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In this final report a survey is given of the various phases of
the development of a UNIDO/VUB-process for the pyrolysis of PMMA,
conducted in close collaboration with SRRUC.

After a literature and patent survey, experimental testing and
a preliminary desijn were conducted in parallel. On the basis of
material and energy balances several alternative designs, involving
directly and indirectly heated fluidized bed reactors were
compared.

Although it has been shown that the new process features a
superior yield and monomer quality some factors remain open for
further optimization. Moreover, once that the pyrolysis plant has
started up succesfully the constructive comments from the
UNIDO-expert can be used for improving the environmental, safety
and product quality aspects of the other divisions of the j.ant.




EXPLANATORY NOTES

The followinj abbreviations have been used consistently throughout
the text.

Abbreviation Entity or Material

MMA methylmethacrylate monomer

PMMA polymethylmethacrylate

PE polyethylene

PS polystyrene

PVC F2lyvinylchloride

SRRUC Shanghai Resource Recovery
and Dtilization Company

PRC the People's Republic of
China

VUB Frece University of Brussels
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INTRODUCTION

This project is a direct consequence of a former
UNIDO-assignment, directed bij Prof. G. Patfoort, and devoted to
the recycling of mixed plastics. During this mission in Shanghai
(from August 23 to August 28, 1985) a need was identified to
increase the yield and the purity of MMA monomer, obtained by the
pyrolysis of cast PMMA. Also, the environmental and safety
standards of the plant had to be improved.

A literature and patent study was conducted and after
calculating some materials and energy balances erperimental testing
using a fluidized bed reactor was initiated.

During a first wvisit (from 18-28B July 1986) to SRRUC
(Shanghai), dedicated to the PMMA problem, the plant was submitted
to a complete operating, environmental and safety audit. It was
concluded that numerous features of plant design and operation were
to be improved, in conjuction with increasing product yield and
purity. The latter would be obtained by converting to a more
modern, continudus technology, developed with the aid from
UNIDO/VUB. The design requirements, desired by SRRUC, were
established (Mission Report of August 1, 1986 in Annexe A).

Advantages and disadvantages of various process concepts were
evaluated ¢nd compared. A fluidized bed system using steam as a
fluidizing agent was ultimately selected (Mission Report of
November 15, 1986 in Annexe B)

In the meantime, SRRUC technical staff had experimented with an
own, tin-bath technology. During a second visit of the
UNIDO-Expert (23 December 1986 - 3 January 1987), taese tests were
continued and critically evaluated. Moreover, thanks to the
diligence of SRRUC-staff a short full-scale experiment using the
ancient cauldron technology was conducted, all tests being
evaluated gas chromatographically (Mission Report of January 5,
1987 in Annexe C).

During a final mission (from 14 to 28 July 1987) all aspects of
the new UNIDO/VUB technology, as adopted and co-developed by SRRUC,
were discussed. Full agreement was reached in the design and
testing of the individual parts of the plant, which has a more
favourable situation from an environmental viewpoint. (Mission
Report of July 31, 1987 in Annexe D).

Finally, the experimental results obtaired at the VUB are
briefly discussed in Annexe E, whereas the results obtained during
the second mission in Shanghai are treated in Annexe C.




It is desirable that the collaboration between SRRUC and UNIDO
would be continued. The direction and management as well as
the technical staff of SRRUC have proved to be industrious,
competent, realistic, flexible anc keen to improve the 1local
standards of technology. The best way for achieving the
latter purpose is by promoting joint, UNIDO-sponsored,
projects, based on local needs and ideas, and technical help
and advice provided by UNIDO.

After the su@gessful conclusion of the PMMA-pyrolysis project,
it seems worthwiile to tackle another problem, which is
similar in nature, but involves a more complex technology.

The problem can be defined as "Improving the SKRUC-technology
for the steam hydrolysis of nylon-6". The process has been
developed by SRRUC, with the aid of East China University.
Patents have been applied for the prucess.

As a course for further UNIDO action it is suggested to:

- contact compaines involved in caprolactam production
and purification (I)

- optimize the reaction conditions on a basis of
fundamental study (II)

- conduct experimental test work (III)

- improve the auxiliary operations (IV).
The latin figures between brackets refer to the successive
stages of the project. The first and second stage (I) may be

conducted within a limited budget and time, to be started as
soon as possible.




1. SCOPE OF THE WORK

This work originated from the desire, expressed by the
management of SRRUC, to dispose of a modern method of
PMMA-pyrolysis, resulting in higher product yield and purity and in
lower environmental damage.

Since such a method was not commercially available, it was
proposed to develop a new fluidized bed technology, along methods
developed previously at the Free University of Brussels (VUB). The
latter has been succesfully derived and the resulting process has
been termed UNIDO/VUB fluidized bed PMMA pyrolysis process.

As a second point, attention was paid to the various operations
upstream and downstream of the pyrolysis unit proper, i.e.

- PMMA sorting, storage and feeding

- storage, distillation, rectification and salting out of
crude MMA

- prepolymerization
- degassing and blending of MMA
-~ polymerization.

In the firs* mission report advice was given on ail the other
operations. Still, it should be recognized that tae newly
developed technology, assorted with some simple and straightforward
adv.ce, would do much to improve these operations.

Fiuaally, at the conclusion of the study, a new topic was

identified which could be tackled along the same lines as the
present work.

2. EXPERIMENTAL RESULTS
2.1. Results of experiments on micro-scale

Several experimental methods have been proposcd to
study the pyrolysis of polymers. Experimental re:ults
on the pyrolysis of PMMA on a2 micro-scale (the amount

PMMA used is never more than some milligrams) can be
found in literature. The following techniques were used:

- pyrolysis gas chromatogranhy (PyGC)
- thermal volatilization analysis (TVA)

- thermogravimetric analysis.




The main purpose of these experiments is to investigate
the reaction mechanism. The various basic processes are
listed below.

(I) chain-end initiation: P — R®° + X°

R® is the chain radical which will depropagate,
X° is a small radical which distills out of the
system;

(II) random scission initiation: P — 2R°

(III) depropagation: R° = R° + M

M is a monomer molecule which distills out of the
systen;

{(IV) termination by bimolecular interaction:
R° + RR 95 P

(V) ‘termination' by depropagation to the end of
the polymer molecule, leaving a small radical
which distills out of the system.

The reaction mechanism probably changes with temperature.
At low temperatures (<400°C), the depropagation reaction
is principally initiated at the ends of the molecules,
and termination occurs by bimolecular interaction. At
intermediate temperatures, chain scission becomes
sufficiently important to account for most of the
initiation steps, though bimolecular interaction is still
the important termination mechanism. At high
temperatures (>450°C), initiation by scission is the
dominant initiation process, but the majority of the
chains are effectively terminated by the diffusion out of
the system of the ultimate radical remaining when a chain
has completely depropagated.

Several PyGC experiments were also carried out at
the VUB. The main practical conclusion from these
experiments and the results in literature is that a high
yield of monomer is possible. From the PyGC experiments
one would infer that a high operating temperature is
desirable. The later work at bench-scale, however, leads
to the opposite conclusion.

Also some patents about possible industrial set-
ups can be found (Annexe A and C). The used equipment
is:

- cauldron with a lead-batch

- extruder.




2.2. Experiments on lah, bepnch and full scale
2.2.1.Experiment with cauldron technology

A full scale experiment /(amount of PMMA
charged: 30 kg) was carried out (Annexe C). 1In
this experiment the yield was 83 %, the purity was
not determined but can not be expected to be more
then 90 &.

2.2.2. Experiments wath tin batch technalaogy

To evaluate the feasibility of the tin bath
technology several experiments on a lab scale
cauldron (volume: 3.5 dm~) were carried out by
SRRUC during the second mission of the
UNIDO-expert (Annexe C). The most important
results are given in the following table (the
differences are due to the different kinds c¢f PMMA
used) :

experiment yield (%) purity (%) total MMA pro-

duction (%)
A 99 95.9 94.9
B 93 91.6 85.2
C 90 89.2 80.3

It is also observed that the best product is
generated during steady-state production, both
initial and final product showing a lower grade.
The amount of light products generated rises from
the start until the end of the experiment. The
heavy products show a different behaviour.

These observations were also made during the
large scale experiment with the cauldron
technology. The total MMA production of the large
scale experiment is lower than in the lab scale
experiments. This effect may be due to the lower
surface to volume ratio of the large cauldron.

2.2.3. Experiments with f(luid bed technology

Because a batch system gives much idle time
(heating, charging and cooling of the reactor) a
continuous operation is to be preferred. This can




be obtained with:
- continuous tin bath
- fluidized bed.

The latter has superior characteristics with
respect to heat transfer, residence time, the
removal of fillers. Hence, experiments on this
promising technique were carried out using the .
fluidized bed plant of the VUB. As a fluidizing
agent steam was used. The results of the experi-
ments with a PMMA flowrate of 990 g/h are given in
folilowing figures (more details are given in

Annexe E).
100
T
-
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Eigure 2 : amount of MMA produced




The yields obtained are much higher than
those with the tin bath technology. Only experi-
ment A of the tin bath experiments can compete
with the fluidized bed experiments. Also with
respect to yield a fluidized bed plant does not
suffer from scale-up factors, as is the case with
the tin bath technology. However, it must also be
mentioned that the fluidized bed experiments were
performed on PMMA frez from pigments and fillers.

During the experiments the heat of reaccion
was measured for the following reaction:

PMMA (293 K) — MMA (T K)
It is given by:

AH,_ = 660 + 0,336 T + 1.8 10™3 T2

- 0.46 1076 3 g/g
This was a major unknown factor until now.

In annexe E some useful information about
the distillation of water-MMA mixtures is given.

2.3. gCoaclusions

Since the fiuid bed technology gives the highest
yield and has many other advantages this type of process
was selected by SRRUC/UNIDO. The fluid bed must be
operated at low temperatures (about 400°C) and be filled
with fine sand, in order to minimize the steam require-
ments necessary to fluidize the bed.

PROCESS DEVELOPMENT AND DESIGN

After selection of a fluidized bed as the most suitable
solution for the problem posed, a preliminary design and
general instruction were prepared at V.U.B. The collaboration
of Mr. SAMYN is gratefully acknowledged. These data can be
found in Annexe C. The final drawing of the fluidized bed
unit is found on the following page, detailed drawings in
Annexe F.

Because a coal fire was to be used for heating much
attention was paid to the form of the distributor. It was
designed in such way that the reactor bottom would be cooled by
numerous steam jets directed downwards. Without this special
distributor the bottom of the reactor would be destroyed
rapidly. It could also be protected by an external fire-proof
liner but in this case the surface for heat transfer would be
reduced by about 10 % and radiant heat transfer would largely
be lost. An ordinary distributor could be used if the
reactor were heated electrically. In this case the steam
should be produced externally.




The yields obtained are, much higher than
those with the tin bath technology. Only experi-
ment A of the tin bath experiments can compete
with the fluidized bed experiments. Also with
respect to yield a fluidized bed plant does not
suffer from scale-up factors, as is the case with
the tin bath technology. However, it must also be
mentioned that the fluidized bed experiments were
performed on PMMA free from pigments and fillers.

During the experiments the heat of reaction
was measured for the following reaction:

PMMA (293 K) =---> MMA (T K)
It's given by:

AH, = 660 + 0,336 T + 1.8 103 T2

- 0.46 106 3 g/g
This was a major unknown factor until now.

In annexe E some useful information about
the distillation of water-MMA mixtures is given.

2.3. Conclusions

Since the fluid bed technology gives the highest
yield and has many other advantages this type of process
was selected by SRRUC/UNIDO. The fluid bed must be
operated at low temperatures (about 400°C) and be filled
with fine sand, in order to minimize the steam require-
ments necessary to fluidize the bed.

PROCESS DEVELCOPMENRT AND DESIGNH

After selection of a fluidized bed as the most suitable
solution for the problem posed, a preliminary design and
general instruction were prepared at V.U.B. The collaboration
of Mr. SAMYN is gratefully acknowledged. These data can be
found in Annexe C. The final drawing of the fluidized bed
unit is found on the following page, detailed drawings in
Annexe F.

Because a coal fire is to be used for heating much
attention was paid to the form of the distributor. It was
designed in such way that the reactor bottom would be cooled by
numerous steam jets directed downwards. Without this special
distributor the bottom of the reactor would be destroyed
rapidly. It could also be protected by an external fire-proof
liner but in this case the surface for heat transfer would be
reduced by about 10 §% and radiant reat would largely be lost.
An ordinary distributor could be used if the reactor is heated
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Another point of interest is the feeding system. The
feeding of PMMA plates is uncomplicated but that of shavings is
problematic. Originally, a system with two rocking valves was
proposed. At SRRUC a completely new feeding system, approved
by the UNIDO expert, was designed. This system still
requires testing, but is expected to give less problems and can
be found on the following page.

Safety and environmental aspects
4.1. ZToxicity of MMA

The maximum allowable concentration (MAC) of MMA
amounts to 100 ppm. The behaviour and body weignt are
unaffected for people poisoned repeatedly for several
times (2 hours/day, continuing for 6 days) in air
with MMA concentration of 10 mg/l. It is therefore
concluded that MMA has a0 cumulative effect of toxicity.

Anesthesia can be found after at least 30 minutes
of breathing in a large amount of MMA. Recovery is
possible by breathing in fresh air.

A few people who have engaged in professional
operation of MMA for more than 10 years suffer from
insomnia and leucopenia.

It also causes local skin erythema and prurigo for
some people, skin-sensitive to contact with MMA.

Contacting concentrated MMA vapor may immediately
cause tearing, eyeache, throatache, cough, etc. and
sometimes dizzyness and headache. But all the symptoms
disappear quickly after the person is being removed from
a MMA contaminated site into fresh air.

4.2. Safety aspects and environmental aspects

All process hazards have been reviewed
methodically in annexe D. For further information we
therefore refer to this annexe, in which also environ-
mental aspects can be found. When the coal fire is
replaced by electrical heating the emission of the coal
fire is of course eliminated.
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Eigure 4: Feeding Mechanism




Results Achieved

Both the experimental and the design work have been
concluded successfully.

The resulting constructive flow-sheet is shown in
Figure 3, the proposed feeding mechanism in Figure 4.

The plant according to the UNIDO/VUB-design, as adopted
and adapted by SRRUC will now be constructed at a new site.

Conclusions

Both the experimental work and the design phase have been
concluded successfully. is opens the way to a new highly

efficient anc environmentally acceptable method of producing
MMA .
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LIST OF TUE PRINCIPAL CRINESE MARACERS, VMO NOSTED VARIOUS PLANT VISITS

Tuang Youglisg

Dal Olughua

Gvo Bangda

Liv Becping

Ye Liw ying

Jiang Puging

Liw Xwekong

Lie

The Changsheng

1l Weigl

Sun Tougele

e Thaviwel

-16-

Hanaget
Hanager
Techmician
Deputy Director
Techmician
Deputy Director
Aselstant Bngineer
Dirvector
Hanager
Directer
Deputy Ditector
Techmician

Nanager

Nanager

Nashi Dietrict Branch

Rashi Dietrict Bramch

Nashi Dietrict Bramch

SXUC

Xinguang Plastice
Factory

Xinguang Plastics
Pactory

Xinlian Plastic

Products Wamufacturer
Thabel District Branch,

Muguang Plastic Products

Namsfacturer

Ligong Plastic Products

Hawefecturer

ZThabel District Branch

SARC

Recycling Center of
Thabei District
Rubber, plastice &

Wiscellaneous Department,

ANNEXE 111

all=

PROPUSCD PHOGRAPRE FOR THE STUNY VISIT oF

Aug, ?% 1ridny
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1211 =13sW)
163M1== 173000
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173 1M1== 1030000
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79 tnniny
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121000 9%
135 W==1063 30

1000

206 Konday

Ny W-=11130
LRI A FY 1)
131 3M1==16: 30

tvenlnng
27T Yae-dny
Hy ot il

THI_DLIGIAN TXPINES 11 SHANGHA)

tzparls nrriving Jo Shanaghel
the landor of Shanyhal Resource
Hacovery & ILillization Company
mrrLing the azpertis al the sir-
narl,

funcheon

1hn Innder of saune hriefing an
thm racyc)ing practive §n Shimngting
sl the liotel

Niscusaing Lhe napnrml programme
Unlnoma Langquat

Aitreviall Lo Xingpuang Piaatins

I mirLory

dorking himrh

Viniting Xinlian I'Inastic I'roducts
anufaclusrer

Visiting the tanahl Urste Plastice
Supplying Statjon

ey

visiting Yan'nn long Rowd & Bicinemd
Unsle Purcheajog Station

1ok

Tourinu Shanghatts Toun God's Lew-
ple-=Yuyusn harden 4 Jede-Dudiha
Yreple

'nrformaner

Visiting Lhe Huguuneg Pinstle 5o
Auet s Fomif neboar e

WHotk bpg Taneh

Viasttfung he Nutibey, Pirnticr &
miscel Jannnus erapt Bosivesn
Novgeng bl 7 0N00°
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12:00--13100
13:30--16:30

Cvening
Aug. 28 Usdnesday
9130--11:30

T A M--1300
TRTRY ST LT

- - Lvining

18-

Mlastice Mactory

Or. Reukens visiting Lthe Recycling
GCanter of Zhnlin] Nistrict

Unrking Junch

fraf. Mfatfoort same as forencon

Dr. Beukens visiting the Nanshi Paper
Stornk Supplying Statien

Hwen

Praf. fatfoort vorking in Xinguang
NMinslirn facltary

Ur. Uouvkens viuiting the subordinate
unit '
Varking lunch

Nincusaion uith Lhn loader of SARUC
o the arinting prahlema In vaste
tInalice recyeling with sugpestions
for follou-~up vorks Lu carry outl the
ININN ea-oparaling Urnject

=I9- ARNEX 1V

AGREIMENT PROPOSAL BETWEEN SRRAUC, FN AND UNIDO (DRAFT)

Tolloving agreement proposal vas submitted to the mansgement of the
Shanghal Company, te the 7N Company and te Unido.

The Shanghal Material Recovery and Utilisation Cowpany vants to set up
& pilot plant and laboratery to develop the technology of recyeling and
recovery of plastica.

In view of this development they want to install a shert serew plestiffer
from the F.N, company in Delglue.

Rateriales and mixtures will be tested, technicians enchanged and
an agresment vould bo fmportant betwaen the Chinese and Balglan pilet plamt
“Intrade 1" in Lidge te emchange their experience ond future dovelopments,

Wovever the Shanghal Materlal Recovary and Utrillsation Company is svere
of the intellectual property of the machine to the 7.M company vhers the ma-
chine hao beon developed and agrees not to publish common results without
previous agreement and mot to copy, duplicate or sell machines of the 7.N,
type nor glw  information to other companies to facilitate thelr fabricacion
or commarcialisation. A licenca for realisation of sachines and recyeling
1ines in Chins would be desirable in the future and could be discussed later
on between the two companies,

Unide would agree to provide the facilities of communication betveen

the two compenies and to assure the good vorking of their agreements.
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The crude momnomer s subsequently batch distilled in & steam jacketed
boller, fitted with a packed rectification columm (¢ = 23 cw). Some low
boiling lspurities are rewoved. The monomer 1o agitated with saturated brine
to coagulate seme suspended wmeterisl.

A second distillation takes place at a reduced pressure, o that the bol-
ling point l¢ lowared te €1 °C. After elimination of the residual molsture
the monomer i{s dlstilledoff and ite quality le verified by means of gas
chromatography .

A9 & nant step the purified wonomer is prepolymerised In a stirred tank
reacter operating et about 90-%4 °C, umtil the desired viscosity is attalned.
The Teactant costont is them cooled.

After colouring the material and removal of enclosed aly bubdles the
material is again polymerized im betvesn tvo sheets of glass (moulds of
60 x 7S cm). A set of woulds is vibrated im a water cooling bath, umtil the
polymezication is cemplete.

Finally the plastes of PMOA are stress relieved by reheating and
reloased.

Chearvations

The engineering and operation of these locally made units show a good
craftusnship amd abllity, but otill lead to utterly disappointing results.
Nence, considerable emphasis was placed on the local desire to have thess
prodlems enamiwned by the experts.

The main problen is the low yleld, attained by the process. Charging
100 kg of MaGA

13 kg of pyrolyeis oil

60 kg of crede wonomer

48 &g of pure monomer are obtained.

In the oplaiom of the experts this yield could worsally de doubled.

25

Moreovar there are a mumber of opersting problems, sowe of which are
rather serious
1) the cauldron is overheated by the coal fire in an uncontrolladle vay.
Each wonth {ts bottom has to be replaced
2) part of the material is carbonized, forming a layer on the bottos
of several cu. This further fepairs heat transfer and leads to further
overheating of the bottom and the charge
3) the temperature distribution and reeidence time in the cauldron
are uveven and uncontrollable, vhich leads to the occurence of side reactions
and lower ylelds
4) the excessively lovw ylelde render the distillation more complex than
necessary and lower the final purity of the product
$) in case the operating temperature during prepolymerisation is not
observed uselass "blov material” i formed
6) the release of the MMA plate from the glase mould is somatimes
problematic
7) the intrusion of weter or the appearance of bubbles is too frequent.

On the basis of their observations the experte have proposed
a course of action, iwvolving o redesign of the pyrolysis unit after collec-

_ting supplemental dats on PIMA pyvolysie. The course of action vme

accapted by the local counterpsrte, who are prepared to finsnce oll
squipment provided tha Unldo experts deliver the necessary techmology
and know=how.

Since this topic completely deviates from the main object of this
study & saparate proposal will be submitted for approval to Unido and
SRRUC,




X 00¢
T sojasetd
SutassutBue Sujpayouy ‘ancausiieceta
3 el
;Y3 sy
Y3 8
t 39 éd
| X114 u
L9 (P93 + 3308) OAd

1 020 S1UTISINE PRAGAODSI JO ¥atIjausnd sajawyed syl

sodid ofeujeap Jad -

111w Sujassa 203 selaanys -

(204GNna 03 330W POTQULENS (PTI0I9E B4) S3iedxs

3 jo uojuido syl uI) (1) 34 PejJooad.sa1; moa; S811) Lui1}e0 pemme] -

§ POl1D sasa suotIRoYidde ond 9301300 TRUY; M) JsBuowy " (pealsta
304) doys Lqiveu 3Ing ‘sIvivdes v wj peawinusales s} (eTAsINVE oyl

*03139014d 9388A D1350m0p PEXTE JO Buj1i08 [ENUNE WYY -

ano1ed a3 o3 Sujpiaodde

(va0uuna pus senids) saswa Dy3se(d 191230NpUl Jo SujI300 TENESE 84 -

saj3eeyd  uilaga pedaocdmy jo 0881030 W3 -

418320 d1300m0p pus (eya3enpul jo edjaseid jo Sujdnoal puv uotadeses sy3 -
30 01818U03 OIS BY3 JO £37A3308 Syl

‘901303997 43 VINIlA ujvesa Lifvasuss sojiseid Suysseujsuy

‘Vd ‘YAS ¢ wBid ‘O ‘SEY ‘SEIN ‘dd ¢ 20529 ) Lromwu ‘seddy gf ea® samy3
wesead 3y ‘g4 ‘24 ‘DAl 1 peIsea] saeA 9013091d Jo sedly ¢ L1uo 49| I
*&119o5300m0p ¥ Oy ‘L13enpul vy 9030uB a0 X 09 S19FI0IE WINYI 3O

‘POspUY SNOMICUD smmes YOTYA L3tauend B ‘awed/saunci 000°Z1

9002024 pinon 3} Juesead 39 Ing aveL/esuuol Q0§ £1U0 peleacdea 3] L1isujsiio

‘9961 U3 suojasasdo 93] pe3iers uotaelg Sujiiddng dj30mig sIswy SR

01303 SujAiddng 0313881 d sIsey Tysumy

ofl~

*quesenid L1a19] pus uUS(D S20A SWOTITPUSd Buinion oy}
*Jueteaxe sae diyeusagion
pus L331000 Jo epavpurIs [(P-2048 043 S3REeG ‘Jvswiinbe Tujasus: e
spoylom Bujavaede Suis tpom 203 posu Juelan ou smess saeyqd Lajatironpexd

JO SPABPUNIS ULLISHY IBVAIIND 1008 308 secp £101393 N3 yEwmeyayy

‘RATSUNIUTINGAST PUT ‘BATSNOIXD B} WOIING W43 ¢ Bujulyoem eyl
‘Sugessad-3sod JueIOIJIN0u] JO 20 PPIRCE Y3 JO uljsep v3nbapeu} we
3o senvaeq oiqjsecd ‘sajessadu} 31 013003 JO JWNCEE Byl ‘sajadapeddmy
Aragez pas e3etoeqe 81 wendinbe o odi3 SjNI ‘FRIYD) uE Spem ‘sesiydem
uogiveful edfa-2e¥unid jo esn seyem 11330 SEV Pue g ‘worle o Duypinem

woj3defuy syl ‘edusiesdde 9a}3202330 L2ea ¥ puy peddedeu) swolIng 1LV

SRoTIeAIeeN0

‘wojadedsuy (¢

suojanios syvjadoadde jo suvem £g Buyphap (y

W033ng oy u} sefey BuRTLIap (¢

suo23nq g-9 £1jrisusd jo sies jo Dujpinom wopIdefey (¢

va " 3o Suilap (1

t souonbas SUIAOI10] Q3 U] SPUE SIU MROIINQ-VY YL

opis-1903; ay) Bupysyied (v

ulieep oq3 Jo Suydmers (¢

oppe-yaeg a3 Supneyied (g

santd-viaux Jo Supyound (1

t s90202d BuAOL1e; 1 01 BULpPI0IIN PRANIINJOEGE BIP SVOIIN-VIDA N1
+ 2ene3 Bejroed
U0 QIR *(2FN0210 Pesold ul) Buj100d 203 2e3va dul seen puv YAR OC9 Je
£33oeded 2enod pejeasut uw euy £20308] ON1 “BI0YANES PIREICIOR O}
u0}290poad 843 JO 328 910 ‘SNLNIP ‘SEIIINR I0] SUOIINY SIQILOINEN] O}

