl ! W ¢cqel ¢qll Ws Raq

N6 DWW R G+ T Wl ! 3t Ws W Jwags JOWRAGGI WNUeqlT WRUq YU
AYGGe!l ¢cHOUWI ! JWe Gqet WWRUWe UWe e DYet W !+ qlld AWRaLWs
¢t Wwel T RUNDWE W Rt GUI+ RUNWE NIIU qalnl¥WwsIddd 1211 kol e U Wich 21¢ RyalJRY

Ys Ul WaqUWaGUl ¢qel WAWEUT Wt RAGGH IEGIURYGIE BN BE &R WA 6l i) RIE &

o]

TRt GYH UWYNnAWY! WRGGBE U8 EaRY Oeplll WGY ! q

Wt RARGE! W qel ! Ws ¢t WdaEDEHDET O a8 iy ¢ NCell(AN! Llgir6ReHoE LU o] GRILLLL
Do RARNUqWY nWaqd JWT ! JWs ¢t WIU6¢ UHPIT WAH! WNWqYWOoWY! T 131
Gl 3ttt el ywe U7 Wa W4@I0 NJd@ a1 RUY il XS 8J 1JU WNP Mg Y W= P MLWH
| 0t GUHqQqR21JG! OW? ! 1JWe & apdItHIdLLsY oGS I asokd & NOLG NG s afidie g O =13 G |
eGacect UDWs et WYURWDIWeNe RUWE qal RA%UILAIRNKIG S DWGH ¢t q RAR
ucAcHI®RE e HO W WaqYWwe UT I q¢t 13Uk d 11Id) AUAIEINGLEAD W W0 oy 104 Ry 18 Y

HYUnY#rRCcOWAcGcUW GUHaq! Yt AYG! WHYz Ol WA Wzt UT WY WAHYa



q6 WWEYGH! G AWet Ws WadWet W UCq6WGE!I Y3GRUNWHAYUZ1 GRUC

b el ndHIJOW

§URNVUWq6 VWG| REERGUN WY q BRIV EBUY n WAENWGS ¢ T WHIWOWGI Y2 130U
b el ROt dllnel q6 131 WRU21Jt qRN¢ cRRINAH IR BAR ¥ HIH ¢UIY In Rl 6 WalY U
RGGI WNUecqRYUWG!I YHIUt + AWRUWGE ! qRA2 G ¢l W6 Ys We WNea 13t qlU

teGUI HI RqREcGWe OT WEYG! 11 WG6¢t 13t 1O
Wt 2 GUI HI RgRHEC GWRAGI BNUecqRYUWH !+ quaWHe OWAW WS Yer

NING WNz 13t qt GUHRIJL AWt e ®#G6Wet We Wl ! WAWE WGt qRARY |
SHNG WG Y qlit GUHRIIE AWe WEGYa! G WRUWq6 13t WWI$¢d Gl
GYd! Gl WG6¢t WWs 6130WT Wt #l RARUNWGE! qRqRYURUDN Wi b

