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It was pointed, out that a continuous well-stirred reactor 
is of necessity segregated when the product polymer is 
precipitated from the ciluerit-mor.cner mixture. However, 
the rolymerisatien reaction is first order in active polyrnw
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polymer chain length distribution, it will result in a 
considerable yield loss, predictable with reasonable
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The eC’ T*cntial Questions asked in the course 0f the discu£sien
reiat C ri Xc scale-up . An e s t imate of the heat bX*ansfeX' rClxe
indiec "T"Gd that the pilot plant reactor is op0X*3.ting J0eclra.
the oor1criG3.nC 0 liIbX "b S :0m. Oile jacket, i.e., £0>*> heat X773 n3 e 77
There clX*0 tv/o options open, to provide add itional he3.X
trans r area v/ith external heat exchangers, 0V* to 3p0w "The
rate of polymerization. kith er solution has Xjroblems • An
extern::ui heat exchanger is nct feasible, given the hi£
Vi SCO C* 'iLJ _i- y of the reacting mediurni. Additional 3.ter abi.Acd
to thc £ystem might make the use of a reflux cJ ndens e■y>
f easihic• Control ox one nee e of polymerizat in.n can oe
ef feera£ through ter.perature , pressui’e and c0rn0esiti cn
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the cou 3 e of the polymerize tic n.
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lino op b1nal tempo nature and pressure histor£0£ v/hic :. rouId
maxi::.. _i_ ,.J 3 productiv ity and minimize the copolJrpCr ccm*r\0£iXion
distr1c u3 icn. This is, of ccurse, a 5 ccrap or.0XL£ thre c •3y 3̂ se
S "?.r s Is 0 , 3i V i n 0 * X Gegress of freedom -e.g., pr0£cure,t Crr.' jc77cl ■’*
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This £ U.3 osts that there may• be an optimal chay»te to t3.e
react cr 0. 3 V/ 011 3.3 an optima.1 pr e s sur e-t erase-p>•3.X-0 X3 a_cry •
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Duri y*> id"1 n seven weeks spent at the Institute in eijing,
ther8 V;ere several visits mad e to other research, prcducti;
and 1/00’.cning facilities in or near -Beijing and in Tianjin.

One demie al cenni ex v/as visited, the Yan Shan Chemi cal
connle:: near the Yan Shan iits . approximately 40 km s . from
3ei jina This v/as an impress ive colleexicn of production
and res earah facilities using current technoloDies to
prod ■Mr* o ci number of petrochem leals and polymer s .

I v/as host sd at the Institute of Chemistry of the Acad ernia.
Sini ca o f Lt . Oian RenYuaS. The extensive programs at the
Inst itute appeared equally as process and appl ication
f JCUssed as the oroarams at the Beijing Resear eh Institute
of 0her.;ica.1 Industry. The facilities were not w "Î rrU J- nificant!
bett /'> y» cf _Lthough the rheologi cal equipment aiready avail-
able or on order are of good qualis y .

At the Y> o f uest of href. Steohen ienk, s. UR I DO exoe -V* Trim- g _

tin- an Institute of the I-'mis try of Li rant Ind usar ’ T \
J  9 ~

pres ent r>  c ' 3 hours of lectures on polymer scier.ce and engi-
2^0 or»in g orograns in the Unire8 o j S. u 6 S  j discuss ing the fecu
and ure of the research and teaching pregrams .

fear th ri cind of my stay in Eeijing, I v/as invi ted to the
3eij in- 7 n.stitute of Chemical Technology to vi ev/ its polvm
enginee v  1 V.g end science facil ities.A brief vis i t was also
made x c a ^ g; p-"p o n- 2 P 0 7̂■ing Department at the 3 vi -Ì v o p -

sity of 3  i an jin where I preser.ted a review of our program
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A. number of discuss ions were held with IVr  # 7 '  h  ao V/en in an:
•pi Q  pCbers of his greun to asses O V_-urrent program S, p“ians fo:
the group, cessible structure 11

9 nd int eract ion G c.n C O opc:
tion with related chemistry and pil ct pianx 5 ? cups •

A program and a group struct' V» o v/a s su g g e s fo G  ^ ̂  9 cf o w 1 1 as
2?G C cmmencatiens ior en moment v/nich sh Id be made a vail-
abl e to this group through other divis ions ana uT j s in
the Institute.
Hr . Zhao’s group nunbers currentiy 1 0 pe opl o ^ 9 all g i_re etc
to the support of orograms already und er1 study a o X VA 1n> In-
stitute. The object ive of the r r ~ r 'o-4-oup ha ot u yet to be n - 1 early
defined. There seems to be a paranoid interest in scale-up 
without a sufficiently sound perception of the needs of a 
polymerisation process. There is no consistent methodology 
to be followed by the group in attacking new problems, host 
of this can be cured by some simple change in the responsi
bilities, definition of the objectives 
of skills v/ithin
sien Cl '