‘wauom/seumoy - wopde
yvom/eeuwey ¢-¢C sy
wawoe/seuuey ¢ u
wavom/seunoy 21-01 noud

Lyomsu *S1P12030W ABZ SROTAVA 0330aN0) £203383 SINL
294RIIVIRATY SIMPOLJ DFINN|J UEJIUEE O3 ITETA -~ WOORINJY

-9t~




s0ys/(0°0 ens
&ajiend sy3 03 Sujpiense uﬂ.—.ﬂﬂdﬂﬂdﬂm
°"n3/10'0 saqny 0380dy300)
L M 3 {se02q)
"y {yoa) asdded
§0'0 siaed woay
Vo sangd tee3s
‘o e W13
41'0 weay Ava | T{eaeN
$0°'0 (uoneay)
0°0 (oravenea) TETITER S0910
o ' L w1
ol'o 03413 stasqaude
o we3zes 1 TR{INGL
or‘o Lygiond pag
%o Lagiend pug
190 Lappend 3eg ¢ THRGRE
08| oButegar (9yasnpE - VIBM
oo 0N1s PUSHNS o
08’0 (9gv It poxym) se01® 3849 - B4
on'o 03n018d PORYE -
‘0 sSujamyay {93238NpMY NTWA - T4
n'o sBuetan preyssnsy -
0h‘0 sfujetan (P1IENPUT ~ DAL
ot'o sSeasas & TOTIENTS
1o asdud parnye
of'o Jupadensy  ToE9
/2

1 stejasaen paadense Jo By aed pisd sav suejanqiaiues Sujastie] sl
'proqesnsy sod By | INEqQE )0 B304 ofvagee Ljiesd @
01 spusdssiied Yajua ‘Iy 009 0% TETIINIT peasasses jo Junews Kfyilven M

‘setaieq seeyB (y) seyjaney g eBna (g) “t1o03s § weay dwade (2)‘ieded (1)
I 829 SIBTIGITE POISAODSI OSN3 SOURIAGHNT 3O 1030 A1NY3 U] COPLeyemEYy
000°01 1048 jo S22y (PIUSPIEGY © 004108 W01INI0 Bujseydand e30en eyt
rsosjuead ajoqd 4a uneld LiyBweaey) seataseney
SOBNTYD Jumem BNY ‘1BAjISef q3 Dujptoedd pejand empd ay? ut v slepung
e poasATlop vav oajiddns ooy (00anB}) yekl) 3vel/eewmey ¢C| Mittnred
sgujaeave peluaine o L3j3uend ¥ o3 Spuedeniaed wOIga ‘aved; R 000°'O¢T
3 SIUNGUE 20A8.M3IR} (9103 WL [poideoxe 2ved ied shep y £1ee ‘'mcd ¢
o3 ‘w'e g w033 Lup £Lasas susde deys syl *aeg ‘2 ‘aelveny seindeg ® e
Wey100a1Q M3 3opun otdosd | slejdas wejanas Butssyoand ssem Stul
Weavas poey Wadq we wel
wetIvIg BujeUyDIng ISR PUSY UIMIIE By O3 IY0TA
wejamg Bujonyning sasep peey Susq we,uel W3 €3 A0TA
WaTeden - 1Py (g Lvpeig

‘s3aedea aejjave

‘WAs 1Y B637 PuR 0303020331 €] poystiend ‘epeqioe Bujpeal pue wepInd
=1373U0PT 43 ue BIvp puss 03 perfEsid (vusneng 'y) 022edus o432 JO SO

+Lpeeaye a1qe3dence e13nd

POROED SPIRPURIE [10-3040 GIneya(e ‘2jweiliy pus Jwstesid saea slsndeemw

BUpLIGA S43 SHDE 93 WONEY 3q PINED SRIASENE I ‘01493 Bujnien ®

pUnsIE 3o PUeISU] 1104 36£0aued * 3B 8208R PJIeRLd OTI00MeP Jo Bujines -

802008 843 3% DUIEIE INOLEL PIGAY -

b £3141330p024 S0USI0NT 02 WORSI 04 PLRSO SOINETR sueg

*POIZ1A0R( Ajtvomeusne ‘eiasdus ey3 03 Duipiedde ‘o) werreade g (Lep-y @
t203200/8y Og1) 2033ee youe Je Lijowded aeg Lysagavies eqa datdeng

*sagaaedead Lpuesas ‘peel Lisa samy ‘Lam23eed w3

0 ‘se308n 9ja3snpul  ‘L3TIeAd G} 9890200p SITRIICP ¢ asys uiliie djiesm

-8p )0 o1jasiem oj3enyd sul 03803 emeyj Kjayseed pus weaey ‘ol w3 WA

SOTATIND S1qUIITAR SROTITA WY LjjIuept 83 AINLINTP Liugeseasuy o} a1

‘sustavacde seoy3 Bujrjusyasa jo sepajiiqyseed sy Sujpavies persesd

=03 BOA BOJAPY *OOJIJAJION ATON) [V O SjueiBLy 3908l 3 puv Jeessetden

2008 oq3 0} 08}3030de TNY £2294203uN03 o) 63 IPICOOY W] )j0N)
£10a329103 oq 03 peavedde pus poaiseqe 0ava susjinacde Bujies pesy Mg

L)




A -

‘mp3sle £La03satdens syl JO 91qnO23 00

11sa o uo}asIFaa} upys Susened ‘stdosdyion sy 030 P3IVEURpUC) JO Suyddyap

sy3 pue SUTLITED 84) NO UOTIESUSPUOCD O} EPES] SEN] JO UOTISTER Y] -

sSawyostp 203 ajjun

54 0) POISPISUOD 817 YITYA ‘sae3sasiesa Bujuiriuod jousyd Jo ssjaIfauERd

a0uim 03 0873 vA1S se3vsuspuodiiod spiyspyreioj-tousyd jo woyIonpoad sy3 -

111900 Jo By 01 O Junces YSTY S1QFPeIIU] U eajnbel pinon

Wy jo @ €1 30 0aNIDEZNUBE BYI I9A0030H ‘10U SnOSSES Jo WOTINTOAR

oy oasyy Suisenad sy) Suyang  ‘esaqy; eyl BUTIBUTETLS 20] OTARIIRAR eaw

spoyiem oy ‘Bujaloe pumy w0 ey(ea Atyamsy seavid OAd O w0330npoad 3 -
1 0320dx0 sy) JO UOTINEIIN BNI 10] PIIITBINE 810K "We1q03d Suynotie; ny

ssastqmn3 30

sotaen v up sovtd sexmy uepavuSedat eyl *10SUNPUOD ¥ NITA PO3IT] ‘(esea
uojIouea ¢ Sujen essyd snoenbe ayy uy pein3ougnuve sy S3esuspuodiiod syl
‘ous]383e Sutemyoand aasea Y3 Lq pe3rde1ton ‘sSujmmiay puv sSujaIns wo33oo
q3jn pINIm 8q 03 ‘sjesuspuediiod spiyspirmicj-tousyd » jo uwojaonpoad a3 -
ausis Sujssated ¥ Ue PSR 8} PIIT Y2003 Ing ‘pOppE 8] 01T} oM
Sugieo]) pus s0sedand SA1392008p 207 peOn ‘e | x ® | jO 1ound-0ad easnds
PeaANO(03-JI{NE ‘omospusy ¥ 0F 100poad TRUF) WYL ‘PLOJIUIE SEEE 8y jO susem
&g peanqjaaetp 5} emjpes Sujioed pus Buyavey syy Ljausasddy ‘ssamaie OF
207 PO100d WYY ‘SEINULE ¢ 20 PRIVIY ST [PIASIUE PIII0S ANOLOD W)
WoTuA ut ‘sesad pediois-1iIne 9 uj passsad 304 pur PEySNID ‘pRIlospusy
o1v 2syase( 3jasy3ule jo Buyanisesnusw syd ut SuSTae ‘9191a0IVE BIINM -
1 S9TITAJ0F O3 WY 3L
‘sasquen JJe3e Of| -
ul 092°L 3o edvjans -
£ 000°'00y 3O 828900 poxij -
I 0sanSy3 Suiae((o] sq3 £q pesyisaoeavyd o4 usd £10338) UL
2020300 nuni 9300034 D120914 SunSy sy3 03 st 1 TETuIoN

“lf=

*3say: w3 Swoge payomays
£a3enpuy £amey puv S8IITATIOE an0qiey O worsseadat ue 108 03 penolIT IR

*nd=Busny 20ATY SYI B0 WOTSINDXS 300Q B JO POISTRN0D wealord Baujueaz W
‘uspie8 wenini snome;

42 put seydmey Is1yppRg 19201 Jusalodmt GA3 03 P A JPRTA Y

(388 13 £q pesjurdic) “Weiloi] WesAs UV BOONIEIV
‘somntd WeydIYD SIBA ‘LN 83} JO WIRNING
20402 ISpUR P20 ‘S1DJ11V JueuiE0d ¥  CPRNCIE PEAcys pat LPEY © BN OWA
2e8ounmy dogg o3 £q POISSAT S3BA B “EITAINS JMBIIEINS 10 PUNINIQE
‘sejydozy puv spavoeid O 20qune ¥ W3] POAC]IL0] OB ‘SPI0II JWSTTNE PUY 2}
PUPY 39430 sy3 ug °(Bupuiom Kepung 838]) IPSTA 20 Jo emI Sq3 3¢ fem

£aea 30u pue 9318 Ut eiiews sua wojIv3e Bupswydand s3een pucdes BINL

1woj3saedo ajjead-ySiy * afl
$300] ¥WOTIPIE WOTIIS1100 8143 (awed'wceand/R 000§ o epmyjulem jo 20p30)
salea A0t oy put (Jusedinbde Livjuswe(s 2043I02 843 30 wopasioeadep ‘resyesid
o843 Jo Sujauei) 1800 Sujavaedo PeIEIL S43 3O AstA wt  “aeed/K 000°'CY *EDe O3
WNOWE PIROA SJYI *20e£/R 000°0LT 30 O189Q © B0 ‘WSTITAG WOTIVIND 43 303
WAOTJ=NBED, © B IOAD POPURY O} 10A0MINY O43 3O X €| I0WI PAINIS oA ]
josowyy 2omie} uy peSuincdelp Lieajade sen
NOTYR £OUBPUS) § 'SNOTINN0I-UOTYSE] BEOIEQ BARY SYINGK SENETYY 1IN LjIwe
-sddy oduys pool ® uy psmess Painjjo Bujeq (Pjieaem ay3 o 10N “sedella
Y2 03 PIOS B3P B8Y3IO13 °633WED EOTIGNLJ 9ISER [uSuEY I 63 edjaseqd
3 ‘0l pus | dequna justd (esas jeyBusyg o3 pejiddns s} weyidel}
10036 § w2} syl ‘enovs 3o sediy snojiva u penaed eie sdg3eeld ‘siniea
‘esu0q ‘S811104 seR(D ‘sesid WOTIIV BIQREP B u] peeq o} ieded ez
s (vasgnaere
poanasdndea oy Ljqueead 3t yEnoyaie) peadedsde leBue] eu o] 210y wewy
Lendmod 390103310 5 03 poj1dine oq uED POOA PUP S2RIWARY

-0c-



*230 ‘s310q odeaucd ‘sBasyontp 1eagusyoes ¢
sulem poxij ® GI1A sousad ‘(83390) Bupheauss 1snuseuo paseq swa Suyipusy
‘sossnad
a1ineapdy jo sussw £q 239 ‘sBupyound ‘sSujuany ‘jasas 30 Bujieq pesjusydes -
(230 ‘SuyaInd swwy; £q ‘saveys (yees qim)
Sugesesoid jeoyumidse sidujs pue Sugizos fenuem -
§ 3O I9FBUOD SRTITAFION W1
| sandyz sy
30 €/1 03 sjunome 1130ad Sujivaedo fenuue ey * 32 UOTILIM §1 30 asas-uing
® YIIA Ppuodsei10d YOTYA ‘ssuuo3 0000l SupEIIe Kajowded Tmuus ayt
*SpIOYISNOY 000°09 W08 Mo} s® [leA oF
‘801203985 00¢ IN0qe W01 peisyIes s} desde 19838 puw WO} 833N stq3 ul
{ ‘39122010 199%y7 30 saaus) Buy1d4dey ey3 03 17514 ® pred susyeng °joig
20pasIN® A 31048
43 Jo 830adss 19318010203 43 UG BaNIINY B 0A38 3200339¢ *joag
®a8oxg 331ds 1 WooIe3zu BIE|
*£31tend 93jya ‘iotandne ¥ Jo usaon
~UOU 03 STFI0I0E PISEq-403300 310au0D UBYSEP EEBUIYD ® Jo meuy] 2
uojasasdo o awel 3say; sy3
‘9861 03 a3m1e2 s0an91] (1Y °(ssuuoy 001) odtaswid jesomasyy *(seunocy
0L1) sBujamiay “(sauuod 00C) (17 DAd 30 woyIve(ioo SBTITATIDE I435
‘sesjadasyue (etasnpuy
15y30° pur Juuls UY [P}49I0W AR @ 8¢ pesn B avsd /seuuoy 000'¢ 3nyioue
(awsd/evuucy 000‘y) 930 ‘s3eysed [yea ‘eiye
Sugavea 9 Sujuuide 105 sdujldf) ‘setoe 0A1330302d 03 PIIINAMOD L]1ENIusas Baw

(Pozusdina) o saseys SuppIet ‘petesd pus pauulne 919 seas)
£ajenpuy 2sqqnx ug
pasnaa s} avak/sauuod 000°0¢ JO UOIINpoad L1aeek eyy ‘|Iet2ea asqqna
30 020040 03 Passeadnod puv 90AS[D03INE U} PEZTUNDLRASP A{Tvmasys s} aspnod
48qqn2 o4 ‘(110) 2091013881d jo WOFAIPPS 28330 180E)ans pamy PeINBAIICY ®
4i1A siL)s 1104 #1qnop UT peysnid Ajsus) ‘peuse]d 8} 20qqn3 dwads ey3

-CL~

45381 oyl ‘219 piepusis Jo $8381d 01 IND PUR PIINSERE BIF YITYA *Ieqqna.

(s02£3 jo Buppesayysz w3 *3°9) saeynssye pessedeadaa sy

oIYA Jo 2aed ‘ssuuod 000°0f WERIIE pINOA PAYIOAS SITTININA JO IWMNOES 343
$300q 20q4qR2 PO Duppatde}

‘deads asqqnz 28430 puP 013 e3ema Jo Suypadona t L3jArIow Jeryd

ssnoyelen jo " 09<°s
o[qeLIvAR BIBjans jO * 0000y

otdoad £(g jJo s3203330m
i seandy3 ausasyea
uemaedep deads snceurtisasis p sataseid ‘ieqeny a3 o3 EY L] 7Y

wiloid woonieyyy
*peinaoduas 1038a0309a (Jo Jwmome [(ves L(eajaeiel) )
20 ‘pesn oq urd> 9011d100p0 ¥OQIPI BATION SATITUINIIV WP Y ‘SwSA[e) W]
uotIngos-Jousyd & yYIta 2eyae801 ‘Jwentzze peIsrand v etk prnoa Ifun v
Yong  *3usls BoIORIINS B e (D e'uNn]ol) S3JITEOIT YIIA AR BOTIW2IAG
PILSTL/PIAbIL # BuIsn 2038n0380n oy3 Wo2j peacwel 8q PI0e> jowewd oy -
‘otirm
1103 POINNOING U} POIINPUCD B SIITINGT 20 INO(} Poom WATA Bwpllll M1
*Pesn 22w (103 pexjasiied-sad » aepun Ljqiesod) siepnod uisea pyyos Lywe
‘ekspuncy ‘93010890 o} KBorouydsy STYI WYY PepaIcu0Y sea 3} (SVeTPLIM
sjwandes ug ‘z) ejtun uojasulesdw)epiyspiemicj-tousyd ey3 Sugpaelen -
13X03002 STN) B sapajqIyoad
8 ‘20ABAGY ‘pPInaA mesds B YINS o 3900 Sy “seujyave Buyysmaeded saoqe
$eT9 39y ‘payidde Bupsq 07 poursm efys *wO]IESNIPUOD o WGOd W] sajos
Pinon sydiaugad up doyenion eyl Jo WeIsLe WOTINTFINSA POIEATIsTRdos Daom @ -
‘posssad Bugeq £[19N329 KON ‘salqey Bujssead
W3 uo Lot IwN3 ‘Jad o 20301d [PES O (easusa Je[nlel B spupouy
2108808 20430 “sanjviedms) Bupsesad 3 Jo Njammo) B (K[jeidedes)
ne uo.uu.aoo 9IVINDIW 0108 © £q POYITUIHTP 9q WED [JN JO WOTINTCAS SYI -

192 pogrdea sany s3aedxe ey

TI30dEs 943 jO SeO]1vAIeeq0




soaandotoy wes *ay puv ‘Ley ‘2 ‘zessny *ay 03 Jujaodsy

ySuyselg <ay &g 031ape amaang

sasjaenbpesy opjup 03 130%A
aqueadeg 7 Kepuoy

ss3jAT20® o

Teqeerdeg | Kvpung

uustA 02 %eq BN

*200203u} (93133834 JO 829330 10420 puUB (IEE ‘93003u0d 8anIn} Sujpislea
*0298L ABJ 2081 843 I9A0 UOTINTOAD ITOYI

PUS SUTYD UY SUOTITPUOD Bujnioa sy3 UN YSUTSETS N YITA UOTesRdNlQ

+Aup oyl JO 1883 BYI 107 SREITALIIN IM3an] oy

‘UOLOS]m BYY 03 NOUUY UB S® 300f{0ad.VIBd ¥ JO UCTITPPY I U} F0saNUY
ponoys ySugeetg <2 *yIeq ayI13 syl Sujmijjuod 207 sjusesBuvais usyey

POy oya ‘yRuges(g ‘a) YITA UOTESTE Byl O SIINEEE M) JO UOTEENISEQ

IS0InY of 4A9p1ad

*1030M 1IM 30825 843 £qiese 21730 M0 43 10 PEpey eama s3zedue sy
*BIQETIFAR SUA UOTITPONOIDIE 0304 ou Bisun ‘Bup(leg &3 Req WAL
*aa0daty w3 03 19swed) £q pemolie] ‘Ieebuesy
tlonsaeg & ‘uspavs snomej © Ul ATA Mol B GITA ‘2030INYD [PEINU] sa0m
® poy joyBusyguy Aep asel o3I papalducd Bujeq sssujsnq Jevazodey (Y
3 6T “Aupeam)
*8019}228 B(IR]S puUP $OOqelou 03 1eyielol puncq 8} 2eded pearos-Lajreed jo
soptd BujaInsaa syl ‘saveye SUIOTIINS BuIsh WOTSIAIPARS B WAIA PRujeEOD
$1023u07 Jenusm YIN0I0Y3 3O SjeEq B uC PESnal sen avded apeil-jje wmog
‘metqoad o143 o32] 03 £sA JWNYIYF0 L(IEITENI0] pue wispom @
o0 popanBaz oq Lem ‘seul} pu® 3P JJO WE2DE O PesR ‘TAEENI] W]
SpuUBY AYI0 SYI VO IPIIVEW SNOSURIIAG IIO PUP W1} I}Ied ‘SRORqE2 oB wome
881a823u00 ‘pusy vuo 8o saeded Sutjutad jo seyajiend S1qeardEcd Pue 94004 BI%
Sujia0e jenuse £q SpIeE 308 ES1ITITRD UINE BNL “POLUq pur pejleEme)
‘seujt Suj3i0s (UNUPE JO STIee [OT1aRd [RI0ASE 1840 POIMTIINEP ‘PelsAlISp
sen 20dudaiswa oY) ACY PSAISEQC SBA 3T ITSTA Jelaq Ljaje; ¢ Bejang
uoyamg L1ddng yooig 2edeg JUSUTR SYI 01 IOTA t BooWIeII SN3 O ped
*£203503 s3onpodd 213ew1d WERIIX M) 3
tvsodoad syskioadd-vigud ey pue 3de[oad-opjun B4 Wo suojesRINLp dweay
Ay ot Avpeeepen
*3912301Q 12
30 ea3us) BujraLasy s\3 3¢ 108[ >2d-0plug SqI WO SUETESRINYP dnoxs
Iy 13 fepeenl
*Juszedde saea £awe3ayjie o seey 20
SujuojadunzILe JO SUGEINITPU] OB ING *83Bp-03-dn ieBuey ou pue Lyywooy opes
szsa £ey3 peIe3as sen 3 “pesjusydem LIyBig L(sataejez eaea ssestad Suying w1
*s320dxs 8] O UOTIUEIIS BYI 207 PRIAITEANS BIA smeyqead angndjiand oy
*200UTE SAJSUSIUT-100QR] © U} SBuis}as ({PES L]0AT2R[N1 jO JBemyer] W) -
(saoynaste ae) doye
{U20] 11988 ¥ U} PIOS 828 2031W] S5 °s3avd puv sagmy ‘seyjjoad sjqrenea
SuJ2040082 JO BIP Sy3 NIFA ‘Y3103 SER]} ® WIIA BSIRIIMINE JO Sa3INd W3 -
1 sasA 9923803 (seenen L1wo ay)
TeeyIvaiee®




192020d0 031 DJWOUODS SUF JUSTUSANGD BI0W B34 IR jUN

syl ‘Aapiund pus prejk 313npoad esseadu} Kipedem ([}A uljsep A YL
*320foad sy3 jo pus eyl I® ped

-e1ds1 8q TTIA YOTun ‘Jusid s3skgoadd.viaid 3Iuessad 3y 203 ulyeep ANl Y
‘andang  3oejead ‘Y

‘ssanpedead uojrusimyado puw usid sy3 dn-Sutlamas u} NS dien
‘uSjsep asu a4yl 03 Supacdde

‘ueid ey3 Jo UOJIONAIIUOI puv Sujassujlus peTIRISP Y3 UF DMNIS SDJARY
*aanes £q teacadde 203

saurid syshgoali.ypig 9nonujaued ¢ 30 ulysep Lasujmpisad w esodoay
*930npoad.£Lq uy
950[ 308A0] 843 Puv lemoucw uf PIeFL  eyBIY Syl UTEIIE 03 3IVPI0 UF 103383

GOINI]p ®Wea3s pus SEPI POUNPEESI  ‘sanivasdmsy wnmjido 8yl BupmIeINQ

‘uoyEstE S43 103 23aed
N9 -OQINA § e peaujodde sea ‘Iusmiaedep 343 Jo pesy ‘susyeng °*joag

csgesenag ‘opumiieydg S18jIIENPULI ¥

NOJUADEI92NSTEOBUT  SYIPTEIYD 1004 BNYI0INI0QNT ‘' N‘A Y2 IT BlqUIIRAR saw

jueld snonmjaued [ivws ¢ jJo u¥jsep syl oju} sITNEsa  [wauswiisdxe sy3 Sujd

-10AU0D 3uj sowajasdus uSysep oy2 pur spsftoadd visd oy3 SujsjEjado 203 Juse
-dinbe (eojuyIe] .. ed0ad sy3 Bujpwaldn 303 peaynbes esjlasdns ey

‘UojININPIING) {v}Iedg

‘ayqjesod s uocos =® pelamye Lp
-N39 JY2 BARY O) SNOJXUP 290 819 9338diJUNCD  BSBUTYD BNYI ‘SsE3OnS 03 PpEeg
PINGA NI0A Y3 3ITYI WIWIAED 3somiP 8} 33 souys ‘Apn3s Lavujmpiead peaynbe
a1 fSupmiogaed 203 suses sy3 espjacad OQINA 3I9Y3 pesodoad 9y 31 *unyd
0143 opuealién 01 £iwesedsu noy-nomy puv 4LSojouyasy syl eignbie 03 uogaysod

® U} 8q 30U PINOA A8yl 93204N8-OGINN O43 JO UOTIUSAISIUE BYI INOWIA

={f=

*SSJAJATIO  WOJIIMALS

-0 pus UOTILITFTPom Jum(d paagnbea (v SJWSU]] PIRCA JMIUS SONITA [TmloN O}
PISTL ay3 eseeaduy puv £Sojouyael Sy) sacadal 03 PWNO] 226A suwem )1
*poujeIse 87 208 93uvid uesdoing‘p Jerjuis B} ssexeqn  ‘L1wo gy O 2ep30 W3 jo
PIOTL 2omoucm ® BBy A SXsuuy U} Peqpaosep ‘Ijun  epeljoadd VMM oML

“UOTIVITFTION; Pus puncatioeq “

tN0X1Ja8
ONIL40IS$MOVE FALLMVISENS OQINn

tANDIT OGIND WOA GININDEN  ZOMTNND
000°00¢ tsn
NOLLNEIWINGD INBANIACD

000°1¢ €80 :NOILNAGININGD OQIMM
uaysks sjsljoaky

VIid poacaday ue
30 juemdoteasg IXUIIL 1531044

tNOISSINENS 20 ALVG
X1 GALITNENS TVEOX0Nd
worIeRIiA
pue Lieacdey 221n08sy eqdueyg
SEDMEDIV IAVIIIINGD ANBANIACY
t1sanbae IVIOIZA0 40 2IVE GV  NISIN0
2038 sqIwom §
t IOLINIBI0 STMARDS
siqiseed U B00e o®

MIP 1AL

VIVE JISVE - ¥ 2w

NOILVZINVONO IMEMIOTZASG TVINISOGMT SWOIIVM GRIINA

1A oxsumy

-9¢-

-




_

‘uojsusdxs 20 wo}3
~vajeas 1sqiing 207 ausid sysk1oald asu sy 03 3yRjA 1suosagppe us 4Lud