OKNG DLWt 2 GIJI HI RQRAC O WGGE ¢t 1JHOLW
N6 JWRGGI WNU¢cqRYUWGI YRIJL+ WG¢! WAKWHERY UL RT 131 3T Weét Wny

NIKAI Uttt 2l Rt cqRYUWYnWgSWWece qYHRIC2DAWEHAYOGGE URWIT L

S URqRcEOWI Rttt YieqRYUWY NnWNez Ut quWt GUARWUY WRUqY Wq6 |

O Y2WGNU0qUWYNnWgd WWNez 13t qt GUARRIJY Wn! YO Wagd W 2 Gt

¢cUWYhe RGRAI Rz GWGYRUQqWRY W e HGE T

NMKPUGI Wt t 2l Rt ¢cqRYUWYnlWg6éWDWeeqVYHTCE21
Acl qRqRYURUDWI It #I RAY W6 Ys We WNea It qId YO WA GIWGY 2L
q6 W6 Yt qUWt GURRIJY Wel[ RNWOKT b OWNS W3 U¢ b WIhe RGRAI Re
GYGOGUA2GUWY+ 6 RAR q Mo YUIR B 66 Y i 6 R VA Il G dlap 1Y KLIC KD qp 481! Wiy 6 13 Wt Y ¢
YT Rn! RUNWq6 WG Ut +t 2l JWeUT WaqWadGUl ¢caqel DAWg6 11 JA! U
HY Y020 Uqls 6 RAEG Ws RGO W2 ¢ | =il G WHIGHE ¢ 10 TR ldj d) YOI d 211 10 HR W dik
ROGI WNU¢cqRYUWG!I YHIJL F WAH! W DaWHqRUND WeAUGT 0@ AwWmwe U1

5 6 RAG Ws RO G LN RIDIRERILIGK WinR @ Re 0 LR Wa 6 1JWE6 Y1 oFME6 ¢+ I WY

G ™M



O
O

O

[ RNDe luDBD® g I ¢ qRYUKY nHOc ION2 It qtot GIUHRIJL IOGE | qRqRYURUNIOA I35 1313U 1O
To?Rtt YieqRYUKYNION2 13t qtot GUHRIIL 1081 IT R IORUIOG 6 IOt 2 Gl Al RaRHEC
Yaleldt qlot GUARRIY 0Ge |l qRqRY U 1OA W s WU U006 IOt 2 G| HI RagRHACE G IO Y

NYwWweOT It q¢ 07 Wagswwt WY Ol Wt quGWYnWe W 2 GUI HI RqRHCE T
} GUARIJt W6¢t WaqYWAW Wz ¢cUqR3I VT Alls RES WS ¢t WAHRKIUW YUL
P AoOWSE I RNDRUC O WU+ GUI ROEBU G We Y UWRU G 0 UEIR o @I EEG6 R 1J
YA RUOUDW qeal ! WYnLWaé JWREQH D GdJdprnY (W @IqY # 1BAWNLE A0S Gié Y |
| JEYI T T WnVYl We WGE! qRHA: O ¢ | HRVeaXl TaUlefioYd QLR T UDHN GRS ¢ | YIdT2
RUWE WHEGRAI ¢ qRYUWHR2 | 2 ¥ MaR ML 6 0WE B EYILR 0 R R # 6 & Wy g F

[ GVYs WI+GW RAWUGQCE SR LG GIH Allds6d 17 21wl WY Ugce RO WY

D

by RiRaq! Wr¢ Ul GUIRIULALIGUS Y OWRRRYd 10T ALAA VA6 1 Wa Y1 D WGI

=]

e

~ -

nét qul WeOT W REGEI WaWet el ROUNDWY nWI ! Wt Yae ARG RqRII

IR ERNEE kel

Ot DWYNnWaet + W Vs Widd gjdd el sIR{HGRRONTILLE ik B 0 Rlemyel IR Y n L
T WUt Rq! WeUOT WaqWGGUI ¢aqel WAWs Ra6 Wadé We T T RilgR ¥ RMIM We U
cMl Wt UYsUOwWe aVYeUqWYnWi ! WWs ¢t WGHHE # 10] MR (DI dLd 1810 3 @ 1N HAc
q6 Wt Yie ARGRq! WYNnNWq6 WWT ! YWHRY2 ol WAKIW WqWl a ROJT WA!
ql ¢cGWNq6é ¢ UYTb WGH AP T GHIHond 1YW Yol 1B0gulA ! Wo é

NSWW ¢ GuWNl YeGWagéWUWHeE! | RUT W6 Rt Ws YI t WnYl s¢l T wel
T 10t WRGNHLIHS § He G ¢ q lIlg RIBIRG O I dUR ap RN G WIRY WRG Gl INUCE qRY L

qla Gl ¢qel It WeUT WG 3ttt el 3t 1O



N6 DWGe | g R&RRUOLIBALWSs 6 RAG WRY LU W0 LG & e O d) WWILE djé VT & W0 @l
Hecl#HaOGcqll WA! W R2RT RUNWaSsIWHYUHVDURO S R0 YR Mg QU
g6 lWRYURVDUql ¢ qRYUWYnWq6 JWNa 3t qlt GUHRIFHANR U Wa 6 1J W Y