U _L _L _i_ V / • ilil is
provec 

addressed in
, and the development 
e it with independence 
the subsequent discus-

ana neeas o: hits urogram.
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and Technical Service
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a technology 
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me in reactor 
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00 0 0 X o i G3xP r*• Tuxx0nely no wroxx at thG In titute G GG13
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i nportan 0 in 4-uhe uv*.J. Xited State s a a C.T*' X > should be ixiy>Xri0d anonX) py*C- rr>-* o “p rpo 03 t the Inst _• x,.i Oute.
Cnee a technical base is es 
"roerara the nersonnel can
vro tcu requie‘ 3 he r* arti
0-rcup could clxd sii0uid benCi0 uha «ri el

;

CD
 

c, - r\ '■n X V»J.JX9 XX’0e v■01 0pment, to a cX e[0X 3 «
de v•0icpment 0A Xa3ic A,4.n ̂ oC-. Uv_v
XlaV, A 1— X 0 U X wheX6 XXe7 ca:

,3 si ¿ned x ̂

^ 1 •' 1 T 1 r.jr.lj.iO • Ter
d to oth 0

all aso P r* 4*

witn its  own
those prcl 
sonnel within she

reseso;r

y/ grouo v/nere tney 
for oro cess scale-

exoerinental promran in. the oilot slant.

0up3 0X G XVX3 X 0 x. c
02 ore C Gc* c

ui

cax a "3 i n the
uP j to 3 _ Xi l ct
ccment 0 xh03

iriners
rosea:

abilities
ororraos,

should 
but it is

,st /ithin the 
•e imeortant t]

thin the Institute -which would oe
■ -~i 4" 

:

oux for
p i h *1 p

to the staff of the Polymer Reactor group,. The accessibility 
is important, physical location and responsibility arc 
irrelevant.
These equipment requirements are:

•ir thiGi'a c t o r i z a t i on
o l o r i  00.1 0 >•»/■'. t V»0 X ri
io oc :.:o 3o r>3 —  X 0 M  G 0 3 U X G i n t r i n s i c  v i s c o s i t i e s
m3n t ] g y X — t o  r. : G ' i 3 U L’G ■'i '1 e a r r> n t ’/ - s -o s i t y
r> r ' ; ; • 3.“ -j -> •- •j. R 3o c t r e m o t o r - - do m e a s u r e  v q  ̂,'•* rq 3 0

a x d n o r m a i  s t r e s s on o f  sa



12

.olccular V;eights
--membrane Osmometer- to tneasur- 
--Light Scattering—  to measure

il
W

--Gel Fermecition Chromatographs- to measure
molecul ight distrib

■aliaole to o
for olefins

have multini

utions. At ieas t
irate at low and high 
’-nd other polymers, 
detectors in order to 

branched polymers
¿acn cnou]
characterise copolymers and 

a ' • • effectively.
2)Polymerization Reactor System—  a general purpose system 

useful in the measurement of fundamental 
kinetic data. The scale should be bench scale 
with reactor volumes up to one liter. This 
system should have pumps, temperature measure
ment and control, as well as in-line composi
tion and molecular weight measurement, e.g., 
refractive index and viscosity, she svs' 
possible should be interfaced with a

JJ O u Cl.. ,
ded ie;

microprocessor 
and evaluation, 
this year made . 

3)Physical and Transport I?r

eel
Jcontrol, data acquisition 

, Tang irv his report earlier 
Lmilar recommendation.
aes

The experimental capabilities should exJ.: 
develop the data rx 
mass transfer oroci

to

i •*- r ~ \ Tymerication, 
determining solvent, 
sion from the polymer. These

ssary to scale-up heat and
es that occur during and
There should 0 0 n 0 s of

diluent, cr monomer difxu-
coul

sorption 
phy.
late tn 
transfer and 
in agitator ,

techniques or Inverse 
utoclaves should be insti 
be reactor in order to e*

bo classical ̂V
2  0 r.icl 0 G ,0 2  2. —

'10- 0 üO
hnat

mixins phenomena an ai:

it re -i-T-, -  -f Jj-Lcb o
am err

I have tried to 
Reactor group is a fund 
practical problems can .be attacked 
the responsibility of the ^  
show that such a ta 
oreduotivitv.