VIS4  Jo e8dLy aey20 wo Nion 1sjusmtaedas  (suosITppe wmiojasd

03 Isenbea pynoa s3ied
) -401unod sseuyyd sy3 3wyy POPNIIXS Bq J0uuEd 33 J08pnq puv W} SIqEuCENEI @

UINITA poasuiaae)  eq uRd pur  pauRIued-jIes 8} 399foad MY  ySnoyaty

‘In-Ao{104 pevesjats

nvp  Supivasdo Jusyd ewIs-qIn;
31303 (vIusmjasdxs elEIe-yIuNq

Jo 91004 342 uo sjenteas 03 Lsws eq 13A 308foad syl jo sIgnsea ey

ouBusyg 03 a3gela suo

S$0137AT230  dn.a0110] o  yauom §

‘SwolITP

=uo3  pezymyado aspun woyIjscdmos pus Sp1o}L 39npoad sy3 peujwIqo pus
t '1398)  1ejusajaedus peagnbea  ay3 BSujausa ao; 09pnq Lavesedeu Y3
$2304X8 By3 jJo SUC 207 NloA PEENq-mOy Jo syjuom ¢

SATOAN] (11a SPNL

*qustd WigiL ® 20 uSissp asu ® sawdead puws oA [s3usataedxs oy
savdead ‘s3ep Liwessdow ay3 23e8  ‘ulljsep Juesead ay3 Lpaas o) SOIITATY

-39 Lawsssdne eyl Ine Bujpkiaed 105 spun; saenbepe sprasad IR OOIMA
“H01IMTIIS) OATMA

*peaabes
usedinbs sy3 Jo tiv Jscmpe Supianaeuwoa L el Jo Lypriqpsecd ewa-
WOMISBAUT poxnbex oyl Jo emyy Jye-dud i0qe L1ea we
30 osnmdeq 3803 WOEY SIN aveq 03 WML
5q ‘s12sdxe o431 Jo wojwpdo Y3 U} CII}A BUIY) JO IJVMMINAC] WYL

*8300> snosusiane pur Jwemdynbe jeasydjaed Buppataxe ¢ ‘s*a 000°'0C

SmOS 03 WNOEE  PINOA JUT(d ANE ] O 186D  BOIINIILWOD WYY
wnylieg UI *830308F 1902 SENUIYD O OSPITAONY O NINL ¥ JO eenEdeq
‘s3asdxe 843 g eIenEAd 03 IINDTIIIP O] JeemAean} peafndex eqx

Bld  BIEIS-1IN] Y3 JO WOLIINIG PUB  WOTIMMIIENGD

‘Sujaesuilus DRTFRIGP S4I WY OF ( JMMS) SWIWD O WOTINFAIWEI eyy
SOTIMTIIN0) eeEaIa0d -V

‘N weferg

uvojjesujido pus dn-3283v * WOJIRIIN0D W dR-noll0a

oMpS oi uBjsep weld sqd Bujsodeag

wojIa

=BPJSUOD 298UN2] I8Ny pus ssem puw PIOLL 0npoad IWR0IIE eaw Bupgey
Jued sjefjoaid asu v Jo uBpseq

uolIelassau; Jeivemjivdie eq3 wo 3a0dea B Jo wepIvavdesy

aeq 1ot ‘1o teanseexd egaaed

0,086 ‘00§ 0ty ‘00y temaminaedwey wejIvaedy

s syl

-£d sguos.yousq @ 3@ preyk 212npoad Y3 jo woljesjEpIde 1euen) aedny
82n3920311 843 8} peystiend (s310del IVI/SO1E) SI0P As) oq) e Lsasng

TRFITATIN  3deleiag

-3¢~




-40-

ANMEX 1- PROJECT

UNIDO Coastributiow (Estimate)

(3}

Wission Cost to Chime

Momths of expert

Subcontract for the sxperimental
work

Wouth of fellowv—up activities

us ¢
us §
Us ¢

4,000
18,000 (gross)

3,000
6,000 (grose)
31,000

~y=
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EXPLANATORY MOTES
Exchange Rate :

1.U0.5.% =3.5Yuan

=44 B.F. (Belgian Francs)

The following abbreviations have been used consistently throughout
the text

Abbreviation Entity or Material

MMA methylmetacrylate monomer

PMMA Polymethylmetacrylate

PE Polyethylene

PS Polystyrene

PVC Polyvinylchloride

SRRUC Shanghai Resource Recovery
and Utilization Company

BRC the People's Republic of

China




ABSTRACT

During a brief stay in China the results of the expert's home work

were presented to the Chinese counterparts of Shanghai Resource

Recovery and Utilization Company (SRRUC) i.e.

- a literature and_patept survey

- the preliminary experimental work performed on a bench scale
pyrolysis plant

- the preliminary design of a tentative pyrolysis system and
the establishment of a materials and energy balance.

During his visit to the Xingguang factory the expert was confronted
with a number of environmental and production problems of this
factory. Although the study of these problems was outside the
scope of his mission the expert had to consider these problems
carefully, as their continued presence could even compromit the
very existence of PMMA pyrolysis process at the Xingguang factory,
in which the proposed new PMMA pyrolysis system is to be installed.

For this reason most of the local time was devoted to these
extraneous problems. Still, thanks to the excellent collaboration
received from SRRUC, it was possible to achieve the results
expected from this mission, i.e. to visit the PMMA workshop and
collect the necessary data for the pyrolysis plant to be designed.
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INTRODUCTION

This report deals succinctly with the preparation of the home-based
work and more in detail with the results of our mission at SRRUC,
Shanghai, People's Republic of China (PRC).

The purpose of the project is

- to conduct the necessary experimental work at a pyrolysis plant
on a bench scale to determine and optimize of the product yield

- to design a continuous pyrolysis unit

- to prepare a report on the results

- to return visit to PRC with the proposed plant design and
follow-up on the construction, start-up and optimization.

As usual, the Chinese counterparts have prepared the expert's visit

in detail :

- Annexe I shows the "Outline of the Technical Discussion with the
UNIDO-Expert™

- Annexe II lists the detailed programme of the UNIDO-Expert.

From Annexe I it follows that the Chinese counterparts desired to
consult the expert on

(1) the Thermal Cracking Procedure

(2) the Purification Procedure

(3) the Polymerization Procedure.

Moreover, special attention was to be paid to the environmental and
occupational safety aspects of the existing and future PMMA-plant.

Annexe III lists the main results of this mission, i.e. the design
requirements of an improved PMMA Pyrolysis system, according to
SRRUC specifications.

Although the present mission will basically be completed within the
projected timing and budget, the possibility of extending this
programme so that it also «covers the purification,
prepolymexrization and polymerization of MMA, should be
contemplated. A formal request for such an extension will probably
be filed by SRRUC.




RECOMMENDATIONS

1.It is recommended, in a first phase, to improve the operating
standards of the existing plant. 1In a second phase, SRRUC will
construct a new plant according to the most modern technology
and based on a design from the UNIDO—expert.

2.It is desirable that the collaboration between SRRUC and UNIDO
would be continued. Several possibilities for such a further
collaboration can already now be identified within the Xingguang

factory. (These are listed in Annexe Iv)

3.It is desirable that full attention be given to the environmental
problems of the Xingguang factory, as vell as to a gradual
improvement of equipment and operating standards.
This could be a further objective of UNIDO-aid to SRRUC, with

both short-term and long-range actions.



I. THE PMMA PYROLYSIS UNIT AT XINGGUANG FACTORY

A. Survey

The PMMA Pyrolysis Unit can be subdivided into :
(1) the raw materials’ reception and sorting area
(2) the pyrolysis cauldrons battery

(3) the storage of crude MMA

(4) the distillation/rectification units

(5) the prepolymerization step

(6) the polymerization step

(7) the quality control &nd packaging department.

All of these operations are now briefly considered from the
following viewpoints

- technical basis

efficiency and yield of pyrolysis

environmental aspects

occupational safety and hazards.

More detailed consideration should be given to these points, during
a future extension of the project according to the listing in

Annexe IV.
B. R : ials R . i sorti

The raw material of the pyrolysis plant can be subdivided into

a) shavings from a PMMA-button making factory at Shanghai (bulk
density 80 kg/m3)

b) trimmings from PMMA plates (bulk density 600 kg/m3)
c) mixed PMMA-wastes acquired in the USA, Italy, etc.

In the pew pyrolysis plant the feed material will mainly consist of

(a) and (b) in a 60/40 relationship.
It follows that the bulk density is very much variable, but also
that part (c) of the product is rather unpredictible in

composition, size and quality.




For this reason the existing method of sorting material (c) was
observed and found to be grossly inadequate. The following
suggestions were made to improve the sorting procedure :
a) to sort the PMMA upon a long (3 to 4 m) sorting table with a
convenient height and fixed with side walls to retain the product,
rather than on a raw, concrete floor as done at present.

The table should be long enough to receive the contents of at least
2-3 jute sacks with PMMA, as well as to accomodate a series of
- containers receiving the PMMA and the various contaminants (PE,
PVC, PS, acrylics,...). The table should also serve as a transfer
station, toc load the selected PMMA raw material into large, conical
plastic buckets (100L or more), which would make furnace loading
easier.

2) injection or extrusion types of PMMA have a higher market value
than cast qualities. Hence, it should be verified whether the
former can be sorted out and whether they effectively command a
higher market price at Shanghai.

Moreover, extrusion types are relatively rich in copolymers, which
form a source of by-products during pyrolysis and, hence, a problem
in purification.

3) productivity would be much enhanced by providing better
operating conditions for identification of unknown plastics. A
small testing table, installed off-line, would allow to have
doubtful products identified by the most experienced sorter, on a
basis of sound, burning behaviour, hot soldering iron test, etc. A
test procedure was explained to differentiate between PMMA and
other plastics.

4) especially the plastics, acquired commercially, have a fairly
uneven and unpredictable quality. A bag from Italy contained
easily recognizable foreign plastics, e.g. PE-flasks, which do not
contribute to the monomer yield and may cause obstructions in the
ducting. Moreover, the dir* and dust which is obviously present
may very well contribute to a decrease in product yield and quality
and enhance carbonization.




As a general conclusion it can be stated that sorting should

1) take place in better working conditions, and allow to extract
higher-value PMMA-types, and to eliminate dirt and unknown
materials more systematically

2) be accompanied by a more thorough testing of unknown and
extraneous materials, which decrease the product yield and purity.

It could be advantageous to wash some of the raw materials to
eliminate dust, dirt and floating plastics. After washing, air
drying is required, but storage time seems adequate to eliminate
all adhering moisture.

The sorting should be accompanied by a transfer of the raw
materials into containers, which allow easier handling than the
jute sacks used at present.

It is to be recommended that the product yield and raw monomer
purity is determined for each batch separately, as a first step
towards improved process and quality control.

The sorting operation is, at present, no source of air or water
pollution. A more thorough sorting and cleaning, as recommended
above, would result in a few wt. % of waste solids and sludge,
which require disposal.

C.Ryrolysis furnaces

The battery of 8 pyrolysis furnaces and cauldrons is operated
batchwise. The products emerge under the form of vapours, which are
cooled in heat exchangers using ordinary (30°C) cooling water. At
this temperature the vapour pressure of MMA is still sizeable, but
the total emission remains limited in size,together with the total
flow of pyrolysis gas. The latter, however, has not been monitored
during actual plant operation and hence is unknown in size and
composition (Figure I).







The main problem of the pyrolysis system is its extremely low
vield, combined with various operating problems, such as

low yield of crude monomer (about 70-77 wt.$%)

low grade of the crude monomer, which contains various impurities
as shown in Table 1

high consumption of coal

constant damage of the equipment

the heating by means of an open fire is a source of unsafety; it
renders the quality uncontrollable and requires intensive labour
- serious environmental problems.

In fact, these are the problems to be solved by the UNIDO-Expert
under the terms of the present contract.

The better yield, wvwhich seems attainable by means of the
UNIDO-process holds the promise of

- lower raw materials losses

- less purification problems

- better product quality

- less environmental problems.

The yield of the SRRUC-system compared as follows to other yields :

Pyrolysis Yield of Crude Monomer Refined Monomer

Technique Weight $ Weight %

- SRRUC
Cauldron 70-77 42-49

- Lead Bath 95 80

~ Screw-type .
Pyrolyser not available 85

- UNIDO-technique not available yet not available yet .

Table 2 : experimental yield factors in PMMA-pyrolysis




Batch Screw Pyrolysis
(*)
Methyl formiate - 0.3
Methanol 11.08 1.83
Acetone 0.96 0.09
Methyl acrylate 0.38 0.49
Methyl propionate 1.4 2.25
Ethyl metacrylate 0.65 0.39
? 1.3 0.68
MMA 84.27 93.46
1C0.04 99.49

Table 1.a. : Analysis of Crude Monomer

? - 1.15
Methanol 0.06 0.046
Acetone 0.07 0.006
Ethylmetacrylate 0.32 0.23

? 2.255 0.35
Methyl acrylate - i.19
MMA 97.00 97.05

99.70 100.00

Table 1.b, : Analysis of Distilled Monomer

Table 1 : Composition of Crude MMA according to local GLC-analysis
(November 11, 1985)

(*) Experimental Screw Pyrolyzer of SRRUC
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The low yield may be attributed to various sources, the effects of

which probably combine and enhance each other :

- limited purity of the PMMA raw material (presence of foreign
plastics and of charges) :

- poor quality of the raw materials (cf. 1)

- long residence times of the PMMA (6-7 hours) and of the
MMA-vapours (probably of the order of 1 minute) in the cauldron.
(The Cauldron diameter is 0.9 m, the height 1.0 m, the volume
approximately 0.64 m3, the charge 100-120 kg, with an apparent
density 157-189 kg/m>)

- formation of dimers or trimers in the liquid or the vapour phase

- autocatalytic carbonization, due to local overheating

- fugitive losses, distributed over the entire plant.

At present the relative importance or contribution of each of these
causes is hard to estimate. It is evident, however, trat the
actual procedures have to be changed drastically.

There is no quality control at all during the pyrolysis; it is

suggested that following quantities be monitored systematically

- weight and identity of the charge

- weight and composition of crude monomer

- weight of residue (on a carbon free basis)

- carbon ontent of the residue

- pyrolysis temperature in the plastic phase and in the vapour
phase

- condensate flow.

At present the end of the pyrolysis process is derived from manual
sensing of the wall temperature of the exhaust tube of the
cauldron. There are no further controls regarding the operation of
the process, the quality or yield of the monomer.

The environmental problems of the unit are related to
1) the operation of 8 coal fires in a cyclic mode : at the end of

the operation the coal is covered with wet coal, to reduce the fire
to low proportions. At that moment volatile products escape
unabated, since there is no postcombustion of them.




1.

A simple cyclone was installed recently in the flue to the chimney:
under its actual, unattended operating conditions it can only serve
as a coarse grit arrestor.

2) the loading of the hot cauldrons gives rise to fumes, which
escape through the roof. The problem can be alleviated by the use
of a simple, metal lock, grossly adjusted by means of a few, loose
bolts onto the upper loading apertures of the cauldrons.

Provisions will be required to aid

in the compression of the charge. 1
3) in the cauldron the unloading of
I=
, pyrolysis residue gives rise to a —
similar problem. Moreover, when the L

operation is halted the following
aperture B is opened, then the
discharge aperture A. When the
pyrolysis is not fully- compléted
yvet, subsisting products of
pyrolysis burn for a short while lt
above B. Furthermore, the

carbonized residue is Dburned

relatively clean of carbon while it

resides on the bottom of the Figure 2 : Loading System for
use on the Cauldrons

cauldron.
This may result in a loss of about 1 kg of PMMA-residue, on a total
charge of 100-120 kg charged, as well as in fairly considerable and
uncontrolled emissions.

~ It is noteworthy that the 8 pyrolysis cauldrons, although they are
well constructed, are completely devoid of any measuring
instruments. When the pyrolysis vapour duct no longer attains
200°C (!) it is decided that product evolution is over and that the
bottom of the plant has to be cleared ! In principle, the
possibiliy is provided to measure oil productions of individual
cauldrons, by means of a level indicating glass on 8 individual
steel container. It is doubtful, however, that these 8 individual
containers have been calibrated and that the volume contained is
efficiently monitored as a function of pyrolysis time.
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At present the major hazards of the pyrolysis process are

associated with

1) the loading of the cauldrons, which is inefficient and cumbersome

2) the opening of the loading aperture, which many gives rise to a
blaze of the exhaust gases

3) the operation of the coal fire

'4) the open storage of the crude monomer, which is unacceptable from
a safety and an environmental viewpoint.

D.S | Handli £ Licuid
Cxrude Monomexr (Figure 3)

The volatile products of pyrolysis are gradually condensed by means
of an air cooler, a water jacket and a tubular condensor. The
condensate flows through separate lines into individual receivers,
probably of an average dimension of

0.4 x 0.4 x 1.2 m or about 200 liters
which is amply sufficient to receive the product from one cauldron
{(charges of 100-120 kg).

Each receiver is fitted with a level showing glass tube and with a
vertical vent duct, used to eliminate non-condensible gases.

After each run it seems desirable to ascertain the amount and
composition of the crude monomer. This can be obtained by :

- calibration of the receivers

- reading the level on the glass tube, fitted with mm-paper

- taking a sample for gas chromatographic analysis.

On the last day of our visit the gas chromatographic equipment
became operational again. The column allowed to make the
distinction between several light products. Another column stould
be made in order to distinguish between crude monomer and higher
boiling dimers, trimers and heavies.

(As an alternative, distillation at a laboratory scale could be
used to characterize the product, especially with respect to the

heavies) . -




atmospheric vents
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_ level glass
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The individual receivers are emptied over individuval valves into
two large plain steel vessels, fitted into a cave.
This method of storage is unacceptable, because of
- safety hazards
- evaporation losses and concomitant smells in the surroundings
- the occurrence of oxidation with formation of
(a) peroxides, which may initiate polymerization in an
uncontrolled manner
(b) formaldehyde and other volatile organics with a pungent smell

Hence, the following corrective measures are proposed :

- calibration of the receiving vessels

- providing the receiving vessels with a convenient campling
aperture, which can be closed after use

- linking the existing vent lines of the various receivers to a
single vent, which is connected to a central treatment system

- storing the crude monomer in one or more completely closed
vessels, fitted with all safeties normally provided for storage
of volatile liquids.

Monomex and Prepolymer

Several methods are in use for the handling and the intermedizte
storage of the liquid products (crude monomer, purified monomer,
prepolymer, ...).

They are based on gravity discharge, direct, manual transfer and
aspiration by wvacuum into an evacuated vessel.

The handling and conveying of liquids in numerous storage vessels
is a diffuse source of vapours and smells ir the various workshops.
Hence, it is to be recommended that :

1) all containers used in the various workshops be fixed and closed
from the air. At th2 design phase, the possibility of blanketing
the system with nitrogen should be foreseen and eventually
installed, in case the presence of oxygen would prove to
detericorate product quality. Since all containers are closed the
origins of fugitive losses forcibly disappear. The addition of
pigments, plasticizers, initiator, etc., can be handled over
locks. Moreover, most of these compounds have a negligible

vapour pressure or smell.
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2) the various containers, mixers, reaction vessels should be linked
by fixed, steel lines. The flexible tubing, which is sometimes
used at present, should be banned, becausc of permeation losses,
and especially because of the risk of cutting, rupturing,
puncturing or leoosening; which would lead to a dangerous spread
of flammable 1liquids in the surroundings. Proper attention
should be given to the quality of plumbing, which should use
leakproof fittings.

E. Distillati Salting G i F i ficati
Bresent Procedures

The crude monomer at present is purified in two steps :

1) batch distillation, to remove a bottom fraction of the product.
The unit is schematically depicted in Figure 4; it basically
consists of a steam heated, jacketed cauldron, a column packed
with Berl-saddles, a set of condensors and a gsalting-out unit.

2) a batch rectification, under mild vacuum conditions, to remove
lights as well as subsisting heavies (Figure 5). The “pure”™
monomer is obtained as a fraction with a boiling range of % 1°C
at a pressure of about 560 mm Hg.

0 ing Conditi

The light fraction is obtained at a pressure below 560 mm Hg and
below 61°C. The "pure™ monomer boils at a set pressure of 560 mm
Hg with a temperature level of 61 % 1°C.

The heaves boil at a still higher temperature; also the pressure
rises above 560 mm Hg.

The reflux ratio is given by a value
of 1 while driving off the light fraction
of 2 while distilling the purified monomer

of > while exhausting the heavies.




H-

Fig.4 Distillation Unit (batch)
present situation + reflux added
charge = 650kg period of operation (7h)




(750kg)
i’t—.— (full)

<

Fig.5 Rectification System Process Flow Diagram




18.

Operaiing problems

~ Possibly the distillation und rectification may be combined into
a sinale operation
~ The grade of the refined product is too low (about °6 %). A
grade of 98 % or better is desirable
- There are serious losses under the form of -
(a) vent streams
(b) lights
(c) heavies
- Salting out the distilled product yields a polluted wastewater
with the following characteristics :
generation rate : 250 Liters, every 5 h
COD-value 6679 mg 0,./L.

Suggestions for further study

1) Since the present procedure of distillation is inefficient, it
should be verified whether its operation is warranted at all.
Alternatively, some reflux could be practised, using only minimal
modifications, as seen in Figure 4.

In W. Europe a first distillation uses live steam, which is
simpler in use, but gives rise to a problem of aqueous
condensates. v

2) the salting-out operation at present is ill-documented. If an
extension of the stud;, is granted, various methods of salting-out
will be compared and their effect on product purity studied.

3) the rectification unit seems to operate well. Moreover, once the
new pyrolysis unit starts up, the raw material will probably be
of better purity.

4) it can be studied whether the heavy fraction forms an acceptable
feedstock for the fluid bed pyrolysis unit of UNIDO-Design.

5) for the new plant, a continuous mode of distillation is warranted
(800 T/annum plant).
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F. Rxepolymerization

2zesent Procedures (Figure 6)

The crude monomer is mixed with the other ingredients, such as the
initiator, ABN = azo bis iso butyronitrile, plasticisers, e.qg.
dibutylphosphate (DBP), and releasing agents, such as stearic acid.

The raw material is stored in the material blending vessel (Figure
6) and in the purified monomer storage vessel, both with the same
composition.

A stirred tank reactor is filled with the content of the first
vessel. The reactor is heated up to the temperature of reaction
(91°C) bij means of a steam jacket.

The reactor is directly venting into the workshop.

Once the reaction is started the steam supply is replaced by
cooling water. Moreover, in >rder to maintain the temperature at
its initial value monomer is added from the second vessel.

Gradually the liquid becomes more viscous.

Finally the prepolymer is discharged through a cloth filter into a
storage vessel. (This operation is also a source of acrid smell in
the workshop) .

The prepolymer is then aspired into the degassing vessel, which is
connected to the vacuum pump. Degassing is continued for 40
minutes.

Finally the prepolymer is mixed with pigments in a vessel, which is
only semi-covered.
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Comments

1) A discussion of the composition of the reactor ingredients
(initiator, release agent, plasticises) is out of the scope of
the present study. Still, the procedure of prepolymerization can
be critized from 2 different angles :

- the method of temperature control is entirely manual, an
operator being required for continuous watching the glass
thermometer plunged into the reacting bath

- the reactor is venting in the immediate vicinity of the
operator, which has to be protected from this exhaust by a fan,
blowing this exhaust throughout the workshop.

It would be much simpler to
- install a thermostatic or thermoprogrammable control, possibly

after enhancing the cooling capabilities of the reactor. 1
~ draw a vertical exhaust line to the roof and connect it to a

general exhaust system for further treatment.

2) The operating conditions during the deaeration of the slightly
viscous prepoiymer are inefficient from a viewpoint of mass
transfer rates.

It is proposed to increase the contact surface between liquid and
vacuum, enhancing the elimination of air and other gases, so that a
shorter degassing period may be used. This, in turn, reduces the
amount of monomer losses to the vacuum system.

— ﬁ, o
; i N BVAV; K — v
é; . r
—t ) )
o/

Figure 7 : Improved degassing system
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It is curious to note that, after this degassing the prepolymer (a
solution of some polymer in monomer) is again exposed to the air,
while pigments are mixed into it and while filling the moulds.

This may lead to a dissolution of oxygen, a formation of peroxides
and an erratic initiation of the final polymerization. Part of the
poor quality of the PMMA-plates may be due to these circumstances.

Moreover, the storage of prepolymer in half-open or periodically
opened containers is a source of smell.

The effect of pearlite and other pigments upon (pre-)polymerization
should be investigated during an extension of this study.

6. RPolymerization

Rresent Procedures

The polymerization process involves the following operations :

1) preparation of the mould

2) £filling of the mould

3) polymerization of the prepolymer in the mould, while the latter
is maintained in a thermostatic bath

4) demoulding

5) quality control

6) packaging the FMMA plate.

The mould plates are rubbed free from polymer or other adhering
materials and cleaned with solvent.

Each mould consists of two glass plates, of a size of about 80 x 80
cm. The mould is completed by means of flexible rubber tubing,
wrapped in a kind of cellophane film, to avoid the colouring of the
PMMA by the (red) rubber tube. The tubing is curved in a U-form,
following the 3 sides of the plate and (after filling) also the
fourth side. It is maintained by means of spring loaded-clamps.




23.

When the mould is filled, by means of a flat type of funnel, the
top side is also closed, the entrapped air is eliminated and
clamping is finalized.

Still, for a short while tiny bubbles are seen to mount to the
surface.

The plates are lined and placed in a frame. A set of about 36
plates is suspended in a hot bath. The polymerizaticn of the
prepolymer is initiated by the rise in temperature; later the bath
absorbs the heat of polymerization.

Demoulding is aided by means of a flat knife.

During quality control a fair fraction of the plates is discarded,
because of the extensive occurrence of small bubbles and even of
large inclusions of a suspension of FMMA in water. Sometimes, one
of the glass plates breaks altogether, which yields irregular PMMA
skins in the mould and spillage of PMMA to the waterbath.

Even the "normal"™ quality Plates are but very rarely devoid o<
defects, such as a few bubbles. If these are small in number, the
plates are sold as a second choice material.
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Broblems to be solved

1) The water bath is a =scuice of technical problems. The mechanical
agitation is possibly a source of breakage of mould plates and of
intrusion of water into the moulds. The precise mechanisms have
to be investigated further.