1

€ &€ WwQE 06l 'O WS | o
WE & 0QE 08 G WRBO N Qi w B

~

Q

Ehie ¢ ap@@G 0 q R REABHIND q o c iRz ¢ qRYUp
[UMMEMUA@UTmVemmiaGUIHIRmRHCGmT!UR&UWWMMN&MM&Hm
qla Gl ¢ gie¢d MUNHY VA WS Ra 6 Wa 6 JWRYURDUq! ¢ qRYUOWY n Wi ! 13w

O¢ Rt Wt GUHq! Yt #YG! Wet T WRUOWqe UT 3G Ws & GYE OMIC GRAI ¢

N6 UWGe! qRaRYURUNWY n W6 3WI ! 13+t Ws ¢t WnvYe UT WqVY WAHDWE Y
NYMWA¢e ! AWROWe UWRY Yq6 Wl Gdeawt '+ quaAawldyYwt RNUOR3HE UqU
YAt 31 21017 AWHe qWd el RWWRUAT J¢t WEWNRIRLIGEE DIDGEE |adRFY dJRINEY R
b JWUWNG WWee q6 VY1t Weaqaql RAz qUlWaé Rt WY WaqdJWIU6 ¢ URIT
AFAcet WWYnWe W aql YORWI W N1 BUWYnWGHact qRARE ¢cqRYUAU

GYda! all wouw

N6WwWI+quUt R21WWs VI ¢ WHel | RUT WYe qwYUWt e GUI #I RagRHECE T L
sRa6WeW ¢cONWWYNW RoWI WUqUNe 3t qlit GUHRIIt Ws 6 RHG WHY 2
caqel ¢caa! WYHHeI | RUNDWec UqRY+RT ¢ Gqif G BIZ 02 WA ¥ i 1 fuc
terANttnedd! WRAGI WNUeqlT WRUqYWAERNOAA LIS &g Y WR G G

AENWneHAHI RELt WEc20WHIKXOW 2 AHIY t ned 0! F@WET WHO dlg 13T Ws

D

v

Py
Co
Co

RIRt ¢cqRYUWYnWe UWNIGY+! W GUARRIJt Ws=EFRBIG HHICt WRqt
ROHRHAW LW 6 1JWG We! Higldd | URscRiqUdAU cYIER q RIJt OWo RUAWY # RT Jo AE
NUOWI ¢ qUERLAC LY HOEqRYUAWE U7 W6 3t WWI+* 6 RARqWE W GUHGq

Gl YGUI*qRIJt oW



OWNKPIW RGOt We Ul WEHTWHqR21Jt W
N6 WY 2131 ¢ tsivlld RURWINIHARG WUH 6 ¢ Gald| WRt W6 JWRT WUqR3 HE q
bet HUGqY!I AWe U7 Wt e AHDY Y nedd! WRG G 1) kg B O WHE RA BN e

T RUGWHG!I RAEW 3t GYUt WWs Rqé We W2 RIs WagYWRAGI Y2RUNDWRqt
ECUHRIHWUI+GCWI RGWUqCOTWYATUHqR2 It WEl WWet WnYddaVst a

NIKO T WUgqRn! WeUWYI necURHW GUARIIt WEHIWWaqVYWHNSE ¢ 2 1JWe
t #9@UT WAENWs 6 RAGWs ROGWIUECHIGUWWRat W Rttt YieqRYUL
Gel qRqRYURUNWRUqY W6 WWGYdO! I WG6¢t I

SKEe AHIUtt nedd! WRAGI WNUec qUWAERNLWSs Rad We Ule GGl YGI R«
AYU3T GUT WA! Wwacett Wi RoWI WUHNAWqS6 Wl dedaweUed! t RE L

O U2t qRNE qUWqé WgRE It HRUBLREEMR RS IJNUec qRY ULWA!