ie essenti
o ;
id:oup leader 

ca can provide

al nQec. 0er 3. £0
v/ith which the
cien4-

j_  V » It v/i1I
to c- C X X Yi ton0»
d imnroVClG.ent Gn

Ivm;
be
to



:c:r :

s during my slay at the Beijing Res
al Industry were tea oiling and const
mcr Reaction ingineering. The cours
st inclusive that I have ever asset

_ne major activixio 
Institute -of Chcmic 
on programs in Roly 
I tausht v/as the mo
on the problems in polymer reactor eng Lnoerinc 
of over thirty oeoole who sat through the entire course r.cw
orni a ba.se from v/hich the ideas and methedology that I de
cribei will be used in the programs at the Institute. It
as stressed throughout the lectures that a sound under-
tanding of polymer science is inportant for rational

design and operation of polymer reactor systems.

ine teennica. c li
fashion in which I sought to 
ask the group to address the 

eeusecuences

t to answer■ the specif
or pilot pBant group.

over these questions w;
use of the rroblen and

JL U ¿0 'w a. I .
t i C  ̂l1 v* ■

iai >r. c p  m o o

0s. Xor c. cirri >j2.e9
cC "■■poivmm v»•ir»-. 4- ■;¿j .m. \j _i_on
0jT* an in<-• r> O Iable
4. Aori G10 dr : r J.XJ.0• a. 9a.
XT.. - 3 we '-i (D v/ell 7̂

' 1 o o
is to 
not

: oro clem of gel forme.-.
■ not be gel at all, but 
;ien of the co-oolvmer as
eral 
ved.

.o ra

; p v
reactor group led to • 
in this resort. This ; 
with i-.r. Zhao kens in.

SC'
role and. program of a polyme 
recommendations s r e s e n t e d

■QX‘r ram at  l e n s ;

a mat -j )
r .

I concur with the observations of both „r. Zeiss 
:ang that the urogram of the Chemical .engineering

Division appears to be 
the bhliC eroi set.

v/av to mee- c :

ament

would like to tna.nk . .r. su 
- mj see

i go — / j r) r c- p Q. V> <0 *f’
;h.o 15 Cimi'

3 "bl »
?.i (

Ì Gn3 . • !a 13 0ut hi 0 yscman O k J none 0 f th
be n p c 33i bl v1 r>r ’would s.ny 01 the disous
ho 0 r\ o f 3f) inC' /m o X -Lec tivel y >-* p p j_ved . Rany
th0 I•VI /“■Á - O uia.but 0 C 3o "7 0vrl 3 C’kOting tha.rka
CO u ed V Si Q0 e t ion c-’3.1 c onsid n v'VntSt heln V/hi ch

ICCUCG-  
?v V  9
a n y

J, lA  I

;eir 
inself ishly

: J.
ton curin'



14

APPENDIX A

Polymer Reactor Engineering 
a Course by Robert L. Laurence
Beijing Institute of Chemical Industry 
He Ping Li, Beijing, China

5 August to 8 September 1982

Week

Week 2

Week 3

Week!

- Introduction to Reaction Engineering of 
Polymerizing Systems
-Overview & Definitions 
-Aspects of Polymer Characterization 
-Polymerization Methods 
-Examples of Industrial Processes 

-Mathematical Modelling Techniques 
-Methodology 
-Outline of Techniques 
-Transform Methods 
-Statistical Methods 
•-Population Balances

- Step Growth Polymerization
r-Statistidal and Deterministic Analysis
-Simple Step Growth
-Effect of Chain Stoppers
-Effect of Stoichiometry
-Rversible Step Growth

- Chain Growth Polymerization
-Radical Chain Growth 
-Complexities

- Chain Growth Polymerization (cont'd)
Ionic Chain Growth Processes 
Coordination Polymerization

- Copolymerization
-Mayo equation
-Composition and Sequence Distribution

- Continuous Polymerization Reactors
-Macromixing
-Micromixing
-Experimental Observations

- Heat*& Mass Transfer in Polymer Reactors
-Thermal Effects in Tubular à Well-stirred
Reactors
-Mass Transfer & Devolatilization 
-Diffusion in Polymers 
-Continuous Polyesterification
.am i c 3 ?a Optimi zation
:eactor Dynamic s
otimization Problems
Tempe rature Control &: i*olicy Inpi’ove::n eh
React or Turnaround

:tical Froblerns in the Design end Cntimi-
.on of Free Rad ical Cha in. Growth Poîyners
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