2) There is no method available to test the activity of the
prepolymer. There is only a simple viscosimeter (measuring the
time requiredi for liquid to flow out from a vessel or for a ball
to sink in the liquid).

3) some kind of pigments (pearlite = basic lead carbonate) are

suspected from interfering with the initiator.

4) there is considerable deviation in the thickness of the plates.

5) the adherance of the plate to the glass is uncontrollable and
leads to more breakage.

6) the effect of amplitude and frequency of the excentric vibration
is unknown.

7) a remarkably large number of plates is spoiled by the presence of
bubbles. For this reason an improved degassing vessel design was
proposed.

Suggested Approach

1) investigate the present mould design from various viewpoints
(occurrence of water leaks, shattering of the glass, labour
requirements, control of the plate thickness, etc.)

2) establishing better quality standards for the prepolymer and
adhering to them, especially with respect to the cortent of
impurities and of MMA monomer

3) improving the control over the operating conditions during
polymerization (temperature, time, agitation)

4) any other suggestions brought forward by SRRUC or by detailed
study of the operating circumstances.




II. Environmental and Occupational Safety Problems

As explained in the introduction, the Management and Staff of SRRUC
have urged the UNIDO-expert to prepare a preliminary assessment of
the actual environmental problems of the PMMA-pyrolysis unit at the
Xingguang-f ‘ctory.

The following sources of environme. “-1 problems can be listed
1) dust and noise problems in tlre shgedding of the PMMA. Explosion
hazard.
(Importance : secondary only)
2) PMMA-pyrolysis
- emissions of dust, SO, and unburnt organics by 8 coal fires
(To be replaced later by new pyrolysis technology)
- emissions of fumes during charging and opening of the cauldron
(SRRUC to construct a more or less gastight lock-system)

- emission of non condensable gases from the condensate receiving
vessels
(to local or central exhaust cleaning system)
3) Crude MMA Storage
~ fugitive emissions and deterioration of monomer quality by
oxidation
(SRRUC to construct closed storage tanks provided with all
necessary safety features)
4) Purified MMA and Prepolvmer
- numerous fugitive emissions
(SRRUC to construct a closed system, which can be purged and
blanketed where necessary)
5) Rrepolvmerization
- vent exhaust should be sited out of the workshop and connected
to the general exhaust system
6) De-gassing
- vacuum pump exhaust should be fully treated; important loss of
sonomer to the environment, as well as safety-hazz-d
7) Relymerization
-~ moulds should be filled at a fixed location, which is equipped
with adegquate ventilation.

The various fugitive emissions can be treated
- by recovery in a suitable scrubbing liquor
- by destruction in a flare system
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In view of the importance of these problems a further and more

detailed study seems warranted.
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III. Suggestions to improve the Present Pyrolysis Equipment and

1. Prepare mass balances on a regular basis for charges of
different origin.

2. Improve the purity of the raw materials of foreign origin by
more systematic testing and sorting.

3. Improve the environmental standards of the pyrolysis unit by

1) short range :
(a) loading through a lock
(b) unloading only after pyrolysis is fully completed and the
cauldron is completely outgassed. To avoid a lengthy
overheating of the bottom a purge gas or steam could be
used.
(c) eliminating other sources of fugitive emissions in the
reception and storage area.
2) long range : adopt a technology, which promises a much higher
yield of MMA.
3) intermediate range : upgrade environmental and process
monitoring conditions.
4. implement some method of analysis, such as :

gas chromatography (*)

refractometry

density at a specified temperature

ASTM-distillation (*)

for improving the quality control of the crude monomer

(*) available already

5. store crude monomer in closed containers only with (a) a

reception container and (b) a2 container for product the qua
lity of which has been <controlled Lty analysis.
Off-grade crude monomer should be treated separately.
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6. controls of operating tempera*ure and product monomer flow
rate are also essential in the pyrolysis unit.

7. since the filier/carbonized materials probably promote the
formation of carbon and by-products it is wise to empty the
content of the cauldrons frequently (= after each batch) and
thoroughly. The "pearlite™ material is more dangerous in this
respect.

8. Tests may be initiated using a lead bath technology. Relevant
patents are included in Annexe V.

Environmental pollution should not be a problem, as far as tbhe
bottom of the cauldron does not burn through. This is an
unfrequent occurrence in Europe, but the charged material is
harmful in this respect, because it builds up a layer of ash on top
of the lead bath, and leads to superheating and excessive thermal
and mechanical stress on the bottom of the cauldron.

The latter should be sufficiently strong to support the charge of
lJead : 1 cm of lead in a cauldron with diameter fo 0.9 m weighs 72
kg ! Local overheating would impose a heavy burden on this bottom!

In Europe the duration of pyrolysis in a lead bath cauldron is

2 1/2 to 6h, depending on the quality (amount of filler) of the
product.
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3. Storage of Various Grades of Product.

The various grades of product (crude monomer, distilled & rectified
monomer, prepolymer, and distillation bottoms) are stored and
handled in open containers to a large extent. It is essential to
ban this occurrence completely, in order to minimize environmental
pollution as well as evaporation losses. There are vents on the
tanks for intermediate storage of pyrolysis product, which contain
a large amount of volatiles. Since most of these are at least
somewhat soluble in water it is suggested to replace a vent to the
atmosphere by the following system.

conclusions

The objective of our first mission to Shanghai was to
- wvisit the PMMA workshop in Shanghai ard collect the necessary
design data

Thanks to the preparatory work of the SRRUC-team, this objective
was attained without any difficulty. The expert exposed some of
the benefits to be attained from the new UNIDO-pyrolysis syscem,
namely

The further activities, i.e.

- conduct the necessary experimental work at & pyrolysis plant on
a bench-scale to determine optimizations of the product yield.

- design a continuous pyrolysis production unit

- prepare a report on the results

are now beind completed at a home basis. Afterwards the
UNIDO-expert will return visit to PRC with results proposing the
plant design and follow-up on the construction start up and
optimization if desired.

The consultant will also prepare a2 final report on the findings of
his mission.

Since various environmental problems and product quality issues

" remain more or less unsolved it seems plahsible that SRRUC will
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OUTLINE OF T, TECHNICAL D19CUS3ION
UITH THT BELGIAN CXPERY

From Jul, 19, efterncon to Jul., 23, foronoon ,altogether 3
vorhlng days.focusing on the statuse-quo and disadvantages of
the saisting PANA purolycis system,

Y. THERMAL CRACKING PROCEDURC

CX1SVING PROBLENS:

A« Lov grade of crecked sonomsr with lover content of
ARA and higher L{wmpurities;

8. Lev yleld (about 10-7T74);

C. Open fire hesting, unsafety, intensive labuur and
quelity uncontrolletile;

O. High consumption af energy and constent damage of
the equipment}

€. Serious environmantal pollution,

2. PURIFICATION PROCEDURE

EXISTING PROCLENS:

A. Low grade of purified monomer (most of it is less
than 9%, the spacification set by the fectory)

8. Lov yield (efter tuo steps of distillation,80-84%
product can be attained) |

C. WHigh snergy consumption l in theoretically, these :
two steps can be ¢ ned inte only ons etep, but
it je difficult tc*realizad in the practice);

O« Sericus atomosphers pollution ¢
e. Vacuum ventilator is connected uith air directly
end the exhausted ges escapggto the eir vithout
treatment}
b. Because of cleansing crude monomer vith satureted
brine, the COD index of the vaste vater uwill be up
to 5000-1Qp00 13
¢. The residual liquid after purified can not be
trested efficiently, at present, ve just use it ae
kiln fuell ; vhich brings about environmental pollu-
tion seriously.

3. POUYAERIZATION PROCEDURE

EX1STING PRODLEMS:

R. During the prepolymerization , tha monomeric activity
con not bes measured exactly, vhich leads to uncontrol~-
lable quality of the prepolymer;

8. The product attained aftar the vater=bath polysmeri-
zation exists a great devistion in thicknesas and
ve still have great difficult to control the products'
glossiness, us haven't find out tho relstlonahip
bestuesn the amplitude, Pfranuency, residant time and
glossiness of products, stabllity of thinkness}

Ce. Operating vith high labour strungth,

from Jul.23, afternoon to jul.24, forenson,Focuaing on the
nev deaign of a pyralysis system,
1« OLYAILED AEQUIRERENTS OF THE DESIGN
A. Ve hope to receive a design chart covering the wvhole
process flov {( from tharmol cracking to polywmerizing);
8. 1? it possible, va'll ask Or. Ruekins work in two
neriodsifirat,the design chart of tha PMA pyrolysals
technological process (in ‘Swa months), snd then Lhe
others.The design uill meset the needs of followingt
1

-

8. The capacity of the design vill he lOOV/V‘

b. The specificetion of the final produat qalnad
from the mass production with nsv design process)

9. Sale operating and labour protecting}

d. Cnvironmental protecting ( the standerd of the
dllﬁhll'l‘ﬂlt.llll’l

a. Ask Or. Buskens deliver the constracting chart
es soun as finiehing 4t, after 15 deys whan we
recelive the chert, ve vt‘l invite Oz, Buekens
to mission Shanghel sgain to confirm the finel
design)

0. If we mest with difficulties during the cens-
trection , perhape ve will request Or. Suekens to
come to Shanghei to conduct the debugging end
lﬂuc:tnneo checking of the system;

e Iriviting Or, Buekens to intreduce his designing
idea, and negotisting with him 47 he will sccept
the requirements abuve,

OESIGN PLAN

Ve vant to know the data of°'the required powar, fule
water, steam for 000T/Y production line su as to prepare
the nev system starting-up -euftlisiently,

1 IxX3uuy




PROPOSE PAOGNAIWE FIR THE STUDY VASIT OF
OR, ALFONS, 2UCKENS 1IN SHANGHAI(Jul. 1986)

July 18, Friday
forenoont

Aftsrnoon:
14330=44:00

Evenings
19:00

July 19, Seturdsy
forenoang
3:30-11130

Afternoony
13:30-16: 30

July :0 Sunday

July 2V, Ronday
8:30-11130

Aftarnoon:
13:30-15: 30

July 22, Tuesday

forencont
0:20-11:30

Aftagnoens
19:9-%: 30

Leaders of SRRUC and Nanshi Oistrict

8ranch meeting Or. Buskens at the

Shanghai eirport; [
Installation st the Jingjiang Hotel,

fenager of SRAUC,Mp, L1 Bingzhang end

relevant working staff wmeeting Or.

Suskens at SRRUC headquarters}

Oiscuasing the proposed programme,

Velcoas Banquet

Leaders of Nanshi District Branch, SRRUC
and xinoluang Plestics Factory hoidlng
& tagk vith Or. Buskens at Xingguang
Plastice F-ctora&

Oric’ing by SRRUC-team;

latrodu n! the gurpoun and requirements
of this study visit by Or. Bueskens.

Or. Buskens working with the SRRUC- :
team; Discussion on the stetus-yuoe snd ,
dissdvantages of the existing PMMA
pyrolysis system;

Discussing the thermel cracking pracedute

Touring sctivities

Continue the same subject as lact Saturdsy
Asking Or, Buekens to introduce the up~
to-deio pyrolysis tectnmolegies; vquip-
mants, and their sanufacturars and users
abrond,

viscussing the pu- .Picstion procedurs 1

-

Continue the same subject as last

sfternoong

invit Or. Buskens to introduce the

ste =the-art facilities and techno-
s in the fleld of purificstion

Dloauo;&ng She pelyserization procedure.

July 23, Vednesdwy
Ferencon 1
0:30-11330

Afternoons
13130-16:30

July 24, Thursday
Forenoons
0:30-11:30
Afternoon:
13130-16:30

July 28, Fridaey
Forencon;
0:30-11:30
wfternoon;
13:30-16:30
Evening:

19:00

Continue the samu subject aa dant
after . oon}

Inviting Dr, Buekens to introduce the
udvenred means, and technique of the
quality control in the fieyd of poly-
merizetion sbroed,

SRRUC~team putting foruvaord the detoliled
requirements and needs regarding the
oversll design o' PMMA. pyrolysis system
Or. Buekens presenting e pre iminery
design by request,

The economic sssossment of the recommandad
process snalyzed by Or, Buekene.

Compiling the note and prepering the
agreement separetely,

Adopting the agresment.

Winding up the study sctivities.

Fairvell Benquet

July 26, Seturday --3uly 27, Sunda

July 28, Mondey
lsio

Touring sctivities

Shopping, end pr ing te d
’h."'".t: preparing te depart

SHANGHAT RESOURCE RECOvVENY
AND UTILIZATION COMPANY

11 ¥xauuy
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THE OCSIUN RCQUIRCNMENTS UF AN IAPROVED
PARA PYROLYSIS SYSIEN

Ouing te the present PARA reoycling production enists

e series of preblems, such as lov yield, serious envirzon-
sental pollution snd imperfect quslity of ths end-
product uhich sffect the econowic benefite and hazerd
the vorkers' health directly, it must be reformed
systematically and completely to meet a crying need,

In accordance with the status-quo of Xingguang Plastics
Factory, the PAMA technologlcal reforastion should be
gcarried on in tuc steps: In the first step, prelisinary
iuprovesesnt should be adopted to cope with the environ-
sental nolliuting problem, vhich hes t3 be concerned at
a tep priority, as well es the lov production yield

by improving the pyrolysis precedure suitably.

As the second step, & PWMA pyrolysie processing 1ine
covering the vhole process flov , from thermal cracking,
purification to polymerization, will be needed . The
design vill be econocaic and ressonable and vill resch
to the advanced vorld standards. '

At the firat atep, namely the immediaste abjective, ue
have to focus our attention on hou to eliminate the
pollution end houv to increse the PMNA recovery rate
just on the basis of the present processing line.
Detailed means recommended by Or. Buskens vill be
helplful for us to iwplement ths technology modifica~
tion step by step.

At the sacond step, newely develepmant objective,

wo,
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8 PMMA pyrolysls procunaing Lline will ha designed
Lo moet Lhe rogulroamnaly na folloung
A. Vhe capacity of the tduslyn will ravh to BUD %ong
of PMNA vestes treantad per yearg
8., The production yield of pMMA = 857
Ce The uunlity indaxs
purity» 98,5 %
sclidityg 0,08 %
o« = mothiyl hydroxytltobutyrnte= 1,5 £
D THhe wnximum denity nllovance of thn axhaust gne
efflusnted 3
8¢ MMA (in the air ) : O, lnq/n
be MAA (in thae workshop stmonphern ): 20 mq/ul
€. The maximum concontration allousnce of ths vaste
vater discharqe! ¢
8, H value ¢ 6-9
b. suspenaion € HUUmg/1
c. C(lve day BOD S 30mg/l
de CODgp & 50mg/lL
e. potroleum < 1Umg/l
. leed & mg/)
F.' Nolse { out of the factory )
ae in the day time £ 65 dB
b, ot night § 55d0
¢. 4in the vorking aorea § 85 d8
Vs hope the preliminery design scheme of an improved
production process will ha provided to us vithin thres
months end L{f possible , may be sent Lo us et expert’s
esarliest convenience eo that ve can submit it to the
environwmental protecting government to clear and te
confierm it ., Ue expect Dr, Buskens to mission Shanghatl
in this coming sutumn, hotter sround October, we ®ey
discuss and Pinalize the furthor design chart end
stedive for finishing the gonstruction ‘tauving in
this year,
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Annexe IV.

POSS.BLE FOLLOW-UP ACTIVITIES AT THE XINGGUANG FACTORY .

1.

2

[ ]

3.
4.

Monitoring the sorting and grading of raw materials
Monitoring the testing of lead bath technology as an interme-
diate step to the implementation of UNIDO-pyrolysis technology
Advising on crude and refined monomer storage and handling
Advising on the collection and treatment of the existing =fu-
gitive losses of monomer. .

Advising on the procedures for purifying the crude monomer

based on (a) distillation (b) salting-out

Revamping the prepolymerization and degassing units in order

to reduce fugitive emissions and improve the quality of the
prepolymer

Advise on the procedures of production and the gradual im-
provement of quality and control of the PMMA-sheets

Help in identifying, monitoring and treating all environmental
problems and safety hazards in the plant

Monitor the gradual improvement of new technology, operation

procedures and environmental controls.




Annexe V

Patents related to PMMA Pyrolysis
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- Fontinuierliches Verfahren gemid den Ansprichen

1 wd 2, dadurch gekennteichnet, da8 das Verfahren
2ur thermischen Depolymerisation von Polymethyl-
sethacrylat (AMA) verwendet wird.

« Fontinuierliches Verfahren gemd8 Anspruch 3,

dadurch gekennreichnet, da8 die Depolymerisation
des PO im Temperaturbereich swischen 200 und

800°C, vorzugsweise 400 bis S00°C, durchgefihrt
wird.

Vorrichtung tur DurchfUhrung des Verfahrens gemiS
den Ansprichen 1 bis 4, bestehend aus einem Ex-
truder (1) mit Transportschnecke (2}, an dessen Aus-
tritesdffrumg (3) ein Pyrolyseresktor (4) direkt
angeschlossen ist, der einen beheizbaren Aohrmantel
(9) und eine Nohrvorrichtung (S) aufweist.

« Vorrichtung geml8 Anspruch $, dadur:h gekennzeichnet,

da8 sich im cberen Abschnitt des Py ulysereaktors )
eine AustrittsBffung (7) fur gasfdraige Produkte und
im unteren Abschnitt ein nach unten fihrender Auslaé

(3) fUr die nicht pyrolysierbaren Anteile befinden.

+ Vorrichtung gemll8 den Ansprichen $ und 6, dadurch

gekernzeichnet, de8 die Mihrvorrichtung (S) des Pyvo-
lysereaktors (4) aus einer RNihrwelle, voriugswelise

mit Adhrelementen besteht, die direkt an die Transport-
schnecke (2) des Extruders (1) angeschlossen ist.

20

3146194

8. Vorrichtung gemiis den Ansprichen $ bis 7, dadurch
gekennzeichnet, daB der Pyvolysereaktor (4) teil- .
weise mit einem, im wesentlichen inerten zur WErme-
bertragung geelgneten, nicht-gasftrmigen Msterial
(0}, gofilte ist,

9. Vorrichtung gemiis Anspruch 8, dadurch gekemnzeichnet,
da8l der Pyrolysereaktor (4) mit Sand oder Metall-
spinen, vortugsweise bis etwa tur HElfte gefUllt {st,

10. Vorrichtung gemi8 den Ansprichen 8 und 9, dadurch
gekennzeichnet, da8 Anteile des zur Wirme(bertragung
geeigmten, nicht-gasfOrmigen Materjals (6) konti-
nuierlich dem Pyrolysereaktor entnomsen und gegeben-
enfalls nach threr Regensration dem Pyvolyseresktor
wiedor :ugefihrt werdon kinnen.

11. Vorrichtung gemis den Ansprikchen 8 bis 10, dadurch
gokennzeichnet, da8 das im wesentlichen inerte, zur
WirmeUbertragung geeignete Material (6) im Kreis
gefUhrt und mit Gas, Reuchgos u.8. geheizt wird.




1P 18q0n .u.!-x!.. depniyxy wy o:!.—r!.—x! YL E L TEI ]
BUN2388207 USYISTELOYD UMDFTIBTUIIIU0Y ANT URIYEZI0A
UEe 38T LSS 616 £ S4-8N 40P PUM €Op 01 $2 $0-0Q 0P WY

‘AUUEKSq FJOAINNITIS J0IUN NEGQY SUDRTEINY J0P IS} J83T8K
*(usBunae}Be pun usydsTn *a2q

UL ‘el ‘o5 ‘Qy ‘US ‘PO ‘14) USTTMMDS \Djaleg weSeTp Uy AP
‘UsBunpuTqaes pUn USTUNLISSTTRINY *AZQ USTIBION UBISITAA UOA
Sunpussily S1P #9F 19 Sd-Ud SunplammerIesn? lep ENB pun ‘Jumy
=09 3,008 ~ OSV UOA In3nsedus3suoliNmey JauTe Toq TAIg we
~ubilami>6al uoa Junpusiss TP 38} (01 640 | Bd~Ud d0p stW
‘e ueuutasd Aaepryasep

ABLAIORYINTAING PUN TOURIN ‘v ' BINESTOIONMYOS pun
ToUsINg-U UGA 238N7 \"OU URS AP SNU ‘UBITEYLS IBTTIIEN]
UIP 2,082 ‘93 18q PITA USTIRIQV-VWM ITW SJeBgiL sep
YosyweD wep sy ‘USIYO)dee SpssustIOSNJU] Jepo pues delpiy
~40qNaNiRy A0IUALOJFTPUT STV PITA 650 piL | Sd-Ud 30p U]

‘opann ususBalyowy ‘asn slupy

“Us330y Jop ‘usiunSiuTalunie, 3j0isa0nwg *UBI0ITQIYUL UOA
AToBilunyqy 20p *A3Q PNLJUTR WP *¥°N TaQOA *3yaNgasIUN
USILSIS USISTA UB IDTSUTH JaDS]INCId pun JeydsTI010043 Uy
UOTINS OTP spina aB10d dep Ul *(0fL 62L S4-3Q) uszaesn:
~QUASY WA UsA SUnpuasly 43anp An3saadus) STP ‘epinw
INEINA *¥°N 10q0n ‘303709988 3,008 - 007 ‘€O UNDSIAL
usinjvaadsaisuoravsyiewi|odag 38q pata usuteusdtle w)
‘usplion umiesss Sundiu

=18430y USSEEP pun SIBTAIONISWTAYINY USPUSYSEIdsIUs
UOTIBIIUSZUONIIYITABBYITALD USSTTIaNS[ J0p Sop USSTalY
=0y wep pun BunBeadieqnamupy 18P VT 18QEp Usiwa

Y6LIYLE .. .

ol

s2

114

£t

[$)

swsqoadadney 810 (682 299 Sd-30) udayer-138igreag uap
IF0F VRS AAe) AP AB1IRYISaq ‘usmipmalnzyaIn: (WD
ITAINIMTAaK Sasou0ucs *ITIESWE WoPaIdPT Usp N2
Pun Bnazqrey Nz Sunafeqitass pun -0y 20p 1aq esjansierds
=18q $3 oya ‘(VWid) tAdTIseIAGIsmiiog sne *aqelioy arg

‘UINENE UAIEST tam

~Atodog-3e1 2003wt Aaen Ut s2awoucwo) ste 191s80ungs1Laoy

E°3 UG DTN SPUALDINIOTQ SIS SUTI “IwmOY Leaew
=0ucy soute Bunjtedsqy inz sa 10asq ‘usasilisananiyon asapp
TSP OTIQUISUT awa9p 13p0 20PLIQ STEYIPTY SUTAY YOsTw
=10 ap 38y Arialuc upIIsNog WIVEE Taq NEqQY 18P S1q
40p0 meqqy usliiion Wnz $1q 210 ualundurpag uopuaydads
=3Ub T8q OIS 37235 pun (Uapud uep W Brjngy) sTHYITOm
~OANWH S0P UST(O3S UMSTIqQRISUL uop e Juwupleq T1tiae; aag
‘PSTIM{IPeL uajneiion s3stAidcasuitog sep dA)

WOA UMISWATO4 0P [I€3102 Of ‘FunpIiE ‘3,082 APIALOmp
“TARMN 203 €2 2BFAI9T *200F1 WIINOUTH SIP 93185 awp
% BTLI0A UPIASRPIANY S¥p 2ap Faq ‘anivasdes)-Buyiied
O10 °NT UAIMWOMCR PUR UATEYTPTiLIEATOd USNOSTAT Buniisas
UTOSUPRIAARDTN) SIMNTISq SUT oy Injuaadee) Jeper
"N USIMEIadee] UMK 18qQ TeSay ep T OIS Jayey ‘azng)
=104 UMIRA104 WN2 ualowouny woA BumayOTy ug ubinyeaadeey
UB1pOTY T0q 18p ‘usaswoucy uoa pazardsuotavsiiamiiog aag
LA A sal1og uoa

S1puosaqeuy ‘uazamylAidy ‘g : o1n Uaasaklog uoa wolIes
~Fiondodeq anz usayelaen uES 3331230q Bunpuijag ar

ulasaiiog uoA UDjIesjame
~A1odag usISTRIY) anz BunaIyOTaa0N Pun weayRRIe,

761971€

ol

114

(1}

o




~saadunisuoyiostisitodeg 18q op pun Miisqn (r) douwes
«03A1044d UBUNSAA BUNIYDTII0AIYINY ITW UIP UT PUSETTIDS
~uv eqiaijem eiedny melTuig)sed pun walissntsatempds
SNE OS7WS) SPUMEISIUD SEp LD ‘(2 8)Mig) pPaIm YN
=sdyunp uopivsiisadiodsg oynsymiayl aT1etaind auts pun
UspLaa 34301q8d Ydo1eqaiIniades) USINBTNS uOTINSTINMA]0d
~80 UBISTIIOY i2 ‘USUES U} WEp ‘(] 8JR3G) uszTomdsed
~3ne ISYSUNZ 340p pun J3unzeluls (1) Jepniixg usp up ‘wiog
40340u101%402 SYme(oan Ut sstansBnzios ‘uetierasiny usp
-usisjstasadodsp N2 STP Teqon ‘2207STiewi1odsp ueIFWISqE
~SBUNTPUBYOE UBUITTUIOYY UBISI S UT ()) $103%88a88AT024;
UBUM{ESASA UNIYDTLIOAIYIN ITW SSUTS pun (|) saopnayyg
SoUfe BUnpUIALSA 103UN USTTETA0IWY Usiswiiod uspusSery

=d0A dedipyasey siv tadey lep Uy uspusley sy asuiiodep

1 BTN UBE LU USMDY USPIBA DT IRITAIGA pusyaSIten
AR 10p UsBUNIEpIOd STP PEP ‘UspUN)ed nu spane 83

‘USPLON 303413204 ITYITTEON YOeu usselzamyog

oA Bunpussisy 1P JNE YSNE 011108 YITIDOTTYS ‘UMW
N Buyn;o1r iUy SDSTEOUOND ASYDTIRow BuTs Jns tea
dsuiry ‘ualgy ‘asn usseliqy ‘urelitwsBunsg ‘wiq wiedpay
usdisspl) uniBusedundes ‘UspURISHI 37w Sumseieg ane
Suwjwn welujael 3syd118gw UT U, SEp B3T108 doatay
*SI0TAONYIowTAYIaN UBUTE IMyRY 1w

Bunuutas) STp 14eas PUrUBiepiop W] I8pTEMIGA 8T18IYORN
ubumusl aTp wep ‘uspul) n2 Wie3sssings ] Aaosyasg UoA
UMITSTIouATOdOD PUN -OMDH USIBGNEQQE (DETWISY) USISpUY
‘A2q IRTAMMHMAYIsiToy STA ‘usimdog uoA WOTINS
~fisudiodeg USYISTMINYY ANT UBIRZINA SUISTUDE) sopusy
~10G49 O} [401RUTIN0Y UTS ‘OqEBiny o1p Jeyep puwiseq 53

.N.