P

OMEUG )l RGWDUq@ed WAL YRIT 21 13t W

OMMIYNI e HRGRq! Wt qRUNWY NWEI Nc URHWE:21t HIJ
9c| HYUW? RY#RI J W

gl NcURAWY 2t HIUGqY! WH¢ UT RT ¢ qUWeiMIOP WNb Ws ¢t WeT T T Wa ¥
2RIs WHIJGOG WeNMMLLIG x b FOWN 6 17 A2PAPIILSHLA H 13 CLLIC LaysLLe Y LN HE A Lbayl 137 135 1JLL ¢ F
56RHG WG INIWHIIG G Ws ¢+ HIRK @I R ¢ DI Brume o oRoRRYSGe0 Bt W9 §

q6WX0WeT T U7 WagYWqYGWq6 WWGI Wt + el Ue GWq VY Wa6 W 13t RIWJIT

—

et HUGqY! WHe UT RT ¢qIt W R+ Ya2UT WRUWg6 W 2 GUI HI RaF

—(

Rtt YieqRYUWI RT E AHBDI Udls d b WY ®ME&E ] AlYs I JT We UgqR

—(

33007 Wet W6 WWHGYeT WEGYRUqALWSs ¢t WYHAL 131 2137 oW

O=I=WE2 GUJI HI RgRHAC G Wf G Gl WNUcqRYUWYn WA
8§l DcURAWE:z2t #IUGqY!I W9 ¢ Ul RT ¢ qldt W

AYO! Dgé! au00Wqll NG6q6¢tc¢ qlWuMIOP WNb We UT Wwe 0wyl ne UF
Gic¢cHUT WRUt RT 1JWaps 1J WY & la) 1Y 1l L& op VLI G RIDIE L = MWG x b Als 6 RAG
ceqYHIC2UWs ¢t WEBPWAST HIHR q HI LG GdldU qlid 1&ddd 18 Taldd YIEdqs 13 Wi
qla Gl ¢qeal IJWb OR @GS IBY @ RUYI FROVIP Ohl Qldb o dhuid YR LG, AL T G R q) F
q6lU0WeT T WUT WaYWgéWWeeqYRIC2WIWaqVY W D¢ HS W6 W 3t RIIT
Gett T AlWlgé W6 e q R U NIEIgs$e T WedXomRE! cUsiv1dd A léqUsT 1eRs0 q 131 U
qélWeceqYRIC2DWEET W WeHEIT W=P" 9WNGVWAENLWZ GG Ws ¢t U

cUT W RUYt WT Ws R W DRYURY DT Ws ¢ qll WagVYW KaY2we 0! Wyl
O=IOW9Yec+RecTOWAI YANDW?RUIGWHAG! RAW~Jct 2l |

Uw NRIWUqUWYPMTMEWGERNG WG Gl ¢qel WWHRYCEC*FRCE O WG!I YHL
Hc Ul RS MUEXGEIWIt Ws I DWW aqlY Ly MqRY B0 6 &4 &Il 1JWR

RUAI 1J0 IBBcR ABllcaep I WT RIJGWUHG!I RAWG!I YGUI qRIJt Ws 1 JWE 3¢t

Pp



2 U q RO dLig R84l Wa 06 G ¢ qRIRBhS o) UWA ¢ w6 ilug s Vi R O BUGHR 0
He U7 RD ¢ ql)
O=toMNWc WeqWe UT We YOl W9 ¢2Rq! WAl gqel HE qRY

EcCOGONt WYNWWRGS I WAENIWSZ GGt WeMIONLIN G WY W Y& RT WY1 D¢

—_—

RUDGUHq!I RAWHY UL q¢ Uqe OT W RUIGUHq!I RAWGGYH Y WneHaqVYI WG
5101 DWEWEeqlT WRUW=MW 9WRUAI BGWUqt HAGW GG b ¢l RG 2 G U

Jet el WGUU0Uqt Ws I DWget JOWe qWIe H#6 Wqlla Gl ¢qel DWRUHI

Co

AMRUNDW Reqge qlT WA! W Wi Wi qRUNWEYRUqWRUWq6 WWHE 1t 1JLU

qé6WWHet WY nWwWY!l n¢ URAWY 2t HUGqVY! WEe UT RT ¢ qlJt oW
O=IOPW?! UcOGRALW9IC¢2Rq! WAl g2l HEqRYULW? RIJC

Ec OGOt BIY BANMEOWMIWLNGL W6 ¢T W6 IRI W RIGWUHqlI RAWHY UL q¢ Uql
caqWl YYOWqUGGUl ¢qel DAWE Nl Ws 6 RAG WaE 13! Ws 131 1JW6 3¢ ql
TRUGWHGI RAWG!I YGUI qRIJt Ws I YWGW¢ct el DT WHYODGRRE FEIE §!

GYRUqUWYNWAENWGSe¢T WARXKUOWI W3¢#HGIT oW
Q= WNEWI GYNI ¢2RGVql RAW Ucda!t Rt WeIN] ¢t
AENWH ¢ G GO Ws I WS WeaqldT Wnl YaW YYGWqUaGUI ¢qel WWaV

YnwUORaql YNRWUKO

rr s

O=TW?Ro I WUqRe¢ GWEHRe UURUNDWOcaY!I RGIIql !

AENUW ¢ 0 GEVEWBTIWOMT WHYYOGUT WerH! YL We WqRWGGUI ¢qel LW
2UT Wl wewrYUt q¢c¢Uquj YsWYnNWUORg!I YRUUKW7 InY! DWHWNRUUF

HYYOUT WagyYwMur owe UT WedaaVYs Wl WqYWIhe RGRHI ¢ qlWn Yl WNNM



-

oW e I RHW~JHESc UREHe G W Ucd! t Rt W

AENWH ¢ G GO Ws 31 DWEWeaqdl Weqlie W ¢ qPlWynwo” 9ot ROWROU
avyTl wouw
OK=Z DD WE G ¢  GUUDcplEMFLR F & aqaqldl RUNWLE AEo0i AE

b=

ENLW ¢ G GOt Ws DANYWE e 100 4 WH eldHR FilpceUgndd IBIHALE 8 6 alg OT RIS RIL
blE i Eo RU NGB! LIEYVIVMHIMM N LU ¢ NI ©REIEIZI U 131 n! sl LINGIOGIRALS HOE RLLE

Al ¢! WGEE Y qV U R Byt WAHALEPGLE 101 Ws 131 Wweplé D WHOGRIRO & R



OWOWAIt 2taqt We UT W?RY Aet t RYUH
OBONIUIIUqR3HEC qRYUWY nlWec WEe Rqec HOWIW?2WINI ¢1T ¢
fOWYIT U WgYWIU6cecURPDWaSWIWI RUGWUHG!I REWGI YGUI qRIJt WY

b HEB O GlI WNUecqRYUAWE W INI ¢T ¢cHONWWORAI Ys¢c2DUW et HIGqY

NKPRt Gic! Wt eGUI RY! W RUGWHG!I RAWGI YGUI qRIJt WqVY WAET
tue¢c UqR31IJt W6 Ys Ws GG WE WG¢eaqll RedlWs RGTWGEIIE qWRULWE I
CKE+ 6 RARMMIO S#ARBRIR! Ws 6 RAGWs ROGWIUE HGWWRat W R+ Y
¢coORURq! WnY! WAENWqYWRUECHIOWWGE! qRqRYURUNWY 2 q WY
~¢U! WYNWag6 WWAERAI Ysec2UW 2t HUGqVY! + WYl WHEqed! t qt W R
AUDYOGRqUt AWRI YOWY#RT VWGe |l qRAEGIIE b Wel JWRUOYI Ne URAWRLC
FUORWOWRUOWGRAI Y5 ¢2WWG! | Yi! + Rt UBYOHUGY @ Wilo IRBI ¢dLLC W aUgLd 10 U