-t~

76L9Y1¢E

os

82

oz

1)

dl

i
o jeossu

“IPIIQNS usayesiey stp
1025370Q 11030y UMYDE208 IYOTL 18p uslvaacry svg ‘usaen
=ioA Nz Sy nprsBusaz aayn; Sunpoean I NEIND ostaniin

AT BUTE ‘UBEEDY UBTTOIY UAIRQYCLI-IYSU oA Suraslie)qy
$310jut sxdempsIspnIaXy sap Bunydoasasy anz TIMAPRS ayes
58 MY S10p012X3 S8 QIMuMY esloadd usTRIo) a8 109
"uaSTpoti3eq BTLIgA 3yt

Imsednny oy HPDAL Jop Sepurys sep s 10) T

‘20003 N2 pun Sjpuanyne

N2 Usurewedile wy Jeyep puis uauyeziss 81q * (seBesAToasy)
PIRSIND;J0as1enes J03un *a2q selzanyns Je3un useqry

SFP tISRIOJIS 81§ uspion Japuanzan BIBRTPSULS puts ‘usjg
"3RSI ‘usjoIycIg *usjouesyoy ST ‘eavBaully saeu
=Sl uswopayeay syostakiondd 103 qrasg wepsTRRN up
SIOPUT O 5 06 IBEI30q WK UB 9InaqETY 1 “uspue
‘¥0N5L ‘98 “2asqywep srw Y218 IONL opunas/By 5 uoa s
~U3ING-WOUTS 1w 3,005 ‘A2q 05 10q InaeBesAToudy-uaydaRpS
=JOAZ WAUTS UL USTIRIQV-WiiNd UOA osd10udyd T IRy IUOY
*PAIA I0YD112q Wy

SI® 23anpold usPissnty 2ep § S6 S1® Jyom uoa Ruuuyneg

OIP 20qn 1aqom ‘uaqelat ),005 UOA Amvasdes)shunziasie
UMPSTMION] 20u1s 1aq WnnyE Jeaun dPNRIXMSPRMRPENT

Wi W N2 Wil oA Bunz105107 oTp yone pata a3eyierds

=184 ‘USpIMM N2 LIBTSUMPUOY 310p W ‘puys ustsoTyItedue
SI0prUIXT S8p JSpUTIAT Wy usduwgosBeaysny o1p W P
PdTen ‘uspisn 1s1)a1eBute T L0ASUOY JESUIPUDY

SUTS W} sMpolg uMBjayoniJasa ‘usizassiaz YsTeaa

761971¢€

st

oz

s

]}




‘pia f..:u.. ‘1 "u

-\onEy ‘9D S{O01ITW S]UILIIN USPLIINET STDIY WY
o1p pon 23yn3ed ST03Y 81 (9) 191403wy spuslBirieqnimipe SEp
09 109 .l.-o».u‘r_.!u!! oute 393 3)eYIreiaca ..-g‘a

~¥0q wmy Jynjnaetling eBjpuaniou #1q ‘UTeS Nz 1sqzTeq
ANSTP PIV NI I0qE ‘WY (y) J03EalesATONAd dag

*387 Yor18pm Suntayieualey

soens sivjasany vepuslsaiieqaeauipn sop sSustie) ussspul
Aouye BURIINIAGPOTH PUN SIMBINUG MYOFTISTAUYIUCY SUTE OND
‘uges 3neqed Os ssyensiatdsyeq Ny (p) 202ARAIsSATOLAY lag
spaga AYpeaden (9) 19130Imy opusdnaisaqnawspm sep gep ‘utes
yngadene os usuy (§) Sunaydriloangy 30p sjusmsiesyy 10
13N OTUTS SULy SUSNOSIAA (1080y) ITONBTESDNTAiNdS ITe
suts uy qoyg seasulteed ute Jaqp estensterdstaq pun (g) gel
-sTy USUTS 2090 *g°2 ‘usBuijelsne usuN YOBU esTMMIMEY
~1103404 UOpIOR 31T03Uy UsEqaRfsAToxdd JydTu 81q ‘uspian
Azeinz SunI;eqIEny USATINTTEISH dop efBlsussiny 18auy
Sunzapusny 203Un 19qTe2ITEN Usaxy ssuBasitoild 810 *(2)
$103480.108410449 $0p 1101 USZ0Q0 we oseBasiloldd o1P 203

(L) Bunuz3esia13I8W OTP YDTS I0PUTJEq MSTANIAIFMTTEII0N

o USPIBA FPUMLIBA(ITH) ‘usaegsiviry uoyrIesIiem

. «Arodaq e1p SydTem ‘uSI1B|203MN YONE UBUDY STTEuUsUEqeSeD
+aBuag uy ‘p°n 32 ‘andiasery ‘eupdsyinig ‘puss ‘y'2
SUBTTRIA0ITN USPUIYSISEq UIMTIINY UM ITIBeNaq T SNE
SLopuUOSAqIU] ‘UsIuuMNeq AsTRileqnemipy S18 AFUDEL 10p pumIS
usSyintyosule wep Sne S1p §'3 UNDY INJISTH °(IMMA2

=0q 1972030 sopuslnirieqnomipn, ste Wepuslio} wy) ‘ating
-a3 (g) tejasamy vaStuwigised Ty ‘usisuljsed Buniviiieqn
~BMIRN NI ‘UIILBUT UNPITIVISER WY WU 318 03JIRH aMm

30 ‘OSTANT102 (§) J03NESINSAlOLlg 30p 38T esiamsnziop
‘uges usssolysalm (1) si0pnalxy sep () eydewpsaodsues)
o1p Um A0ITp SSTMMISIIPIIIONNI R (§) STTOAIEN 010 °38%
30338350080 UDIUSWRTOINTR 3TN STISAITY J0ULD 278 OSTAA
-sjejdsyeq osT ‘3131858q (§) BuniydjLiioalgN sute sep

.@.

-py s

961971¢€

ot

11

oz

1

.. —— e e a—— -

‘azpogel)ne (11,000 - 05T ‘€3 4028230032 awmos

1P JNe Ly UoA [BTASIM; STP Pata Jopruyxgy up 0y

siefadjemisi|og sap ¥uijupy mep WU Jeqralajean
Y [

‘UR9ISIq WIOY JMPSTUDY J3PO IMPETIPUTTAL WY SsTemsietdsteq
‘ TOIMMINGY UNPSTITTION WIS BIOPUOSIQEUT *IYoy WBIRQTYeyeq
(Usgne uca) wawrge sow draupag wp Wy () 0ayeaussijorsy asg
*PEA 202pa8 () 203pesaesiyoaly

Uop UY 1MITP ((£) FMOUMNIAPS) BunuFIRsaaasny S1p Yaunp
UsseBatA1o4yg PUn SSIENDS SE YOSTWEN 030p11qed 1aprulx] Wy
STP WOpU] ‘g°2 ‘uUSqIL118q UOLIRUTQUDY JINqIAITEA V) (p)
J014weansAlosd pun (1) 20prulxg UdpIA esTanzadigrEden]

o 94005 S1Q 000 TOQ atyensBnzica ‘2,008 $1Q 002 18q YOIaa
=04 10801p Bep] sITTALOMRINTAIINATOY Sop o1TRy W] “wumy
usB1oj1e usismilod usIYDRIqeBuTe Jop woprestiemiiodeg ariera
~dud gep ‘uspion aTYINGS OF (1) SIPRIIXF SEP UAIPRISQY
uspusmmoy aBeijuy usp uUT usTios uskmBurpsqumatiadme) 31

‘(33 6201 'S ‘] "Pq ‘uneag °Q *n

Samata ‘Y 2equisneiay ‘\onqpuwmi-jjoasasuy “iBa) wrepagy
PUR USNEQINEXINIG ‘UBIDSTH PUN VIZTAMADEITY UINPTP

~10A PUD WISRIQ] TAQEP IPTIEN JOPNIND W] JWIQEQaTOlg
200 ‘uspien Jpejalusasn ,10pnaX3,, 311831 emms

P 13un REPUTIAG UAPUIBSTIIOA J0p GATS W BpPTeR
SURMIQY USPASA IGPUSAISA UBSJJOISISUNY UOA USITIRPSITY pun
Wispied Wz ((2) SYIMAIDSI10ASURL]) SYDORDS 2apUILS]I
=01 37w UBRMIYOTLAION SIRGITIY ‘WITIGNSTOpURY UanaE
~SBUNTPUISY UISTRIND UOPTAQ USIEIS 1P IDJ QP ‘usyes

M URISP 157 SUMIYBIsA UpEAlswpuTias Sap TT0i0n

J8I0puosaq UT UMITZNq WemETY U] WqeRuus|(Y?
1P YIS 91p Jne 4 31y Jusip RmuaIngta3 usigu
2 *(p $JNIS) USPIAN LISTSUSPUOY PUSHS [T Bsatp
PR (£ 8jmas) PafA 32308333105 eumpoyy leBjwmigieed
Sunplig Je3un WORIesTiaEAIog SYPETIIA TP Uy

.m.

-4 =

619%1¢

114

(¢24

st

N

PSR |




o089 : Joyqeaaesiioiiy
2,080 { SUOTYIWI) pun -3TENPS
000 - OS2 ¢ suoSTR MY

*3910j o1

ogoidsreg o1p 403 OIS 303TRISeS Kniyerieasnmynsedes) eyg
*(y) ommaiesitossy wy

Ure § - §'0 T0q pun (1) A0PNA3ID Y U 2 $1q | ‘0 Feq usery
‘oziomiog 1P Jne WB038q ‘w.iTeTTiEMIs (UnITIRyIsel) oyg
13035070 (p) JoNMEAINSAI0NA4 20p PatA 2y

OSNn PUN J0pNINY W] SUOZZIGWPE PUN -TTMJTY S1p pita leBupy
omn ‘IF0ZTISNIDA OFP 202N Of VTS Bumidei) eSTRURISTION
2s8usn 20p0 Jyem (1) IOPRIING WY 3323 ITOITTAAIA \OEU o

* gty

=33 dop SunnInglsg ant weustp S1stdsteg uspuaSto) eyg
‘usljures

03 UIBFUTS pun \DTTMMEIJEITALES 28] Buniydtilon oammsel
o1a *s1104 sutey yosTaNRad JTeTdS USILENSTEINPI] Wep
u» Rugdoisasy asp Jywep o1q °jne M asp BnSjures
«ANMSA SUTY 33743 57 ‘UMAPAL N3 IYPOTU UNISTQOIdiec TN
-G I8 357 OSUBQE ‘USRISN LID]SUAPUDY SV LPUSIN’Y
~Foe oTp Wp ‘Jne JOTU 1080y 2ep UT We3Iss) swejqoadsslqy
*afurag pis

310 swejqord usdSTEOIOND USPUSTISF NPTMD SUT Ty

5 1784 ‘YOTTIILIYREII0] S20PUOESQ GTM{SEP YONT 38}
uslywiaey seg ‘38t usssoryasalqe PIP FnJusYW P

.v‘.
-y

761971 .

sz

oe

1)

PR o ——

*Js05P 139 ‘g2 180
(9) 2oayeasssiiorsy vep iny 20maydry ag ...u:etz._-..
(2,080 Yoa anyvaedearayoyy apw) UOTYICL) pun -z1owmpdS
g TTI0 (Q PN (5,000 - ST ATW) SwOzzRgry ewte (w up
€3 RIS usese (1) Jopraaxy wy Spfsaqaniezadue) o3q
'Y .

uelal suozZIemPS Y PN -20pIQd OIP BP ‘USIYDFYND Ul
~3IMPE M ueuTowelTIE WY USIRJIGA SEP YOS IPRT daafan
*MOIpISUN pusyeliaten g2 PIA usMpolduaqen
USIASTIPAY Woa BWWTIR 010 (W) IMALdWMpEARe sy
RS Suspuoteqeut ‘sunposdsusayeiion eutes \PYTAgn
=olun uss 3TIES \Runpeq puis 3eselsne Sunpary a3 asp
UB}200 Wp T8 URIWRISQRS USIBTRIEQ USUOTI(REIUSqEY
UDNPRIPLLON NT ST USSP ‘UBITBITTAMIGA UBZINY A7)
=81 O1p puts BTISUS SIOPUORSg °IINUTETHISE ecTen 1a3igpe
=302 4T (1) Jeonaag uep U} ualuTiqUT WeP 104 STIRIQE
~pr8227Mdg 20po -se(B1Aidy oYp Uspian esTaIRIWTYSIIGN
*sowaiqozd pun YeFuTe 103iwnss

=Un \RIs InTnsel suselie, sep Bunnpyoang spetayead
1P M 1PRTTIPTSINGN ITWoS puls syngrqusunaaqinasy aig

"IN WAIRRIND 103yBassAT0240 UsIreqelne yOesuTe weute

I WTISITQEDY U} 1I9N0G JSTTSUOTIUNANCY UASPNLIIXT IV
YIS €3 gop ‘upaep 18811 susayefio) usppeelshunpuyiis sep
TE8330A UTg *we Rnajaqieas) pun WOTINNPON] SNE TRRIs)
~SNTTSFY UWOA BUMLISMIBA INZ UBIVEISA SEP OIS 13074
SISpUDSEQIU] “UBISEAICY UGIOPUT USGOM USQTeSSSP Saes
~Hoa10d0) 202vqLTSTIONATOMIP YRETALND STAOE (W)
Wlompeineaiiog uoa LOTIRSTImATodag UKRSPIAR
ant sispuoseq IS Jsulre Rnpuizag A ueaye)tap sug

o SRR 10 TRpPENS .

“UP (») 203esaesAiolsiy wep 28pTNISQRUOTNAT *g°2 *(01)
J0PTMREEENY P -qnes S3ouB1aed (2) Sumijesiajaasy
TP W PUOPITTIPSUD UMY ssTamlaliomeiden ueliojie
SUMSTWTN Sop 83N7 WY SIvTaeIEy LspEIBRALINGNIMIPA Sap
(soBney Iye *§°1) USTAITY Yurp YO ssTensietds

/A
-

6L97LE .. .

se

ot




s we

S 4P

Antried

1 83mg

3 mg

€ yms

sSuymy

usasufiog wea wojjvsjisniiodeg uswoRjEISY) NS

“(0%H ¢ 2°0 twht b 2'56 ‘amkice

~TARSA { 9°5) TPIW UNITIES eydsy BY $2°0 PN Jvsuspuoy
3% 6'012 voqon *3z30s0lpang By £° || woA RmsTeTeepE S
dare 3 (WAmpeARenitod ‘Wi STIRIQUIN

! «2313d5 BY 112 uspaTw 2 Teydsteg uca sleruy eTp Yourg

£ tsdstog

“(0%H { 28°0 twat \ 02'06)

USRINW UBITIEIS MSY 3 0'p PUN JLSUSPUDE-N

31 5151 Teqon ‘az3esalvppang yBY |2 uwoa Raasteruspans
ASUTS 7R STIRFQV-WNN BX 2251 USpane 53 wessOTRS
~sBus DURISTOTZION MY 01 IV ASHORINPUN I03100RTIA
© 08 FB WEe spinn | [epdsSTag UGA JepRILXg Wep uy

7 hdere

eI W
By §'01 NEISTAIUIPUMIS (WY § 96) IASTIUSRUDY IFRITP
Yol W BX §001 P 3z30seBnz STIRIQV-WaN BX 0LOL
uspann BUISTOTZION MY 0SL'0 PUN WS Sp Jessemparg

‘w0 §'9y SRUF] * (ASIRINPMY) 203yeeacsdiords Tty -

PUSINSg 3TN 833TEH 22 of ERIGITRPSIRP 318 ‘my 0L
Sunastetziay ‘obur] B 2°| pun Jessampirg W §p WA
SISARDE JNIES ITE LOPAIIABUKONRPDEUTR WIS U]

T tovdetoq
-“‘o
l\ﬂt

Y6L9%7LE .

114

S

o1




Annexe VI
Economic Parameters

The total workforce of the PMMA-factory, which operates in 2

shifts, is as follows

per _shift

8 cauldrons
distill./rectification
prepolymerization + pigment harmonization
polymerization

mould preparation
water bath
maintenance

logistics

analysis

quality control
packing

S oprrators

2 -
2 L]
12 "
6 "
6 L]
4 L]
1 ]
1 »
1 »
1 ]
41 "

This number seems very high. Due to the summer period activity was
low. Most work seemed to take place on a part-time basis.

Other economic data

Dtilities

Power 0.1 Yuan/kWh

Coal 0.12 Yuan/kg

Steam 0.05 Yuan/kg (low pressure)

Cooling Water 0.20 Yuan/kg (32°C)
.30 Yuan/kg (about 10°C)

Raw Materials and Products
PMMA-waste 3.0 Yuan/kg

Monomer 8.0 Yuan/kg (Purity 98 %)
Manpowex

Operators 1.5 Yuan/man-hour
Equipment

Raw material cost of plain steel
2000 Yuan/tonne

Equipment cost, simple equipment in stainless steel

20000 Yuan/tonne




aAnnexe VII
Ihe SRRUC-team
Mr. Yuang Yongling, Manager Washi District Branch
SRRUC

Mr. zhang Dexing, section chiefa SRRUC
Miss Sun Xiao Lu, asst. engineer -
Mr. Guo Bangda, technician Nashi Branch
Mr. Hu Zhongging, vice Director b

of Xingguang Factory »
Mr. Liu Pacping - - b
Mr. Zhang Yanxias, interpreter SRRUC
Miss. Cheng Qiuying, " bt

Mr. Xu Ruitian, engineer -




SEPORT OF NOVERER LS, 1006




RESTRICTED November 15, 1986
English
DEVELOPMENT OF AN IMPROVED
PMMA PYROLYSIS SYSTEM

SI/CPR/86/028/11-51/32.1.H.
PEOPLE'S REPUBLIC OF CHINA

Mission report :

Prepared for the Government of the
People's Republic of China
by the United Nations Industrial Development Organization.
acting as an executing agency for the United Nations
Development Prr~gramme

Based an the work of Alfons G. Buekens,
expert in waste recycling

United Nations Industrial Development Organizat.on
Vienna

This report has not been cleared with the United Nations Incustrial
Development Organization which does not, therefore, necessarily
share the views presented.




TABLE OF CONTENTS.

1. SCOPE OF THIS REPORT
2. SELECTION OF AN IMPROVED PMMA PYROLYSIS METHOD

3. PRELIMINARY DESIGN COMPUTATIONS

4. DISCUSSION
5. ADVANTAGES AND DISADVANTAGES OF THE PROPOSED

SYSTEM

Datist_cammuintians sre being conducted in order ®© assist the Chineee
counterparts in the dimensioning, construction and testing of the unit.




2. SELECTION OF AN IMPROVED PMMA PYROLYSIS METHOD.

Pyrolysis processes may be conducted in various types of reactors and
modes, e.g.

1. as a batch process, or
2. as a continuous process OPTION (A)
1. in an indirectly heated reaction

2. in a directly heated reactor OPTION (B)
3. in a reactor with circulating heat carrier

1. in a vertical shaft reactor
2. in a rotary kiln reactor OPTION (C)
3. in a fluidized bed reactor

At present, the PMMA pyrolysis is conducted in a batch mode, in an
indirectly heated pyrolysis retort. This productionmethod is described in
detail in our previous report dd August 1, 1986.

After consideration of various factors a_continuous fluidized bed type of
reactor has been selected as an optimal means of conducting the process.

A batch process will necessarily have a lower yield as well as less
convincing safety and poliution records than a continuous plant.

Moreover, at the scale desired by SRRUC (100-300 kg/h) a continuous
operation becomes desirable.

Option B3, featuring a circulating heat carrier, may be considered to be too
complicated for this scale of capacity. Moreover, it would require very
extensive development work, which cannot be completed within the scope
of this pro;ect.

A verticel shaft reactor is unsuitable for the pyrolysis of shavings of
PMMA (button factory). Moreover, a rotary kiln roactor presents a difficult
sealing problem, which entails suppiemental environmental and safety
precautions.

By eliminatior, a fluidized bed reaction, either directly or indirectly
heated, has been selectsd. Its main advantages are : high yield, high
selectivity, fast heat transfer and continuous elimination of the filler
materials. .

As a transition measure, cauldrons with some molten lead on the bottom
can be tested and used at a scale determined by mechanical constraints.
This method car only be used as an interim sciution because of the poor
heat transfer characteristics which arise when treating pearlite filled
PMMA.




3. PRELIMINARY DESIGN COMPUTATIONS.

The required performances of the improved unit are given in Annexe lil of
our previous report.

Capacity : 800 tonnes/year

This capacity can be realized in several ways :

—unit_capacity : 100 kg/h

A fully continuous operation (during 7 days/week) yields a weekly
production of 16.8 tonnes/week.

The required capacity is obtained, by operating 47.6 weeks a year, leaving
a meagre 4.4 weeks for maintenance (8.5% excess capacity)

-_unit_capacity : 200 kg/h

Continuous operation for 6 days/week (136 hours at operating
temperature) gives a weekly production of 27.2 tonnes/week, which leaves
76.8% excess capacity, which is extremely ample.

=_unit_capacity : 300 kg/h

daily operation in 2 shifts of 8 hours limits the effective daily operation
period to some 10 hours at the desired temperature. The weekly
production (6 working days) amounts to 18 tonnes/week, which leaves only
11.7% excess capacity.

The desired capacity of the unit can be selected by SRRUC on the basis of
the previous considerations.

Fluidized Bed Unil
An indirectly heated unit may either use steam or pyrolysis gas as a

fluidizing medium.

During start-up an external supply of steam is required. ur computations
are based on steam of 110°C. The minimum steam quality requirements
are determined by the pressure loss over the plant.

A directly heated unit is simpler from a conceptual viewpoint, but also
more delicate with respect to safety and environmental considerations.

The fluidizing medium consists of (a) gas obtained by (slightly sub-)
stoichiometric combustion of gas mixed with (b) recycle gas to adjust the
operating temperature. An afterburner shouid be foreseen to complete the
combustion of the purge gas to the atmosphere.

The prelimina’y design computations are based on a fluidizing gas,
resulting from stoichiometric combustion.

The recovery of MMA is simpler in an indirectly heated unit. For large
units, however, the available heat transfer surface becomes rate limiting,
$0 that the latter should be extended by suitable means.




Preliminary Design Computations were conducted on a basis of mass and

heat balances; only kinetic data have not been incorporated yet. Hence, it
is assumed that pyrolysis proceeds sufficiently fast at the selected
reaction temperature. The equations are given in Annexe.
The following basic assumptions have been used :
Bed Height = 1 m
Bed material density = 2 400 kg/m® (in case of indirect heating)

diameter = 500 p
The minimum velocity of fluidization (U, g heating) is computed from a
correlation given in Reference (1)

The fluidized bed(s) is (are) operated at a value of the superficial velocity
u, which equals 3ups This value is optimal from a viewpoint of heat

transfer and aiso ensures a thorough mixing of the bed.

The heat of reaction is supposed to be 2 430 kJ/kg PMMA converted (2);
this value has to be confirmed in actual praZtice.

The over-all heat transfer rate coefficient is supposed to be 0.5 kWImz.h.
which is a high value. A lower real value could lead to capacity
limitations in the case of indirect heating.

The pyrolysis temperature in most computations is selected to be 500 °C.
The pyrolysis rate is supposed to correspond with a heat consumption rate
of 4.10° ky/m , h. The definition of this rate is given in Annexe.

4. Discussion.
The actual design data computations are given in Annexe II.

in direct heating the resulting data can be summarized as follow.

capacity 100 200 300 kg/h
Reactor Diameter 465 657 805 mm
Gas velocity 249 249 249 mm/s
Fuel consumption

(natural gas) 17.9 35.9 538 kg/h
rlow rate cooling ‘

water 5.0 10.0 15.0 m/h
Condensor Area 5.3 10.8 15.9 m2

in ‘e hypothesis that the rate cf reaction would be adequate at 400°C the
reactor diameter of the 100 kg/h plant bscomes slightiy smaller
(432 mm), along with the gas velocity (217 mm/s) and the fuel
consumption rate {i15.5 kg’h).




it can be concluded that the reactor yolume is essentislly determined by
the rate of heat generation by combustion. which based on losses 3t 10%

deducted in this example amount to 4 million kJ/m3, h. This is equivalent 6 the

sensible heat, delivered by the fluidizing gas to the bed, a value which can
easily be controlied by varying the inlet temperature. The distributor of
the fluid bed should be constructed from a heat resistant material.

The major unknown factor, i.e. the bed temperature, does not have a large
influence upon the individual design parameters.

For indirect heating the corresponding data become (same basic
assumptions) 500°C,

Capacity - 100 200 300 kg/h
Reacior Diameter 383 542 664 mm
Steam velocity 381 381 381 mmS
Fuel Consumption

(coal) 30.0 65.9 106;9 kg/h
Steam consumption 452 90.4 1355 kg/h
Heating bad temp. 713 801 869 °C
Shell diameter 660 960 1210 mm
Flow rate cooling 3.8 76 11.4 mS/h
Condensor Area 4.1 8.1 122 me

In this case the heat release rate corresponds to the amount of heat,
transferred into the bed from an other furnace. In this computation the
latter is supposed to be an external fluid bed, in which either coal or gas
is fired.

in the hypothesis that a sufficient production can be realized at 400°C the
corresponding data become :

Capacity 100 200 300 kg/h
Reactor Diameter 368 520 637 mm
Gas Velocity 381 381 381 mm/s
Fuel Consumption

(coal) 24.9 54.0 86.5 kg/h
Steam Consumption 47.8 95.6 143.4 kg/h
Heating Bed temp. 604.4 689 754 °C
Shell diameter 610 890 1110 mm
Flow rate covuling . :
water 3.45 8.9 10.4 m3/m

Conden3or Area 4.4 7 13.5 me

| =




This results is in somewhat lower furnace temperature and fuel
consumption values.

In the last few computations the effect was studied of

(a) using natural gas as a fuel instead of bituminous coal

(b) halving the heat transfer rate at the fluid bed/wall interphase

(c) using a finer sand particle size (0.25 mm)

(d) using a much lower value for the heat of PMMA pyrolysis

Variation (a) has no effect upon the pyrolysis bed and only a small effect
on the shell diameter (0.71 in_stead of 0.66 m)

Variation (b) leads to an unacceptably high temperature of combustion
(926 °C instead of 713 °C) in the heating bed.

Variation (c) reduces the steam velocity from 381 to 96 mm/s, leading to
a reduced consumption of steam (10.6 instead of 45.2 kg of steam/h). The
inner and outer shell diameter remain about the same, since they are
determined by the heat balance.

Variation (d) has a favourable effect upon : the reactor diameter, the
combustion temperature and the consumption of coal.

5. Advantages and disadvantages of the Proposed System.

Two versions of the PMMA pyrolysis system can be postulated :

1. Internal heating by means of

(a) a very hot fluidizing gas, gonerated by combustion of gaseous fuel and
admixture of cold pyrolysis gas, or

(b) immersed electric resistance, or

(c) immersed internally heated tubes

2. External heating by means of
(a) an axternal radiant furnace
(b) an external fluid »2d, heated by combustion of coal or gas

In the first version (1a) a neutral hot pyrolysis atmosphere is generated
using an auxiliary furnace. The bed is fluidized by means of a hot, non
oxidizing gas. Furnace and pyrolysis reactor may be constructed from
plain steel, with an internal lining of refractory and insulating material.
~ The flue gas is cleaned from sand and filler using a battery of hot cyciones
(temperature above 100°C).

The MMA is condensed from the clean gas




After completing condensation a droplet removal and demisting unit may
be required. Part of the gas is recycled to control the temperature of the
fluidizing medium, another part is bleeded and led to a flare or a
postcombustion unit.

In the design due attention should be paid to :

- the design and control of the combustion furnace

- the quality of the MMA recovery

in all other versions steam is used as a fluidizing medium and the required
heat is externally supplied, either by combustion of a fuel or by means of
electric heating.

Conceptually, indirect heating is much simpler ard holds the promise of
better control and yields. The reactor material, however, should be of a
superior quality, especially in case the fuel contains sulphur. A plausible
choice may be a chromium alloyed steel.

The prefered design option, at present, is (in our opinion) solution 1b,1c,
2a or 2b.
A capacity of 100 kg/h can normally be attained using
a bed diameter of 400 mm
a steam fiow of 10 to 100 kg/h (depending on the
diameter of the sand particles)
a relatively small condensor
a stream of cooling water of the order or 25 to §
m3/h

Some other points of interest include

1) the fotal flow rate from the pyrolysis reactor (basis = 100 kg/h
capacity)

Direct heating indirect heating
dp=0.5mm dp = 0.25 mm
PMMA, kg/h 100 100 100
steam, kg/h - 45.2 10.6
fiue gas, kg/h 254.6 - -
354.6 145.2 110.6

The fiow is much smaller in indirect heating, especially in case a fine bed
material is used.
2) the heat balance (100 kg/h capacity)




Direct heating

of which

of which

indirect heating

1ieat supplied by fumace 461 000
110000

Tctal heat steam

of which

651 000

37.0%
33.8%
19.1%

753 000
31.9%

39.9%
18.1%

571 000

42.1%
31.8%
26.1%

kJ/h (400°C)

heat of pyrolysis
sensible heat

latent heat
ki/h (500°C)

heat of pyrolysis
sensible heat

latent heat

kJ/h (500°C)
kJ/h (500°c)

heat of pyrolysis
sensible heat

latent heat

The latent heat in the steam is an acceptable burden far the process.

Conclusions

From preliminary design computations it follows that an externally heated
reactor, constructed from a suitably alioyed stee! may be a good solution
to the design problem at hand.

Acknowledgement

All design computations were performed by Dr. Ir. J. Schoeters, who aiso
has supervised the experimental part of the programme.
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Annexe |

HEAT BALANCES

1. Case of External or Electric Internal Heating
Thermal capacity =

(Heat of Pyrolysis of PMMA) x (Feeding rate of PMMA) x
(Conversion of PMMA)

+ (Gas flow. Specific Heat gas
+ Steam fiow. Specific Heat steam + oil flow. x Specific Heat oil
+ Ash flow. Specific Heat ash) x (Temp. of Pyrolysis - 20)

+ (Latent heat of evaporation of steam x flow rate of steam + latent heat
of evaporation of oil x flow rate of oil)

- (Feeding rate of PMMA. Specific Heat of PMMA) x (T. feed - 20)

- (Feeding rate of Steam. Specific Heat of Steam) x (11C-20)
- (Feeding rate of Steam. Latent Heat of Evaporation)

Reference temperature = 20°C.
Nogte : The steam term is slightly inaccurate.

Steam flow. Specific Heat Steam
Oil flow. Specific Heat Oil




1.

2. Case of Heating by combuystion gases

Thermal capacity =

(Heat of Pyrolysis of PMMA) x (Feeding rate of PMMA) x
(Conversion of PMMA)

+ (Gas flow. Specific Heat gas
+ Steam flow. Specific Heat oil
+ Ash flow. Specific Heat ash) x (Temp. of Pyrolysis - 20)

+ (Latent heat of evaporation of steam x flow rate of steam + latent heat
of evaporation of oil x flow rate of oil)

- (Feeding rate of PMMA. Specific Heat of PMMA) x (Tfeed - 20)
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During the two week visit 10 the PRC the UNIDO-supent has presented to SRRUC the
results of his design compulations reganiing & hew PIVIMA pyrolysis plant, festuring
modem UNIDO-Technology.

The SRRUC-toam, on their hand, related their preliminery superiohte using a emall,
externally heated cavigvon in which a coNain ameunt of ¥h acts 85 an inlemal, Molien
heet carrier. During this visik this werk wes continusd ant ampiiied and cah now be
used to further support the SyZIbm selsttion and reamer Ssbigh work by the UNIDD

expert.

Moreover, a full-scale test was performed on one of the large cauldrons under normal
production circumstances.

The results of these experiments are analysed is this report, together with the
feasibility, economics and required investment of such systems.

On the basis of the available experimental results and of the design computations
performed by Dr. Schoeters (VUB), the UNIDO-expert also investigated the
possibilities for a prompt implementation of the UNIDO pyrolysis technology at the
Xingguarng factory of SRRUC.

It was conciuded from this analysis that a demonstration plant can be built almost
immediately, with construction of aimost all new parts of this plant in Shangai,but also
that further support of UNIDO to this demonstration is a justified and necessary
requirement. On the basis of these considerations SRRUC will propose a Protocol to
UNIDO, which has the full support of Dr. Buekens.




INTRODUCTION
RECOMMENDATIONS

L IMPROVEMENTS AT THE XINGGUANG FACTORY
i EXPERIMENTS US®IG THE SRRUC TIN BATH TECHNOLOGY

M. RESULTS AND DISCUSSION

IV. CONCLUSIONS REGARDING THE FUTURE OF THE TIN BATH TECHNOLOGY
V. EXPERIMENTAL TESTING OF THE PRESENT HOT CAULDAON TECHNOLOGY
V. RESULTS AND DISCUSSION

CONCLUSIONS
ANNEXES

L -C PROGRANMME OF THE UNIDO-ENPERT

n - CONCEPT FOR THE PMMA-PYROLYSIS SYSTEM ACGORDING TO
MODERN UNIDO-TECHNOLOGY

. - PROTOCOL PROPOSED BY SRRUC TO UNIDO

V. - PATENTS




INTRODUCTION

This report deals mainly with the results of the experimental work, conducted during
the stay of the UNIDO-expert in Shanghai, and with the conclusions that can be
reached on their basis regarding the future PMMA Pyrolysis Demonstration plant,
operating according to the process developed by UNIDO and VUB.

The Chinese counterparts have prepared the expert's visit on the basis of the
Programme in Annexe |. There was one major addition to this programme : on 27, 29
and 31 December experiments were conducted by the SRRUC-Team, according to the
desires of the UNIDO-Expert. In this respect, a word of praise should be granted to the
SRRUC-Team for their promptness and diligence in conducting such work at a very
short notice.

In the course of this visit, ittle attention was paid to the downstream operations
(distiltation, salting out, purification, prepolymerization, )wliduaceiwd
considerable attention during the first visit, although they are not within the scope of the
present UNIDO-Project.

On the basis of the information available at present it is possibie to design a
PMMA-Pyrolysis Plant, featuring the UNIDO-developed tec mology. ]
This technology will provide a higher product yield and purity, a lower consumption of
coal, as well as better environmental and safety standards. After the successful
conclusion of the demonstration project a renewed auontionshouldbegivsntothe_
downstream operations, which will amply benefit from the upgrading of the pyrolysis
systems. This could form the basis of a further extension of this programme.

RECOMMENDATIONS.

1. After the comprehensive and dedicated efforts of the SRRUC-team throughout the
experimental programme of technology development and design it seems fair to
continue the UNIDO-support to this programme at the inception of its second phase,
i.e. the construction, start-up, operation and optimization of a full scale demonstration
plant. The latter will be based on UNIDO-developed technology. The requested
financial support seems relatively imited in comparison to the pursued results and to
the own financial effort made by SRRUC.

2. The help from UNIDO could take three forms :

- 1o finance the training ot SRRUC tachnicians in Europe

- to provide further expert help during the second phase of the project

- to buy some measurement and control equipment, which at present is scarcely
avallable in the PRC.




L. MPROVEMENTS AT THE XINGGUANG FACTORY.

On the basis of the recommendations of the UNIDO-Expert several improvements were
implemented at various leve's of production.

- the sorting of raw PMMA

- the construction of an environmentally acceptable loading system

- the closing of the cruds PMMA-tanks by means of removable covers .
- the closing of the salting out unit, to avoid evaporation, oxidation, and air poliution.

The expert concludes that the proposed measures form a step forward in a direction of
gradual improvement ; further progress is still possible in :

- the ampilification of local PMMA testing facilities at the sorting stage

- the extension of the new loading system to a system for feeding the PMMA to the
demonstration plant

- the redesign of all MMA and prepolymer handling facilities

The latter activity is warranted especially after the succesful completion of the pyrolysis
unit demonstration project.




I - | -

i EXPERIMENTS USING THE SRRUC TIN BATH TECHNOLOGY

The experimental reactor cauidron has the following caraclerisiics :

intemal diameter : 150 mm
internal height : 200 mm
wall thickness : Smm
weight cauidron (vessel) : 14.33 kg
(Top id) : 6.33 kg
(Total) : 20.66 kg
cross-section of cauldron : 1.767 dme
volume of caulkivon : 353

The amount of material charged was either 500 g or 250 g. The amount of tin was 500
g or some £ mi (at room temperature).

The cauldron was heated by means of a small fire, combusting egg-shaped coal
agglomerates.

Three experiments were performed :

A : using 500 g of peariite-filed PMMA piate punchings
B : using 500 gr of PMMA-piate (clear, coloured or filled)
C : using 250 g of peariite-filled and other shavings

The temperature was monitored as follows :

Tw = wall temperature measured by a thermocouple at the level of the tin bath. The
temperature is presumed to corespond to the temperature of this bath but in reality
may be somewhat lower, due to cooling along the thermocouple protection tube.

Texh = temperature read by means of a mercury thermometer located in an insert into
the exhaust line

Occassionally, the wall temperature of the cauldron was investigated and found to vary
rather erratically with location and time.
The production of condensated crude MMA was monitored as a function of time, along

with the various temperatures.

During experiment A, the temperature Tw first rose rapidly to 238°C

(first drops), then continuously rose until the end of the experiment to a final
temperature of 321°C (50 minutes later). The outside temperature of the cauidron
varied in the top section of the vasse! in a range, which was 30-80°C lower at the start,
and afterwards remained constant at & temperature below 200°C.




fi. RESULTS AND DISCUSSION.

When the coal fire was buming well the cauldron, filled with the PMMA sample, was
installed on top of the fire. First the bottom and gradually the complete cauldron were
heated. A characteristic point ir: this heating procedure is the time elapsed between
the start of the experiment and the production of the first drop of crude MMA. This time
can be reduced considerably by animating the fire with the aid of a forced draft fan.

After the initial drop of crude monomer is observad the rise of the ‘tin bath temperature’
Tw may continue, halt, or even reverse. This depends on the relative value of the two
following entities :

‘heat transferred from the coal fire to the charge’
and

'heat consumption by pyrolysis'

In early experiments the temperature generally continued increasing, which means
that the first term remains higher than the second. In experiment C the metal became
considerably overheated, before the loose shavings would report to the bath for
pyrolysis.

At that moment the temperature of the bath started decreasing dramatically.

The rate of the crude MMA production may depend on :

- the temperature of the tin bath
- the quality of the PMMA supply to the surface of this bath (density, melting or flow
behaviour).

in the course of each experiment the production rate can be computed on the basis of :
r = crude MMA generated/minute

After an initial period of rising rates, this produciion rate remains fairly constant
throughout the major part of the experiment. By the end of the experiment the rate
again falls off and eventually drops to zero.

The gas flow from the reactor could not be measured, no fiow meter being available.
For future experiments, the use of a simple gas bubble flow meter or of a capillary flow
meter is recommended.

The amount of residue was remarkably small after experiment A, with very little filler
material or carbon visible. The latter is loosely present on the wall more or less up to
the height of the original load but especially occurs on some tin flakes on the metal
bath.

In experiment B the final amount of carbon was definitely higher; experiment C showed
a large amount of filler (peariite) as well as a relatively high amount of carbon. The
latter may be associated with the large overheating of the metal bath prior to the start of
the reaction.

The quality of crude monomer, for the first time, was monitored in experiment A, B and

C. by means of gas chromatography.




It can be conciuded that the quality is determined by three factors :

- the best product is generated during steady-state production, initial and final product
being of a lower quality

- the decomposition of material, generating ight products rises from the start up to the
end of the experiment and even further, during the next experiments (B and C)

This could be associated with a rise in the amount of carbon available in the reactor.

IV. CONCLUSIONS REGARDING THE FUTURE OF THE TIN BATH
TECHNOLOGY.

From the experiments it is concluded that tin bath (or lead bath) technology is feasible
for the PMMA pyrolysis.

The molien metal homogenizes the bottom temperature of the cauldron and improves
the heat transfer to the charge, especially when agitated by falling pieces of PMMA (in
continuous feeding) or by mechanical agitators (cf. theRohm & Haas patent in Annexe

V)

On the other hand the technology shows the following limitations, with respect to the
proposed UNIDO-technology :

1) the carbon and filler materials are not eliminated from the reactor and accumulate,
enhancing the formation of more carbon and leading to overheating of the metal.

2) the charge has only limited contact with the heating medium. In UNIDO technology
this contact is very intimate and does not decrease with time.

3) the tin bath is relatively costly; some losses will occur (say 0.5 % per charge) and
after a certain period of time the tin will have to rerefined.

The requirements of a full-scale cauldron amount to :

[m]2x5009=18kg
0.15

at 'usual tin values of 10-12 $/kg (*)
this leads to an inventry of 180-216 $/cauldron and a loss at every charge of 1$/charge

* the present price is unusually depressed.




V. EXPERIMENTAL TESTING OF THE HOT CAULDRON TECHNOLOGY.

The test of the large cauldron was conducted in a similar fashion with, however, a few
differences :

1) the temperature of the charge could not be monitored.
Hence, special attention was paid to the temperature of the top of the cauldron and of
the exhaust line. The figures are given in Table 5.

2) the rate of crude monomer production could not be monitored with precision. Still,
the time of the initial production as well as the total quantity produced cou'd be
followed up.
3) for the first time the rate of gas production at this plant could be detarmined with
suitable precision.

V1. RESULTS AND DISCUSSION.
Experimontal data

Heating period : 17 minutes (first appearance of oil)

Production period : 78 minutes

Production rate (average) : 20.4 kg/h (without) 16.7 (with start/ and stop included)
Continuing gas production, without visible oil condensation : about 10 minutes.
The analytical data of the various samples show :

1) definitely higher quantities of by-products, lights as well as heavies

2) increase of the lightest products as a function of time

NOTE : On the basis of the temperatures record 3d and on previous measurements i can be concluded that the
attained yields wers isalized by (a) larger heating rates and (b) shorter production periods tiian usual |




VIL. CONCLUSIONS

From experiments and observasions it can be concluded that:
1) a batch system gives rise to much idie time (heating up, ceeling down, buming
out, reactivating the fire). This leads to a loss of capacity of 25 % in extremely
optimized conditions, of 35 % in more reafistic condiions. ’

2)a batch system yiei.: sub-standard product, both initially and by the end of the
batch production. Aioreover, there is a continuous deterioration with time.

3)a large-scale system yields a product , which is very much inferior to that of a
small scale system.

For these reasons the use of continuous technology, featuring a
reasonably fast heating of the raw material and a limited residence time of the
volatile products is strongly advocated. These desirable features can be obtained
using -lead or thin bath technology

-fluidized bed technology.

The latter presents superior characteristics with respect 1o a rapid
heating and mixing of the charge and the automatic removal of char and fillers
from the reactor, ensuring a superior continuity of heat transfer rates and opera-
tion in general. Moreover, its operation is simple and safe.

it UNIDO continues to support this project throughout its second,
demonstration phase, the following aspects should rec. ve further consideration:

1) enhancing the capacity of the actual coal-fired fumaces by providing a more
modem coal feeding system, enhancing the temperature of com* ustion and
the quality of radiant heat transfer. Also the grate and fiue gas system should
be revamped, to improve combustion efficiency, enhance furnace capacity,
and reduce coal consumption and environmental amissions

2) an evaluation of the operation of the dernonstration plant and its optimization
to obtain maximum yield and purity minimum coal requirements, and a larger
throughput than will be availat'e with the existing coal-fired furnaces

3) a critical appraisal of the downstream operations with respect to occupational
hazards and safety, emissions and other environmental hazards.







Proposed Programs=2 for Prof. Alfons Buekens
Mission to Shanoghai

Dec. 23, Tuesday

21:30
meeting Prof. A. Buekens at the Shanghsai
.airport :
Dec. 2&, Uednesday
Forenoon 9:00 ADoparture fior Xingguan Plastics Factory

Discussing the proposed programme

12:00-13:30Luncheon
Afternoon13:30-15:30 Sits-visit to the PMMA workshops, SRRUC-
team summarizing necessary works made for

improving the sxisting technology and
equipment

Evening 18:30 Velcome banquet
Dec. 25, Thursdey Touring activities
Dec. 26, Friday

Forenoon 8:30-12:00

dats sbout lead-bath and tin-bath

12:00-13:30 Luncheon
Afternooni3:30-17:00 Prof. A. Buekens recommending the PMMA

pyrolysis tests at home

Dec. 27, Saturday

Forenoon 8:30-12:00

Afternoon13:30-17:00

expsriment

of tne system

Dec. 28, Sunday Touring activities <
Dec. 29, Monday

DOC.SO, T

8:30-17:00 Exchenge idess on the system

ssday Discussion going on as yesterday

Leaders of SRRUC and Nanshi District Branéh

SRRUC-team briefing on the experimental

Prof. A. Buekens snalysing the pyrolysis

Requesting Prof.,A. Buekens to put forward
the preliminary design of an iaproved PMMA
pyrolysis system and make a study of the
recommended proposal sbout the feasibility,
esconomic benifit and estimated investment




Dec. 31, Wednesday
8:30-17:00 Consulting uith Prof.A.Buekens on improving
tha existing PMMA recycling technology and

the operational facilities
Jan, 1, Thursday Touring activities

Jan.2, Friday
8:30-17:00 Discussion on ths general espects of the

project
Drafting the protocol

Jan.3, Ssturday
Forenoon B8:30-12:00 Requesting Prof. A.Buekens to design the

complete flou-chart of the recommended
pyrolysis system

: 12300-13:30 Luncheon
Afternoon13:30-17:00 Opsn







FLUIDIZED BED PYROLYSIS UNIT ACCORDING TO THE UNIDO TECHNOLOGY
DEVELOPED BY THE FREE UNIVERSITY OF BRUSSELS

Basic Principles of Operation

The PMMA is pyrolysed in a fluidized bed reactor featuring :

- the use of fine sand (average particle size of 0.25 mm or smaller), in order to attain
smooth fluidization with a minimum of fiuidizing vapour. Entrainment of bed
particles is minimized by the use of a disengagement section.

- the use of a special distributor, blowing out downwards the fluidizing medium to
ensure a proper cooling of the reactor bottom, which is exposed to intense radiation
from the fumace.

The bed is fluidized by means of

- external steam (during start-up or emergency)
- evaporated process water (normal operation)
- distillation heavies (when desirable)

or a suitable combination of these media. After minor modifications pyrolysis gas can
also be used as a fluidizing medium, but its intermediate storage would require the
erection of a fairly large gas hoider.

The PMMA feeding system can be based on a combination of rocking vaives
(as in the Figure), or of one slhiding and one motorized metering vaive.
It is essential that it remains airtight.

The pyroiysis products are freed from gntrained sand by means of a wide
disengageinent section on top of the bed. A cyclone takes care of the accidental
entrainment of bed particles and of the removal of coarse dust particles.

The exhaust line is slightly inclined, in order to allow for the evacuation of
high-boiling condensate. The balance of the condensate is condensed in two steps.
The first condensate, containing most of the high boiling material, can be recycled into
the reactor. The balance flows into a condensate storage container, in which it
separates into two layers (crude MMA and aqueous condensate).

The permanent gas leaving the plant is cooled by means of an ice trap, in order
to minimize the spreading of MMA into the environment.

The aqueous condensate is normally selected for recycling as a fiuidizing agent
by means of a2 valve




A volumetric pump presses the liquid through an evaporator bundie. The
resulting mixture of steam and water is separated and allowed to flow back over a
condense pot. The steam, after droplet removal, is superheated in a second bundie,
situated in the convection section.

During start-up and in of failure of the feedwater pump extemal steam from
the steam grid of the factory is provided.

The superheated steam is injected through a three ring distributor, fitted with
downward-directed holec.




Technical Specifications

BReactor : pipe of 16" or similar size
Distributor : composed of (Figure 1)

- a central steam duct
- three feeder headers
- three circular distributors, fitted with 120 holes

Each hole is directed downwards under an angle of 45°. The evolving steam jets
should be equally distributed over the entire bottom of the cauldron, in order to ensure

adequate cooling.
Diameter of the holes : 1 mm
E tion Section :
14 m of 1/2° tube (21.3 x 3 mm)
Superheating Section :

5.8 m of 1/2" tube (21.3 x 3 mm)
2.3 m of 3/4" tube (26.9 x 3.5 mm)

In case the steam superheat temperature is excessively high a by-pass should be
created between the outlet of the fumace and the chimney.

Feedwater Pump

metering pump with cogwheels or piston with variable speed and/or stroke length
gaskets in PTFE

flow rate : 10-20 L/h

pressure : at least 50 m Water Column

Steam Droplet Separator

see drawing (Figure 2)
Scale 1/4
hydrostatic removal of condensate (type Sarco FT 1/2%)

Headh

The hearth should be upgradad so that the capacity rises to 28.4 kg of coal. This
should be possible using a grate of 1 m2.




Height of the Unit (Figure 3)

- grate and ash compartment 03 m
- flaming coal 04 m
- fluik.zed bed (expanded state) max 14 m
- empty tube + disengagement section) 0.75 m
285 m
+ feeding system

Bridgewall : height 15 cm

length at least 40 cm
C tion Secti

weight 10 cm

length 100 m

-
The convection section should be accesible for cleaning.
Chimney : transition of 600 cm?
Construction materials :

refractory masonry or concrete, with external insulation in order to reduce heat losses
and maximize the wall temperature

Condensor : first section (condensation)
cooling and condensing to 100°C

required heat exchange surface : 5 m2
on a basis of 1200 L/h of cooling water, with a temperature rise from 23 to 53°C.

secongd section (cooling)

further cooling to 30°C
required surface : 0.5 m
10 m tube of 1/2" (21.3 x 3)
or1" (33.7x4).

Storage 7

disengagement of non-condensables, which are evacuated through an externally
insulated ice-basket.



Piping (in 1/2" tubes) and | i

(a) between storage 7 and positive displacement pump
two feed points, one in the water fraction, a second (normally closed) in the MMA
fraction
before the pump : coarse and fine strainer and a drain

(b) between pump and evaporator section-manometer and thermometer fitting
safety valve for water pressure lines

(c) separator is fitted with a tangential inlet and a condensate purger

(d) for starting up a steam line with condensate removal is provided. Fitted with
manometer, suitable for steam grid and an adjustable expander, adjustable in
between 0.1 and 3 bar overpressure.

- the line towards the superheater contains a manometer of 0-3 bar overpressure
and optionally a thermometer 50-200°C

- the outlet of the superheater has (a)a fitting for a safety valve (steam) opening at 3
bar overpressure, (b) a thermowell 100 to 600°C, (c) a manometer 0-3 bar
overpressure )
connection to fluidized bed : sec drawings.

- in the fluidized bed and above the bed : thermowells for the range 50-600°C.

- before the condensor a safety water slot with a height of 3 m and a pressure
indicator in a range from -0.5 to +0.5 bar.