et HUGqVYI + AWY!I Ne URHLWE GUHRIIL Ws 31 WWRT WOqR3 1T WEt WE U

NYWIOt 2l JWagd Wt W 2t AIGqY! t+ Ws Ye Ol W6 ¢l IEIC 1DMIIG dRYa G
GYOYGUIt WYnWABSENMOBIWAWE DWW BaWEqUT Wet WGYqUUgqReE
} GURRIHcCOG! a lWalls WIGIE aqd ¢ @i IR G BRI #HINNGALL AR Top 1E NBGLS q 6 ¢

¢ UT WsNF#sc UIITpR ¥ 6 Wi NIR B WO HOY b 1O

hy



PET

HO,

on NN

OH

EG

TPA

/\/OH
(¢}

[ RNz lUD®OW A4 RIOCE GOt gl 2 Hageal It OYNnOYI D¢ URHIOL 2t HUIGqY! toR¢ O RT ¢ q 3t Oq |
GRNFcUNTRYGIORTBEH Y+! Dq6! 0 i@ BNEHO® 16 O & g IOIoR ¥ 6 B 10g 0¥ GH IOt ql 2 Fq
t RORGCE!I ROqRIJt tOs Ra 610t et HIIGqY!I toR¢ UT RT ¢ qldt gto

N6 W RIJG IJH G leRHLILIEGYEDI Ll ¢ ROIGULLE HKynRiti 16 00 Y 1LY & w#edy e 10w A9 We U
5101 DWYAqe RUDT WIR6 I WAH! WEWeaqe UT W6 Y fcl? IHHLEYA Rl ! WG|
HYC+RCOWG!I YAUWs D! GROIWNG! H#Y OB dG VI ke & WILLR TR ¢ 6 10 1dj 3
HYOGe |l VT Ws Righ LRoPEHBIREEKDFRONEBOLLO 1O

N¢ HERNGBOGO! Wadcaqlle qil YYGWqUAaGUI ¢qel WALWCE GG W6 IJWGY ql

TRUGWHG!I RAEWGYHY WneHqY! WNI Deqll Wgé ¢ UWAENLWA! WN Wq Y U

NA WRt WeUWU+HUGqRYUWqYWaq6 R Wet AW It GRaUW3 2 13WI WG
I OEY!I T 7T OWNA WRt WeAGWWaY Wz 0T W1 nYWwew ¢0nUwYnwRUq
AYUT RUP MG HREIRUNAWNR2 RUNWI Rt 1JWd ¥ tHof Bl dRUABS 10 LU GLNYH d) 4J0 dJd
Ul DWaécqllgé R WY T PJT W ql edagel JWRAGUT 13t W2RI qe ¢

ORHI Ysec2W3 0T Awe UOT WNA Wsct W1 YGGUT Wn!l YalWwt et #IIGq

b Ws PJadWet W Rt Gace! RUNDW 2GUI RYI W RUGWHEG!I RAWGI YGUII

GYqUUqRcOW 2t ARG H NIy Blbi @ & B NFANGAGEITICR YUI WigR IRIDIIH q | R # L

afed



i ROMEBL R PHUOGAN LT RIJG I H o | RNE WG Y ER0IGHUEDHONKLL aLéHI) FRI NLHOLLID HEN H ¢
GYRUqt IOWRNG W ¢ & WWg!l WOT WRt Wt 3I0Ws 6 30Wa6 W RIGWIHq!
bi [ R MIOWE FORBIOW@IPN ! G WUIWNG! #YaWwl WavYOt ql ¢ gl We W e HE L