SePARATOR

oo - -

& -

vuf, 22[:[37 €S

TudeetToR ScCALFE '/q

Dg:-21 5d- gszH.-/,

Fhs =191 - ]

o kolen - 45443

/lﬁéi 336 :‘ll""

n l&. 3z +
*93/»‘"«

3 . 4 %

=88

¢‘M: -‘(!:

nl.‘l‘ I I N 4

| pege 16" 4660 X08

r (]

l‘ 27 IL [ I. l & l;' §9. «:
U gaeb = b 4 3sfetth




@)
VUB 2ififs7 FS

i

|
P
|

—1

11
et

|
L]




GENERAL INSTRUCTIONS: TABLE OF CONTENTS

1.

1.1
1.2
13.
14.
1.5.
1.6.
1.7.
1.8.
1.9.

2.

3.

3.1.
3.2.
3.3.
34.
3.5.

4.

4.1.
4.2.
43.
44.

S.

5.1.
5.2.
53.
54.
S.5.
5.6.

6.

6.1.
6.2.
6.3.
6.4.
6.5.

Eittings
Fluidised bed

Pressure drop

Pressure readings - and pressure Dials specifications

Safety valves
Strainers

Steam: trap

Feed pump
Monitoring valves
Temperature controls

Pipi
Heat exchangers

Vaporizer
Superheater
Condenser

Cooler

Wild vapors condenser

Shells
Reactor

Separator
Cyclone
Injector

Oven
Combustion grate

Firing
Firebox
Economiser
Chimney
Frame

Stading the plant

Checks

Heating up

Normal process

Normal process using MPPA vapors
To stop normal process



1. GENERAL INSTRUCTIONS : FITTINGS

1.1, Fluidized bed
Filling with sand : density 2 400 kg/m3

particle size 0.250 mm

volume 152 liter - weight 370 kg
1.2, Pressure drop

1.2.1. through bed 0.34 bar = sand weight /cm?
a1100°C outiet bed 2t 450°C outiet bed

1.2.2. through orifice 0.05 bar 0.1 bar
1.2.3. through superheater 0.08 bar 0.12 bar
1.2.4. sub total 0.47 bar 0.56 bar
1.2.5. through vaporiser 0.1 bar 0.1 bar
1.2.6. total 0.57 bar 0.66 bar
1.2.7. through cyclone 0.1 bar 0.1 bar
1.2.8. through condenser 0.0 bar 0.0 bar

1.3.1. inlet condenser 0.0 bar up to 0.01 bar
1 mano-depressometer -0.1 up to +0.1
1.3.2. inlet cyclone = 1.3.1 + 1.2.7 = 0.1 bar
1.3.3. outlet superheater
1 manometer 0 to 5 bar (1.3.2. + 1.2.2. + 1.2.1))
1.34. :,‘:'d":;ﬁa"‘ammm;;, 1.3.3+1.2.3.=0.66 bar
1 manometer 0 to 5 bar
1.3.5. outlet pomp 1.3.4 + 1.2.5. = 0.76 bar
1 manometer 0 to 5 bar
1.3.6. inlet pressure reducing device = Plant boiler pressure
1 manometer 0 to boiler pressure

1.4, Safety valves

1.4.1. superheated steam
opening pressure 3 to 5 bar
ATT : make sure that escaping MMA vapor cannot hurt people or explode
(Pressure is set that high too avoid opening of this safety item).
1.4.2. pump outlet
Because pump is of a positive displacement type a safety valve set at 5 bar is
necessary this vaive can be inside the pump or outside on the outlet pipe.
in that case bring the escaping fluid back to the pump feed.
1.4.3. U-tube safety on vapor before condenser.
Give this tube a height of 3 to 5 meter to ensure a pressure lower than 0.5 bar
and avoid air introduction by vacuum up 1o -0.3 bar.
ATT : be sure that escaping vapors and or fiuids cannot hurt people or
damage materials (temperature up to 450°C).

13, Strainers

1.5.1. the positive displacement pump has to be protected with a strainer on the feed |
ine, gauge following pump manufacture instructions.

o



1.5.2. itis recomr. * - -“ed to protect the steamtrap inlet with a strainer, but this is not
compulsory.

1.5.3. just before the inlet of steam in the reactor place a filter with max. diameter 0.5
mm.

1.6, Steamtrap

The fluids separated from steam in the separator are evacuated by a steam trap.
This must be fully hydrostatic, that means only influenced by fluid level and not by
temperature. Only fioat ball type with closed ball is suitable.

Thermodynamic, thermostatic, inverse bucket, open bucket or labyrinth types are not
acceptable.

If maximum level in the condensate tank is higher than steam trap level, steam trap
outlet must be fitted with a check valve (avoiding return flow).

The fluid from the steam trap goes to the pump inlet.

1.7, Feed pump,

Positive displacements pump - this means or piston pump or gear pump.
feed flow : adjustable manually from 10 up to 20 kter/hour
feed pressure :up to & bar.

1.8, Monitorina val

1.8.1. the settling and storage tank has three valves :
1.8.1.1. drain valve in the bottom
1.8.1.2. water tapping valve 0.1 m above botiom
1.8.1.3. PMMA tapping valve 0.1 m above water/PMMA separating level
1.8.2. feed pump inlet drain valve
1.8.3. steam feed from plant boiler
Diameter for all of the above discribed valves is 1/2 *
1.8.4. cooling water system needs 5 valves :
1.8.4.1. drain valves emptying the system g = 1/2 "

1.8.4.2.
1.8.4.3.
1.8.4.4. 4 valves authorising both either serial or paralle! feed
1.8.4.5. towards cooler and condenserg =1 12"
1.8.5. PMMA feed

2 butterfly type valve from which the lower
1.8.5.1. is fitted with a hard seat and the upper with
1.8.5.2. softseato =4 "
monitored by power pistons (air, oil, steam) or manually
1.8.6. ash remover from cycione
1 butterfly type valive hard seat & 4 *
1.8.7. uncondensable drain valve ¢ = 172 *
Progressive opening type (e.g. needle valve or ball vaive with
triangular grove)
1.8.8. Pressure reducing device on plant boiler steam line (automatic-membrane type)
@ 1/2" inlet pressure = boiler pressure
outlet pressure = from 0.3 up to 3 bar
flow = from 0 up to 30 Kg steam/hour (max 15 Kg at 0.3 bar - 20 Kg at 1 bar)



1.9, Temperature controls

1.9.1. feed temperature - outiet feed pump range 10 to 70°C
1.9.2. steam temperature from separator range 100 to 200°C
1.9.3. steam temperature from superheater range 100 to 600°C
1.9.4. vapors temperature inlet cycione range 100 to 600°C
1.9.5. condensate temperature outiet cooler range 10 to 70°C

2.GENERAL INSTRUCTIONS PIPING

2.1. from tank to feed pump 1/2"
2.2.from pump to separator 1/2"
2.3. from separator to pump 1/2"
2.4. from boiler to separator 1/2"
2.5. from separator to superheater 1/2 "
2.6. from superheater to injectors 3/4 "
a dubbel set of flanges on both sides of reactor wall are necessary for
disconnecting
2.7.1. from reactor to cycione 2"
2.7.2. from cyclore to dust (ash) collector 4" min1 m
2.8. from cycione to storage tank
2.8.1. from cyclone to condenser 4
2.8.2. safety U-tube 4"
2.8.3. from condenser to cooler 1°
2.8.4. from cooler to tank 1"
2.8.5. cooling water pipes 112"
2.8.6. uncondensables from top condenser to tank 1/2 "
Al tubes following DIN 17175 or ASME 106B or simutar.

3. GENERAL INSTRUCTION HEAT EXCHANGERS

3.1. vaporizer surface 0.8 m2
o tube 1/2* (21,3 x 3mm)
lenght 14 m

3.2.superheater surface 0.5 m2
of which 2/3 o 1/2" tube = 5.8 m lenght
of which 1/3 @ 3/4" tube = 2.3 m lenght
34" = 26,9 x 3,5mm

Vagporizer and superheater are installed in & space, 0.1 m width and 1 m length
between two insulating refractory brick walls.

3.3. condenser.
- One or more concentric coils total surface 5 m2 cooling water in tubes - vapors in
Shel'-
- water flow 1 200 Vh from 23 to 53 °C
- minimum water speed in tubes C,5 m/sec

3.4.cooler
- one 1/2” inside a 1 1/4” pipe
- total surface 0.5 m2 (32 x 4 mm)
| enght7.6 m
condensate in 1/2” pipe




cooling water in 1/4" pipe

3.5. wild vapors condenser
tube 8 200 mm length 600 mm filled with ice
with tube inside tank down to separation level PMMA/water
see filling on top

4. GENERAL INSTRUCTION SHELLS ALL DIMENSIONS IN MM

4.1. reactor : DIN 17175 KL1 or equivalent
4.1.1._bottom
16" CAPS thickness 0,375"
o 406.4 thickness 9,5 mm
height 177,8 mm weight 20.5 kg

4.1.2.tube
o 406.4 thickness 8.8 (DIN 17175)
or thickness 9.5 (ASTM 106 B)
height 1 700 - 177.8 = 1 522 mm weight 131 kg

4.1.3. cone piate following DIN 17155 or equivalent
thickness 9 or 9.5 mm
2 4064 >0 609.6
angle 45
height 102 weight 16.5 kg
length 143 mm

4.1.4.two DIN 2632 Welding neck flanges
@ norm 609,6 @ out 780 h = 2 x 80 = 160
20 bolts @ 27 weight 42.2 kg x 2 =84.4 kg

4.1.5.top - 24" cap thickness 0.375"
609.6 mm thickness 9.5 mm
weight 46 Kg
height 267 mm

Total height 177.8 + 1 522 4+ 102 + 160 +267 + (4x2) + 4 = 2 241 mm
inside oven = 1 420 mm

= bed heigth
Total weight 20.5 + 131 + 16.5 + 84.4 + 46 + 5.4 = 300 kg

4.2, separator. (see drawing)
0.2 m 3" pipe 88.9 x 4 mm
2 x caps 3" or two plates & 80 mm x 4 mm thick with central bore 8 20 mm
- do not forget anti vortex plate or Cross
- inside fube 1" is 50 mm long and fitted with conical plate 8 mm wide on the lower
end of this tube



4.3.cyclone

4.3.1. vapor inlet 2°pipe weided tangent’ally in @ 200 pipe
4.3.2. body
- 8 200 L.D. pipe length 200 mm
-come from e 200> 50 ID
length 600 mm (mi thickness 2 mm)
- top plate 8 200 with 4" pipe fitted in center from which 120 mm length
inside body for vapor outlet
- 4" pipe lenght 2 m (min 1 m) with butterfly vaive on bottom
4.3.3. 2 x flangs DIN 2631
@ norm 50 4 bolts g 12
2 flange DIN 2631
@ norm 100 4 bolts @ 16

4 4. injector (see drawing)

4.4.1. steam inlet @ 3/4"pipe 27 x 3 mm with 90° bend and 2 x flanges DIN 2631 ¢
nom 20. 4 bolts g 10.
length to be adjusted.
4.4.2_distribution box ¢ 2" pipe 60 x 5 mm
length 120 mm
- one end closed by plate 4 mm thick o 50 (bottom)
- upper end welded on 3/4"pipe (steaminiet)
4.4.3.three pipes with bend 90° are wel~sd radially on to the 2"box on one end
one o 1" 33.2 x4 mm
one o 3/4" 27 x 3 mm
one o 1/2° 21 x 3mm
and on to the three distribution torus of same ¢ on the other end
4.4.4. torus
4.4.4.1. torus o 1" primitive 0 324
holes are bored radially on the underside with a 45° to
the vertical on @ 336 and on @ 312 - On both circles 33
bores @ 1 mm means that, on each - circle bores are
distant of approxim, 31 mm from each circle. The max
distance between two bore is approxim 28 mm.
4.4.4.2. torus o 3/4" primitive @ 201 -  bore are 211 and 191
number of bores are 19 + 19.
4.44.3. torus ¢ 1/2 primitive & 88 @ bore are 95 and 81 mm
number of ore are 8 + 8.
total number of bores & 1 mm = 120 bore
4.4.5. foot
on to each torus three rounded up prices of wire @ 6 to 8 mm
lenght 16 mm will be welded to check that each torus is distant of 16 mm
from bottom plate.
length of the three 4.4.3. pipes will be adjusted to obtain this.
for the same reason length of 4.4.1. will be adjusted, once the
upper horizontal part of it is weided through the conical part of the reaction
shell (4.1.3.)




5. GENERAL INSTRUCTIONS OVEN
5.1. Combustion grate.

The Combustion grate will be ptaced between 30 and 40 cm under the bottom of the
reactor.

Coal consumption is approxumatively 30 Kg/h grate surface will be 1 m2.

It is advisable but not compuisdry to use a grate with thin airgass and high pressure
drop, combined with a draft inducer (fan).

5.2. Fifing.

If underfeed stokers are not used, one shall attentively charge the grate to obtain a
continuous red hot radiant suriace.

5.3. Firebox.

Firebox with inside dimensions of 1 x 1 m and height above grate of 1,7 meter is build
~ from hight alumina content stone to obtain a quickly heated surface.

Where necessary (firing zone) refractory stones will be used, to resist the coal
handiing.

This firebox will be enclosed in any material suitable for support and insulation; gas
outlet through a lateral gap on the upper part of the fire box, with a section of 600 to
700 cm? as for example with gratings height 150 mm length 1 m and 50% open
bringing the gases in the economiser zone - with a good distribution all along the
economiser.

5.4. Economiser.

The economiser is installed between two walls of aluminia rich stones distant 0.1 m =
100 mm from each other with a width of 1 m = 1 000 mm over the full heigth.

5.5. Chimney.

From bottom of economiser section, gases are evacuated to the chimmey.

5.6. Frame.

The weigth of the reactor (without loading mechanism) being 300 Kg steel and 370 Kg
;ag;\;o?zst'(gnthabﬂckworkam must be sustained by a steel frame - with facilities to
lift the reactor cover and sustain the piping.

6. STARTING THE PLANT

6.1. Checks.

6.1.1. Check, and refill if necessary the level of sand in the reactor

6.1.2. Check, filter, cleanlines of steam line, inlet of the reactor

6.1.3. Empty the ashtray from cyclone

6.1.4. Cloga the two feeding butterfly valves

6.1.5 Check the levels of PMMA and of water in the settiing and storage
tank. (water must be boiler quality feed water : distilled, condensate or




demineralised. Sodium/chloride ion exchanger treatment is not acr-ptable).
6.1.6. Check the filling of ice in wild vapor condenser
6.1.7. Check water filling to half height of the U tube
6.1.8. Check if cooling water, plant steam and electricity are available
6.1.9. Check if feed pump runs in right direction.

6.2. Heating up.

6.2.1. open the plant steam valve - check wether the pressure is normal

6.2.2. check the pressure on manometer 1.3.4. and adapt pressure
reducing valve setting if necessary.
[during the first start-up and before this value is known please check if the
pressure is high enough to move slightly the sand bed, before the fire is

ignited).

6.2.3. Light the coal fire make sure that the fire remains about 5 cm below the
reactor - and avoid black spots on the surtace.

6.2.4. regulate the feed pump speed to obtain a flow of 14 Vh but don't start the
feeding

6.2.5. when steam temperature reaches 200 °C at reactor inlet, open
valve 1.8.1.2. (water valve) check with 1.8.2 if pump is fed with water and start
the pump.

6.2.6. When the vapor inlet of the condenser becomes hot or when
manometer dial indicates positive pressure open the 1.8.4.2 and 1.8.4. valves,
close 1.8.4.1 valve and open 1.8.7 valve.

6.2.7. When reactor outiet temperature reaches 450°C the process may begin.

6.3. Normal process.

6.3.1. check again pressure on dial 1.3.4.
This pressure must be slightly higher compared with the setting point of the
pressure reducing valve.
if not (adjusting will be necessary by first start) reduce the setting pressure of
reducing device to stop flow from plant boiler. Proceed slowly.
If now, for any reason, steam fiow to the bed is reduced, plant
steam wil! compensate the lack of steam flow.
Pipe 2.2. must become warm.

6.3.2. Fill up the feeding cone with PMMA ground to a particle dimension of 1t02
mm (*) open and close again 1.8.5.2 to fill the 1.2 liter lock between the
valves,

6.3.2.1. open and close again 1.8.5.1. to discharge it in reactor
6.3.2.2. open and close 1.8.5.2. to fill the lock and avoid escape vapors
6.3.2.3. Check if temperature vapor stop rising.
If not repeat 6.3.2.1 and 6.3.2.2.
And do it again any time temperature exceeds 450°C.
6.3.2.4. A temperature of vapor of 500°C may not be reached safely
without damaging the reactor.
if necessary reduce the fire.

{*) larger dimensions are not acceptable with this particular feeding sysiem, becaues of smooth vaive lining




6.3.3. Setting of the uncondensabdle drain valve
There is approximatily 5% uncondensable gasses in vapors. The
valve 1.8.7. must be set to drain all the non-condensables plus some of
condensables.
This is right when dial 1.3.1. indicates pressure between 0.0 and 0.1 bar.

6.3.4. If cooling is not sufficient, increase the water fiow in both
condenser and cooler by closing 1.8.4.4. and open 1.8.4.5. and 1.8.4.4.

6.3.5. Steam trap from separator must deliver 2 or 3 liter per hour of
condensate at least.
if not, the steam lines and injectors will block up by sak deposits.
If necessary increase ieed of pump to be sure the thermometer 1.9.1
authorises the check, becauss if there is a normal excess of 15%
temperature on 1.9.1. wili be about 15°C higher than in the storage tank.

6.3.6. Adjusting the fire.
Because reactor is mostly heated by radiation fire intensity will have more
influence on economiser than on reactor.
Fire may be increased (eventually with help of a fan) as far as the
steam temperature on the thermometer 1.9.3. does not exceed 475°C.

6.4. Normal process using MPPA vapors (%)

6.4.1.close 1.8.1.2. valve and open 1.8.1.3. when plant is in normal process with
steam froin water
6.4.2. Check feed pump flow as explained in 6.3.5.
6.4.3. Check carefully vapor temperature 1.9.3. (This temperature may not exceed
280°C) and regulate fire accordingly. There is namely a danger to block the
superheater by carbon deposits which may be detected by increased
pressure on 1..4. and possibly leaking on 1.4.2. with as a consequence that
1.9.2. will indicate a temperature of superheated vapo.s not in accordance
with the pressure.

6.5. To stop normal process.
6.5.1. stop the fire
6.5.2. when temperature stays below 450°C s'op feeding of PMMA
6.5.3. stop the feed pump and close feeding valve 1.8.1.
6.5.4. stop plant steam by closing 1.8.3. when 1.9.4. indicates 120°C

max.
Open again 1.8.3. at intervals to check if 1.9.3. and 1.9.4. does not
overheat because of the heat storage in the brickwork

6.5.5. remove ash from cycione
6.5.6. Close cooling water 1.8.4.2.

(") after approval by UNIDO-expert only.
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PROTOCOL
L]

According to the UNIDO Project S1/CPR/86/028 for the
development of an improveu PMMA pyrolysis systes, Dr. A. Bue-
kens visited Shanghai in July and December, 1986 to study the
problems and disadvantages oﬂ t&o existing PMMA* thermo-cracking
process in Xingguang Plastics Factory, a subsidiary of SRRUC.

In the implementation af the UﬁIDD Project Dr. Buekens
has dedicated himself to the iﬁﬁrovanent-of the current thermo-
crackirig technology at the factory. His contribution to the
revamping of the present unsatfsfactory recycliﬁg practice
cen be briefly summarized as follous:

1. Mmeking e complete study of the existing technology
and equipment for thermo-crackingthe PMMA scrap in
the factory;

2. Recommending the current advanced technologies of
recovering PMMA monomers from the scrap in foreign
countries, which comprise chiefly the fluidized bed
system, lead bath and further processing. Top
priority is, however, placed on the employment of

. fluidized bed technology;

3. Providing a detailed report for SRRUC on the results
of his investigation on the PMMA thermo-cracking
process presently adopted by Xingguang Plastics

' Factory;
4, Proposing the improved technology snd devices to .

meet the crying need of technical reform at the

factory; '

5, During his second mission to Shanghai, Dr. Buekens
collaborated with the SRRUC technical staff on the
experiment of PMMA pyrolysis on the fluidized bed:
and suggested to further the experiment with the
vtilization of the existing pyrolysis squipment

at the factory.,
vith the direction of Dr. Buekens the technical staff
of the factory have -performed their tasks with required re-

gularities, such as:
1. Sorting and classifying the PMMA scrap into differ-
snt grades and categories;

2. Improving the feeding system to mest the operational
1.




requirement;
3. Sealing up all the containers for PAMA wmonomers

in order to eliminate the fugitive loss of the
- products and avoid oxidation;
4, In consideration of the possible gencration of
-pollutants from lead bath fumes, tin bath has been

sdopted instead. .
In contrast to the driginal processing ssthod with tha

improved technology the recovery rate is upgraded to 8s%, and ‘

the content of MAA mONOMETs increased by gg%. But due to the .
long residence of material in the processing device a deterio-
ration of product quality, and 'due to the pbatch operation pollu-
tion of environment still ox{st. . .

SRRUC highly appreciates thd consistent effort Ore
guekens has rendered to the devilopment of en improved PMRA
pyrolysis technology. And pou'by the end of Dr. Buekens' second
visit we wvould like to discbss'uitq him about the follow-up
activities. In order to carry’ the refors task through to an
end the following suggestions might be considered s vitsl:

1. It is expected that Dr. Buekens would finalize ex-
periments on PAMA pyrolysis on the fluidized bed,
and, see if it is possible, to send the experiment
report to SRRUC at the end of February, 1987;

2. SRRUC requests Dr. Buekens to complete the design
of a-continuous PAMA pyrolysis syiton and provide
us vith technicsl documentati~n which includes:

K. Specificstions of the designj
B. The technologicsl flow chart of the design;
C. A detsiled locstion plan for the instsllation
of equipment and distribution of conduits;
D. Design for measurement devices and eventual
automatic control;
E. Schemes for trestment of the resulting waste )

vater snd residue. |

SRRUC expresses its deep gratitude to UNIDO for its
support in completing the cxporinontal psrt of the projest,
vhich vas required to obtain sll the necessary dats for 8 finsl
design of the PMMA pyrolysis system sccording to modern UNIDO
technology. SRRUC is fully avare that the improved PMMA pyro<
lysis systom vill not only eliminste the environmental pollution

"2,




st Xingguang Plastics Factory but will be extended to the
entire Third Uorld to solve the sgme contamination problem
it is nov facing. Uith this in vieu, SRRUC sarnestly wishes
that this project would be continued and finalized and that
UNIDO vould continue its support to the necessary follou-up
activities of ths projoct, which include:

1. Providing training to the qualified technical
staff of SRRUC st the University of Brussels in
Belgium; )

2. Ensuring the assistance of Dr. Buekens to help in
the second stage of the project, i.s. ths demons-
tration of the fluidized bed pyrolysis technology
st Xingguang Plastics Factory; !

3. Providing som. extra squipment required in moni-
toring the operation and environmental aspects of

the factory. . '

SRRUC. will proceesd to cerry-on experiments on the
fluidized bed pyrolysis technology ui&h the existing equip-
ment at Xingguang Plastics Factéry on the basis of further
supply of design for oquipnontlinstallation by Dr. Buekens
and training of its technical staff, '

This protocol is sign;d on January 2, 1987 in Shanghai

by

(5> 13%

Or. Alfons Buekens Shanghal! Resource Recovery &
Utilization Co.

3.
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PATENT SPECIFICATION

(22) Filed 1S July 1971
_ (31) Convention Application No. 55224  (32) Filed IS July 1970 in

(21) Application No. 33326/71

(33) United Sutes of America (US)

(44) Complete Specification published 18 Apeil 1974

(54) DEPOLYMERISATION OF ACRYLIC POLYMERS

(¢4)) We, ROHM AND HAAS COM-
¥ under the

forming material in heat-resistant wh.1c baking
enamels.

Genenally, acrylic polymen, because of their

outmanding clarity and ransparency. find usce
in windows, Jenscs, insrument pancts, optical
parns, such as contact lenses, seinfcreed plas-
tics; protective coatings, including lacquers,
paims, and other finishes; adhesives; plastici.

{Price 25p)

wsandmodlﬁenlormmodletm

among these are included weaoment of the

aaylacpol\uermthhcatmdcmmpoacand
ymerize the resin 10 form the stanting

3{

houckmdepol\muum process, a
!mdloldepolymcmacmhspmman-

hzated exiemally 10 the depolymerization
temperature, about 400°C., and the monomeT

In this system, carbonscons parviculate de-
posits arc formed on the imside walls of the
vessel and also float on the swface of the Icad.
The monomcer vapors progressively deieriorate
in quality and the veysel must be cleancd fre-
quently, such as cvery six 10 cight hours, to
prevent compicte !oulm; and/og sioppage of
the process. i

In accordance’ with the preseny invention,
tbueuwmdedammwhochmm‘lw
polvmer containing iwo or more men-of one
or morc alkvl esters of acrylic acid and/or
an'alpha alkyl-substituted scrylic acid is de-
polymerized to form the corresponding mono-
mcem-m)mmmumplnch con-

m)1350612
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Any metal which mchs from 400°C. 1o
450°C. is a preferred metal for use in the
practice of this invention with due considera-
tion given 1o economics, case of handling, and
availability. Metals panticularly suitable for the
process discloscd hevein include lead which
melis at 322.4°C,, cadmium which mehs ot
320°C., and tin which melts at 251.9°C. Menal
alloys meliing up to abour 400°C. are also
within the iew of the instant invention.
Examples of such alloys include:

Soft solders (Sn and Pb in renge of 40—
60°/ each, and especially thir of 50:50

weight ratio)

Cerrobend (5077 Bi, 26.7' 7/ Pb, 13.37,
Sn, 10¥%. Cd)

Cervoru (38% Bi, 42%/ Sn)

(Cervobend and Cervotry are Reginercd
Trade Marks).
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In Formula ] and Formula 11 above, R®, R?
and R* are Jower alky] groups having from 3
10 6 carbon atoms, preferably from 1 10 3 car-
bon atoms. pavi  the

Representative polvmers having mers ol
above formulac mudc polymethyl acrviate,
polyeihyl "lcr_vmc, pol,;'n;'lrl;{l mth:lmh ,'la’u.

acrylate, polybutyl acrylaie, poly-
%%m’lm, and polybutyl methacryl-
ste; the first four polymers named being pre-
fexred in the pracuce of the instant invention.

The most common impurities encountered
in polvmeric maierial of this nature include
plasticizers, fillers, dyes, pipments, polymeriza-
tion inhibitors, and other polymers used in

molding or those which may be used
73 atcnc‘ or modify the polymeric acrylates.
Generally, these contaminants or impuritics
will not greatly sffect the process since upon
contact with the heated metal surface the poly-

n
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rate of 53 grams per minute to the reaction
10 vessel. Nioogen was also fed into the same
conduit as the polymer at a rate of about 1.5
livers/min. to prevent monomer from escaping
through this conduit and to provide an inernt
compon:=nt in the vapor content in the vessel.
15 The nitrogen content of the vapors in the re-
action vessel was about 4 by volume. The
molien lead was maintained at a8 emperature
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TABLE I
Distillate Percentage Toul
Example Type Feed of Feed Distillate of Feed

1 Granulsr 97.25 85.7 0.67
Composite
n 1.5-x 3 99.1 90.6 0.06
in. sheet
1/8 10 1
in. thick
35 EXAMPLE IIL raie was 75 grams per minute and it was 50
8) As in Example 1 a composite granulsr necessary to shut down to clean the molten
feed of poly(methy] methacrylate) was fed con- lead after 8 hours operation.

tinuously 10 the reactor described sbove but

at an agitstor speed of 117 revolutions per

40 minute. The average Jead tempersture during
this run was 556°C. The cracking raie of the
reactor under these conditions was 160 grams

per minutc. The monomer vapor was con-
densced, filered, and distilled. The yicld and

45 quality of distillate was comparable to thosc
of Examplec 1. The equipment operated effi-
cicntly for about five days before 2 shut-down.

b) Under the same conditions as in parnt 8)

but without agitation, the maximum cracking
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TABLE 111
v v vi vl
Agitation r.p.m. 60 80 96 17
Feed Rate, Grams per Minute M5 3 66.8 75.0
. Temperature of the Mohien Lead
‘C) 513—540 500—535 595608  5)5—532
Carbon in Reactor, Percentage
: of Feed 0.55 0.61 0.3% 0.2
Carboa in Distillse, Percentage
of Feed 0.06 0.06 0.17 0.38
Touwal Carbon, Percentage .
of Feed 0.61 0.67 0.56 0.60 i
. . i
EXAMPLES VIII--XIV. temperatures are shown in the following table
In these examples, a composite granulsr IV. It is nowewonthy that the vapor in the :
feed of poly(methyl methacrylate) is fod 10 the reactor bhas a fairly consant sempersture in :
5 same reactor in which the agitator is operated the neighborhood of 400°C,, i, the cracking 10 ;
at 117 r.p.m. Various feed rates and Jead bath  wemperature. |
'
TABLE IV :
]
il Production Rste of '
T Feed Rate *C. Monomer in Ibs /hr sq. fi. :
Example l:l‘:l" gm;min. Vapor of Lead Surface Area !
VIII 451 10.} 386 1.7 I
X 457 2.9 400 5.0 !
x 466 ©.8 400 8.4 ) !
X1 47} 6.9 402 11.7
xn 495 90.0 39% 15.1 !
X111 526 115.0 403 19.3 i
X1v 552 160.0 394 26.9 ,
o
The condensed monomer (the production 2. A process according 1o Claim 1, wherein :
rate of vhich is given in the las column of the molten metal is bead, tin or cadmium main-
15 the usbie) is filtered and distilled, providing a tained a1 s minimum temperature of sbout
mmo:‘d:‘:mdmg examples. © 3 A according 0 Claim 2 »
1 i . A process ing im 1 or 2,
WHAT WE CLAIM 1S:— wherein the surfsce of the mohen meral is

. in an acrylic polymer constantly renewed by mechanical agitation.
20 conuining two or more mers of one or more 4. A process according 10 any one of the
nlkylmagdwyﬁc'ldcgmd/umdgb- preceding claims, wherein the vapours arc con- 35

i
i
.i
f
|
i
i




-1,350,612

A process sccording t Claim 4, wherein  metal selected from the group consisting of
%gﬂiﬂ%{ga Jead, tin and cadmium; said molten metal bav-
actor is conducied through heared vapour lines  ing & relatively large sarface area which is con-
to said condenser. girwgsiﬂlg 30

process according to Claim 5, wherein  metal being maintzined st a wmperature of

6. A :
.Vngggn—uﬂvg-ﬁnwg ng.-sa.n.-eaeoﬁ.mn!gog
tained st above 250° C. and a porton of the  sphere of nitrogen, argon, helium, or neon.
3.&98 from the condenser is recycled back 10. A process sccording to Claim 9, wherein
through the condenser to reduce the build-up .rnal.-.n.gu_wg

10 o—gg s therein. 1. A process sccording to Claim 10, where-

A process according 1o Claim 1, wherein Fnﬁgge-vngeﬁgu?ﬂu

&ngﬁl%ggﬂ Sn.-ouucn.
clusively of mers of the formula: -..dnﬂu-onﬂnﬂnan—!! or 11,

b
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ser and wherein a portion of the condensate is

C. 1o prevent the formation of undesirable de-

gSugg_gnpﬂe—-ﬂ 9 Staplc Inn London, W.C.1.
_.n.

g—an:ssﬂa. uggziggg _o.:.
g-ﬂ&nﬁ-n‘b’ﬂ. gfgﬂﬁ from
which copies may he obtained
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EXPLANATORY NOTES

The following abbreviations have been used consistently throughout
the text

Abbreviation Entity or Material

MMA methylmetacrylate monomer
PMMA Polymethylmetacrylate
SRRUC Shanghai Resource Recovery

and Utilization Company
PRC the People's Republic of
China
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I. The UNIDO/VUB process for PMMA pyrolysis

After completing the experimental development at VUB a preliminary
design and general instructions were sent to Shanghai Resource Recovery
& Utilization Co (SRRUC). The technical staff of SRRUC has studied these
data most thoroughly and prepared numerous questions regarding design.
construction, operation and safety procedures. These points were
discussed methodically during the visit of Dr. Buekens, on the basis of a
new design, prepared by the SRRUC technical staff in accordance with the
principles of the original design and incorporating local materials
specifications and schedules.

The most important questions raised were:

the testing of the feeding system. An innovative system was
locally designed and will be conctructed and tested. The feeding of
PMMA plates is uncompiicated, but that of shavings is problematic,
taking into account the required absence of jamming, bridging, or
leakage of gas. Also the ambient air has to be excluded, possibly
with the aid of inert gas (nitrogen)

the monitoring of fluidization by measuring the pressure drop of the
bed

the testing of the distributor. The outlet velocity of the fiuidizing
gas is extremely high. Hence, it is necessary to test a coid model
and possibly even to use larger holes. Since the coal fire would be
replaced by electric (induction) heating, an ordinary distributor
design would also be suitable

the possible premature condensation of MMA in cyclones and other
equipment. (The ducts have to be maintained above 100°C to
prevent this occurrence)

the distillation of MMA/water mixtures allows a drastic reduction
of residual MMA-content in the wastewater.

the plant lay-out has to be adapted to new surroundings (the
riverside potch factory)

the purification of MMA from fillers




Safety Aspects

PMMA is flammable
MMA is most inflammable. Toxicity data have been collected by SRRUC.

The process hazards have been reviewed methodically:

1)

2)

3)

4)

5)

6)

7)

8)

9)

in case of gverpressure the feedwater discharges over a safety
valve. It is filtered or at least strained prior to feeding in order to
avoid deposition of dirt, which may cause obstructions and
overpressure.

underpiessure can only occur in the condensor, which is constructed
vacuum proof.

obstructions may form in the ducts, the strainer or the bed. No
water (only steam) should be fed to the bed. The water should be
fitered prior to feeding.

low_levels can occur in the water reservoir or when the sand is
blown out of the bed.

high_levels can occur in the cyclone (sand collection)

low bed temperature. No steam should be fed as long as it could

condense in the bed.

high bed temperature. Feed more PMMA, decrease heating
high tube temperature. Select suitable heat resistant material.

bigh fiow rate of water. Leads to low flow rate of steam. When

steam pressure drops, external steam is delivered automatically.

high flow rate of steam. Sand carry-over. Decrease water fiow.

10) power failure. The bed continues to be fiuidized by external steam.

Environmental Aspects,
The coal fire will be replaced by electric heating. This _leads

'essentially to zero emission, provided the charging system is closed and
the vent gas, after condensation, is led to an afterburner.




To avoid all smells measures are to be taken to control the vent of

- the MMA storage

- the distillation column

- the prepolymerisation reactors
- the vacuum compressor

and to use a closed system for prepolymerization, good quality fittings.
etc.

The production of by-products is much lower than in the cauldron
technology.

Fillers may have to be filtered from the MMA produced, since the
residue no langer remains in the reactor.

Il. Economic and Ecological Context

Historically, the Xingguang factory has been a source of small problems.
Recently, new residential quarters, recreational units and young plant
nurseries have been established in the vicinity. For this reason part of the
production, including PMMA pyrolysis, had to be halted at this factory.

During our stay, two visits were paid to the new site, selected for the
erection of the PMMA pyrolysis plant.

Ais. economic problems have made themselves felt:
1) the evolution in planified economy has stimulated parallel
coliection of PMMA-wastes by individuals, collection stations and

private enterprise.

2) the changes in exchange rates have made the importation of foreign
PMMA-wastes more problematic.

3) the sale of PMMA pearlite buttons has been slack.

The ecological and economic factors, on one hand, have delayed the
realization of the pyrolysis plant. On the other hand, they have made the
new technology even more valuable by increasing the competitivity of this
new pyrolysis method.




The environmental requirements are:

- ambient air 20 mglm3. If the volume of the workshop is 1000 m3
and the air is renewed X times/h, the "allowable” leak stream
amounts to 20 X g/h.

- pH-value of 6. suspended solids below 500 mg/L.

BODg < 30 mg/L
CODc, < 50 mg/L
Extract. Oil < 10 mg/L
lead <1 mglL

In view of the small generation rate of wastewater, these limits seem
excessively strict.

. Miscellaneous

In agreement with the mission to study recycling opportunities in
Shanghai several visits were paid to other units. namely:

1) The Shanahai Envi | Sanitation Administration B

Responsible for the collection & transportation of refuse,
generated by about 7,000,000 people.

Daily about 6,000 tonnes of household refuse
3,000 tonnes of demolition & construction waste
7,000 tonnes of nightsoil

are collected. Industrial wastes are taken care of by another
Agency.

There are about 30,000 employees working in collection and
transportation (by barges mainly). Studies are conducted regarding
composting and incineration by the New York Office of Kiockner.

The Bureau serves 12 District Stations and 50 Barge Stations. The
total capacity of barges are 40,000 tonnes. with a medium sized barge
taking 15 tonnes! Land is acquired for use as a landfill sites. @ Some
scavenging takes place. In Huzhou (Zhejiang province) sorting is aided by
trommelling. The fine fraction, after composting, is given away. The
agricultural station at Shanghai has declared compost quality to be good.




As another test, transfer stations have been built, which store fresh
refuse for about 1 week in a closed hall. Leachates are recycled over the
refuse. After this pretreatment, smells are supposed to have diminished.
During our visit there was on oversupply of refuse and the result of the
operation was unconvincing.

3) Shanghai Food Co,
Basic data
3 slaughterhouses for pigs
1 slaughterhouse for cattle

cooled storage
yearly capacity: 4 million units/ employment : 10,000 people.

The company kills the animals and prepares meat products for the
Shanghai market.

The cutting part uses a modem line imported from Denmark.
Porc products consist of ham, sausages, smoked and salted meat,
salami, "hot dogs”, etc.
Capacity: 8,000 tonnes/yr (?)
Glands are collected for pharmaceutical industry.
Present use of by-products

Blood is converted to powder. The use of the "hollow knife” technique
allows plasma and haemoglobin to be separated.

Bone is converted to "peptin® and fertilizer; the vesicles are used as
sausage skin.

Quest

other methods for using inside organs







PROPCSED PROGRAMME FOR DR, A. 2USKENS' PRCIECT
STUDY MISSION IN SHANGHAI

July 14, Tuesday
Evening

July 15, uWednesday
Afternoon 1:30-4:00

Evening
July 16, Thursday
Forenoon 9:30-11:30

11:30-12:30
Afternoon 1:30-4:00
tEvening
July 17, friday

Forenoon 9:00-11:30

11:30=-12:30
Lfternoon 1:30-4:00
Evening

SRRUC leadership meeting Dr. A.
Buekens at the airport and accom-
panying him to the guesthouse

In an interview with Dr. Buekens
at the Headquarters SRRUC leader-
ship briefly recommending the
general plan for enforcing the
UNIDO project

Supper

Visiting Xingguang Plastics Plant.
SRRUC Nanshi District Branch
Manager, Mr. Yuan Yongling, briefing
on the existing status of PMMA pro-
duction and the plan fcr near fu-
ture realization of the technolo-
gical reform of PMMA pyrolysis
accordino to Dr. Buekens' process
design

Lunch

Discussion continued

Open

In SRRUC iianshi Zistrict Branch
office, Mr. Liu Baoping, Deputy
Director of Xingguang Plastics
Plant ,recommending the preliminary
design or the establishment of the
improved °MMA pyrolysis system in
the plant

Lunch

Discussion continued

Open

1.




July 18, 1S Sazurday & Sunday: Touring activities

July 20, Monday
Forenoon 9:00-11:30

11:30-12:30
Afterroon 1:30-4:;00
Evening
July 21, Tuesday
Forenoon 9:00-11:30

11:30-12:30
Afternoon 1:30-4:00

Evening
July 22, uWednesday
Forenoon 9:30-11:30

11:30-12:3C
After-oon 1:30-4:30
Evening
July 23, Thuresday
Forenoon 9:00-11:30

11:30-123:30
Afternoon 1:30-4:00
Evening

In SRRUC Na:hshi District Branch office,
Jeputy Director, Mr. Liu Baoping, ex-
plicating his limited modification of
Dr. Buekens' initiative process de-
sign and asking for Dr. Buekens' com-
ment

Lunch

Biscussion continued

Open

In SRRUC Nanshi District Branch office,
DR. Buekens proposing effe~tive en-
forcement of his latest prucess de-
sign

Lunch

Discussion and making cecision on
adopting most appropriate procedures
for carrying out the technological
reform in the nearest future

Upen

Meeting in Xingguang Plastics Plant,
general evaluation of the environ-
mental impact after technological
reform of PMMA pyrolysis according

to Dr. Buekens' idea (with :he
participation of relevant technicians
from the environment department)
Lunch

Discussion continued

Open

In SRRUC WNanshi District Branch office,
exchange of ideas on implementation

of the project

Lunch

Discussion continued

Open
2,




July 24, fFriday

forenoon 9:80-11:30

11:306-12:30
Afternoon 1:30-4:00

Evening
July 25, 26, 27
Saturday, Sunday and

Fonday
July 28, Tuesday

Ir SRRUZ Nanshi District granch
office, Or. Buekens winding up
the project study mission in
Shanghai

Lunch

Discussion on Dr. Buskens' summa-
rizing stastement

Dinner

Touring activities and shopping
in downtcun
Dr. A. Suekens leaving Shanghai




Modifications and Additions ot the programme

Location : July 16
17
18
21

Xinglian button factory

Xingguang plastics plant

Shanghai Riverside Potch Factory

Xingguang plastics plant, Meeting with

environmental authorities

22

Visit to the Shanghai Environmental Sanitation

Administrative  Bureau

23
24

Shanghai Riverside Potch Factory
Leaving for Nanking. Meeting with the local

resource recovery company

25
26
27

Idem
Return to Shanghai
Visit by Shanghai Food Co.




ANNEXE II

Shanghai Environmental Sanitation

Administration Bureau

Xu Zhengu
Fen Baosheng
Song Xingxin

Shen Xinfen

Miao Guangyao

Gu Zeyi

Gu Yuxiang
Chen Fangjing

Zhang Ming

Chen Oiuying

Chief Engiﬁeer
Secretariat of the Bureau
Scientific & technology Dep.

Scientific & technology Dep.
Engeneer

Production & Equipment Dep.
Director

Shanghai Design & Research Institute of Environmental
Sanitation

(same as the above)
(same as the above, Eng ineer)
interpreter

Interpreter of SRRUC
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Experimental set-up and conditions

The pyrolysis experiments were pe:formed using the
fluid-bed unit in Figure 1.

The reactor (1 + 2) is made of an Inconel 600 alloy; it
has a diameter of 15 cm in the bed (1) and 30 cm in the
freeboard zone (2). It is heated by two separate electrical
heating blankets (3).

The fluidizing gas, i.e. steam, is preheated in a tubular
furnace (4). The PMMA is fed by means of a variable speed
screw convegor (9) from a locked feed hopper (5). The latter
is swept by nitrogen.

The gases are cleaned from fly-ash in a cyclone (6) and
the liquid phases are condensed in & shell and tube heat
exchanger (7).

The temperatures are measured at different heights in the
bed and the freeboard zone (T1-T7).

PMMA feed
- )
I vy
]
- -
, o
.
(] R =
- -
mf—®
e
 {]
"), condensate

fluidizing gas (steam)

Figqure 1: continuous fluid-bed unit




Liquid and solid flowrates are measured gravimetically.
The flowrate of added gas (N,) is measured by a calibrated

rotameter. To determine the flowrate of non condensable
reaction preducts (flue gas) the gas composition is
determined gas chromatographically, using the added N, as an

internal standard.

The PMMA used was free from pigments and filters.
The reactor was filled with 4 liters of sand mesh 50 . In each
experiment this charge was fluidized with a flow of
approximately 4.5 kg/h of steam (of 360°C and 1 atm). This
flow rate is about three times the minimum fluidization
velocity and consequently the optimum flowrate for mixing the
bed.

Since the monomer and water are almost insoluble in each
other the condensate separates into two phases: an organic
(oily) and watery one. These phases separate very well.
Still, in case the aqueous condensate is to be discharged, its
further purification may be required.

Results of the experiments

A summary of the experiments performed is given in Table
1.

Hence, the purity of the organic phase (wts
MMA) was determined by means of gas chromatography. For
these analysis a packed OV-10l1 column was used. Using a flame
ionization detector (FID) water is not detectable. The peaks
were evaluated on the basis of an absolute calibration.

The MMA production in the organic phase was calculated as
follows:

purity of the organic x flowrate of the organic
phase (wt%) phase

flowrate PMMA

The aqueous phase is obviously saturated with nonomer.
The solubility of MMA in water being 1.5 wt %, the total
amount of MMA produced is given by:

MMA in the organic x flowrate of the
phase (wt%) organic phase

+ flowrate watery phase x 0.015

flowrate PMMA




Experiment  Trgactor PMMAflow-  flowrateoltheor-  gasevol i orheorganic  WMMA productioninthe or-  total MMA produc-
number {*C) rate (g/h) ganic phase (g/h) tion (g/h) phase (wi% MMA) ganic phase (% of feed) tior (% of leed)
A 387 990 900 3 99.0 80.0 98.1
81 438 990 880 2 98.2 87.3 95.6
82 432 990 890 2 98.4 88.5 96.4
C 472 990 850 4 98.6 84.7 92.8
D1 529 990 870 13 96.0 84.4 92.3
D2 529 990 820 10 96.5 79.9 87.68
E 557 990 820 28 94.0 77.9 85.5
F 577 990 820 32 92.9 76.9 84.8
Gt 410 1470 1410 2 97.0 93.0 97.7
G2 416 1470 1410 3 97.6 93.6 98.4
H 422 1470 1380 20 95.9 90.0 94.8

Iable 1: summary of the performed experiments



The results of the experiments A-F

g/h) is given in Figure 2 to 5.
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[ onganic
phase (wt% MMA )
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Eigure 2: yield and MMA concentration of the organic phase
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Elgure 3: amount of MMA produced
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Eiguxe 4: gas evolution (per compound) as a function of
temperature
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Eigure 5: total gas evolution as a function of
temperature




When the temperature is increased:
- less liquid fraction is produced
- the MMA yield in the organic phase decreases
- more waste gas is produced.

As result the yield of monomer decreases with increasing
temperature. Hence, the reaction should be carried out at a
temperature as low as possible. On the other hand, however, a
low temperature leads to low reaction rates. As a
consequence PMMA may accumulate in the reactor. This was the
case, for example, at a temperature of less then 370°C and a
flowrate of 990 PMMA g/h (volumetric yield of 248 g/h PMMA/1
bed volume at rest).

From the gas chromatographic analysis it follows that: at
low temperatures the impurities in the liquid fraction are
mainly high boiling condensation components, whereas at high
temperatures more low boiling, decomposition products are
formed. This result is illustrated in Figure 6. In this
figure the summated area of the peaks form thne compounds with
a smaller retention time than MMA (lower boiling point) are
given as a percentage of the area of the MMP peak, analogous
for the compounds with a longer retention time (highezx
boiling point).

‘T
!3’ O epeimen G
!; Jﬂ‘ A egedmontH
g 2 T
e

K o

o.

300

Elgure 6: kind of compounds formed at different temperatures




In experiments Gl1-G2 the feed ratio of PMMA to steam is
increased by a factor of 1.5. In these experiments more MMA
was recuperated via the watery phase. This is quite logical,
cause the amount of MMA in the watery phase (being saturated
with MMA) is the same in all experiments. For this reason in
an industrial plant the feed ratio of PMMA to steam should be
as high as possible. Moreover, the production of steam is an
important factor with respect to the economic evaluation of
the process. 1In order to have a high ratio of PMMA to steam
the reactor must be filled with a fine sand, so that the bed
may be well mixed at low flowrates of steam. Another measure
to keep the MMA losses low, is the recycling of the watery
phase as a fluidizing medium.

The total MMA yield was, within the experimental errors,
the same as in the experimernts with a PMMA flowrate of 990
g/h and about the same temperature. It is also seen that
more high boiling inpurities are formed (Figure 6). This may
be due to:

- the higher partial pressure of MMA, so more
condensation products (dimers,trimers, ...) ar: formed

- the shorter residence time, sSo0 less secondary
decomposition products are formed.

Influence of the freshoard temperature

Experiment H was carried out with the heating blanket in
the freeboard zone swithched on. Hence, the temperature in
the freeboard zone was higher in experiment H than for exemple
in experiment 52:

B G2
Bed temperature 422 416
Freeboard temperature 480 360

With the heating blanket in the freeboard zone swithched on:
- the flue gas evolution is larger (Table 1)
- the yield of MMA is lower (Table 1)

- there is a shift from high to low boiling inpurities in
the pyrolysis oil (figure 6)

In order to have a high efficiency, the reaction products,
hence, must be cooled as quickly as possible. The residence
time of the reaction products should be minimized. As a
matter of fact, a low residence time is one of the features
why a fluid bed reactor is preferabl: to a cauldron.




Heat of reaction

By means of an energy balance over the reactor it was
possible to calculate the heat of reaction (900 J/g of
PMMA). This is the value of AH, (293 K, 1 atm.). The heat

of reaction AH, of the following reaction

PMMA (293 K) — MMA (T)

It's given by:
T
AR, = 300 + [,93 cp (M) .aT

For the heat capacity of MMA the following eguation is used :

cp = 0.336 + 3.6 1073 T - 1.38 10~6 12 g/q.K
The heat of reaction AH, is thus given by :
AH_ = 660 + 0.336 T + 1.8 1073 T2 - 0.46 1076 13 g/g

At 450°C (723K) this gives 1670 J/g.

This relatively high endothermicity of the reactor
enables controlling the temperature in a reactor by adjusting
the flowrate of the feed..

Distillation of !ln-ntoi: mixtures

The vapour-liquid equilibrium of MMA with water has some

interesting features in view of the distillation of the
pyrolysis product and the treatment of any; residual wastes.
When a mixture of 164 g water and 165 g MMA was distilled an
azeotrope with a minimum boiling point (80°C) was obtained.
The quantity of the azeotrope distilled was 189 g. When it
was cooled to room temperature (20°C) it separated in 2
phases : 25 g (13.3 wt$) watery and 164 g (86.7 wt¥%)
organic phase. Hence, the vapour-liquid equilibrium of
MMA-water is an equilibrium with a heteroazeotrope of the
form tentatively presented in Figure 7.

T
100°C \ 100.3°C
, 80°C
i
0 85 100

wi% MMA
Eigure 7: vapour-liquid equilibrium of MMA-water




When the organic phase obtained at the pyronlysis
experiments was distilled, the following fractions were
obtained :

- first, having the lowest boiling point, the azeotrope
- afterwards, at 100°C, MMA
- a residue, containing the heavy compounds.

For a Belgian PMMA pyrolysis plant, using lead bath
technology, the best quality MMA is obtained by steam
distillation, rather than with a vacuum or atmospheric
distillation. For this reason, when distilling the oily
phase, it's of interest to add some (or all of the) watery
phase. Erough water must be added, so that a (heterogeneous)
mixture wi h more than 15% water is obtained. In this case
distillation gives :

- as a top product, the azeotrope. After cooling it
separates in a watery and a MMA-rich phase. The watery
phase can be recycled, while the monomer rich phase is
free of heavy components because the boiling point of
the azeotrope is only 80°C.

- as a bottom prodvct, a residue consisting of two phases
: a phase containing the heavy pyrolysis products and a
watery phase. The watery phase can also be recycled,
while the organic phase should be removed or recycled
in the process.
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GAS CHROMATOGRAPHY-MASS SPECTROMETRY OF THE PYROLYSIS OIL
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