GWYq6 Il Wieaqldl Reat Waldt qRlT AWgé IWI RIS WHq! REWHY Ut @

[emi

¢
GiYaqaqll Ws Ra 6 WIJa@s! LTbiI) GRIIHS[CER@NS KA Y R Bt Houlo ¢ RU Ws Raq 6 LWaq ¢
NG! H#YO LW W L G o iUE NitiRepplal 1t E Nt T RE S E Wn | YMULLR IE BB HONR 1D FOLL:

¢ UT Wbl [MRNIOWOION

b WeddWgé Wt JWRYSGGY2 0T+ WY Wt WelWnel W Gedaldl Wiy
ne U qRYWecGHUA WRqWRt WOV qlt el GI Rt RUNDW@6 13! Wel 13Wa vy 13w

GUA6¢ URY GWb[ RNIOWOK=b Waé ¢ qUWAENWRt WindAWU+FGi¢ RURUR

151

t

PET
Ethyene Glycol

— Bis(2-hydroxyethyl terephthalate)
107 .///.—-\‘\’\- — 1,6-Hexanediol

'

0 100 200 300 400
Temperature (°C)
[ RNed@@®® 4 UHql REWOHY Ut q¢ Ute ERIqlOd 13 (Ehafiengie oM@l E N o+ ! Ugqdé! G/ to
qlll UG6pEE Mdddd 61 DIt 2t HIGqVY! tOR¢ UT RT ¢ qdt Ol Ja VYUt ql ¢ qltoctorY Ut R
AENIKOY2 Il IOq6 1010t g2 T RIT IOqUG Gl ¢qal DO ¢ UNPJIONY ! IOq6 130G IIet 21 T tonl |
qé G ecU2¢ctallg

cu®ct 21 JT IOA! IOH ¢ 2 Rl IJOC 1211 add | HFHA aGHEYY (& I9HaOIOHBDGH K H 1J 1O

Man



~ PET

4 - Bis(2-hydroxyethyl terephthalate)
-~ 1,6-Hexanediol
3_
D 9
1_

O--n-rrrrn-l-rrn-l-n-m-rl-n-rrrm-rrn-n-n-nj
0 100 200 300 400
Temperature (°C)

[ RNz IZHB@GDETTII Hal REORY Ut q ¢ U b Hepétdap | U8 (IRIRidig! 211 11I%G 'n IR E! NIOI3OR &) 6 I0G 6 q 6 ¢
6! GRIUIONG! #HYTIOY A Rqaldd 20q¢y AR Ta BN HIRRI @12 I 1 |¢ Y IHE B N 400RIQI Y1 oA ¢ |
qé6 13t ecUo2cielln

cUdIIct 21 1T IOA! OF¢ 2 RADIIOC 1211 ade | HFHd a@EW (& 19IaHOMHOHBGH KY H 1 1O

4 - PET
—-= Ethyene Glycol
3 - Bis(2-hydroxyethyl terephthalate)
- 1,6-Hexanediol
o-D 2_
1_
O_

0 100 200 300 400
Temperature (°C)

[ RNz ITHBGMAEITIIHa | REG Y1 t KD 'c NG IS 1! D) iNBoG ¢ dGrEtiilB Mo®R T 8 W+ ! Jqd! 0 R KO
qlll UG6 ud@ Wdiddao | DIt 2t HIGqVY! tOR¢ UT RT ¢ qdt Ol Ja VYUt ql ¢ qltoctorY Ut R
AENKY2 I IOq6 1Dt gqqe T RIIT OqIG Gl ¢ gqel 13Kl ¢EU N IVHOMYA ¢HOg GARKOA 1ReH ¢aa)l 11304 Hgire | Ul
q6 G NcU2¢ctellg

cudIICct 21 1T IOA! OH ¢ 2 RADIIOC 1211 adel | HFRd afFEW (& 19IaIOMOHBBGH KY H 1 1O

MM



1.0+ - PET
- Bis(2-hydroxyethyl terephthalate)
-~ 1,6-Hexanediol

0 100 200 300 400
Temperature (°C)

[ RNz IYHIBGMAEITII Fa | REIOG Y1 + 10D Hdy BOH kD@ ic HOBEIIIR RFaE! ¥ of Y130 U q 6! 0 HODq Il IG6 q 6 «
sRqé6OUq6! aUUONG! #Y O OY 0 Rapidd idqROFCAEINIRIIR GARIG K It qd 1A EINQH KB 10T e | QIOF
I 1Yl OYntogé Dot e Uto2¢c e g

cudIIEt 21 1IT IOA! OF ¢ 2 RADIIOC 1211 adel | HFRA afFEW (& 19IaIOIOHDCH Ky H 1 O

0.51 - PET
-= Ethyene Glycol

0.47 — Bis(2-hydroxyethyl terephthalate)
— -+ 1,6-Hexanediol
)3, 0.3
C
£ 0.2-

0.1

0.0

0 100 200 300 400
Temperature (°C)

[ RNz IGMBRALITII Ha | RHEIOO Y1 t HOd@EnUaeadl ¢p8 + oMHIIcD® ¢ BN o®et e v

1T 1 Y+! Dq6! O ooy ldlGIB0EHdE d dJdIa e DHEIIIGqY ! toRe UT RT ¢ q¥i2 00 ¢Jd o 1Ok Q10 & Id # ¢Oic |
| 134 GROGHIID Oq 6 ¢ qtOY N IOAENIOY 2 1J1 HOq 6 JKOt qqe T RIIT Oq G GUIEE ¢ &Il 1B08AIc ¢ U 1BaJ ton v
RUT RAc qUIOt qc¢UT ¢ THOKI | Y1 IOYntogqé IJtoa 13¢c Uto2 ¢ tie ldg

cuU®ct 21 JT IOA! IOH ¢ 2 R IJOC 1211 add | HFHA aGHEYY (& I9HaOIOHBDGH K H 1J 1O

M H



0.4- - PET
- Bis(2-hydroxyethyl terephthalate)

- 1 6-Hexanediol

0 100 200 300 400
Temperature (°C)
[ RNz IXHBGMAEITII Ha | REOG Y1t IOdENGOEEN R ¢ Rpildrftns & q ¥ B0 0 qé ! 0 Haoqlll IGE q6
sRaq6OUq6! aUONG! H#Y O OY 0 RopqHdd (o RO FoA BN HRTIHR| QORI Ho@ oY d HOBTEIRQBRYFSC AN q)
I 1T YI tOYntogé IoG e Uto2 ¢ iia g

cUdIIct 21 13T IOA! OF¢ 2 RADIJOC 1211 ade | HFAd @EW (& 19IaHOMHOHBGH KY H 1 1O

N¢ Ao ooy Y1 G Gl ¢aqel WOI RIGWUHq!I RAOEY UL qec Uqetod Yt tone Hq VYl t0c UT K
tet RUGqY! tOoR¢ UT RT ¢ q3t g tof qtore UIOR IO WU KOG 6 ¢ q kO¢ G b KoY n g 6 130G Y q 13 U ¢
HYGGe |l T 10q VY I0A E Ne 030 a@CKIldiof d a0 IRGUZ KD dac¥al YVY G IOq G Gl ¢ qa | e Ol Rt G
Gl YGUI qRIJt HOE YZ IO 9 etOY g Xi O] c AR g

U ct 2 1IJT IOA! tOFC¢ 2 RIDIVEOG B | B IOAE KR Y O $ORDBODIOA | Y A 1

=~ - =~

Compound K K K tan®
PET 1.25 6.19x10° 5.00x10°
Ethylene Glycof 13.00 12.70 0.98
BHET 1.56 3.51x10" 2.26x10"
1,6-HD" 1.42 2.77x10° 1.87x10°
TPA 1.52 negligible negligible
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