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I Su

During Ur.L.Vardaryan mission to %tie Institute of High

—_—

Molecular Chenmistry, Hawhung, DFRK (period 23 July-13 August
1984) the deteiled acquaintance with scientific and %tecanologi-

cal prcovlems in the field or PVC-compouriiug and processing was
carried out. ‘ ’

The close daily collavoration with the institute’s scienii-
sts gave the opportunity to find cut the main problems in this
field , which are: '

- The very low quality of the industrial PVC-polymer,

- The absence of the scientific methods for creation PVC-
compounds and their processi.g in final croducts.

The ways for overcoming these problems were out-lined.
o}

IT. INTRODUCTION

I arrived at Pyongyang airport, Democratic People’s
Republic of Korea in the morning on July 23, 1984, _
I was welcomed by ur.Kim Chen Jin, Head of laboratory of the
Institute of High iolecular Chexistry (IMiC), in Hamhung, my
counterpart, and by ilr. Hea Don Ir, senior Scientific worker
of tune samz institute. ‘

On the same day I visited the UNDP Office in Pyongyang,
whese .I metv Mr. Ram MNarain, Assistant of Residerrt Representa-
tive.




Cn the next day I was introduced to ir. Richard Miller,
Represzntative, a.i. ror my briefing.

In the morning on July 25 I arrived in Hamhung (my duty
station) and was intrcduced to the staff of IHLIC immediately.

I set about my duties with a discussion of the worx pro-
Zramme. /see annex 1/

During my nission at duty station I had opportunity to become
acquainted with the details of the two laboratories engaged in  "PV(C-—
compounding and processing" project rnamely, "PVC-polymerize-
tion" and "PVC-processing”.

I visited the two local plants where processing of PVC into final flexible
and rigid products is cerried out. Also I visited the Iramous
"Vinalon'"-complex where I was acguainted with PVC-production.
(Annex 2)

During my mission at the IEMC I delivered 6 iLectures on
the following subjects:

1. "Today and tomorrow of PVC in the world production"

2. The selectivity of stabilizers of PVC as one oI the
main problems in PVC-compounding and processing

3. Physico-mechanical properties of PVC-and PVC-compounas
and the methous oI their evaluation

4, The application of the FVC-materials
5 The fillers for 2VC-compounds

6. Polyester plasticizers-—a new class of plasticizers Ior
PvC.

The programme on the "PVC-compoun ing and processing"
prcject was completely rinished on 13va of August.
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III. RACKGROUND INFORMATION

The Institute of High Molecular Chexistry (IELC) was ssta-
blisned in 1900 within Tthe Acadeny or tSclences located in
Hazhung. The total institute staiy is 250 o which 110 are

scisntists, post graduates zrd graduatese.

The institute includes 8 laboratories and orgznized alon
the following lines:

Laboratcry 1- PVC synthesis by suspensicn and ezulsion
pol-merization

Laborztory 2- Synthesis of polymers with ‘nsulation
properties and polyamides

-Laboratory 3- PVC and vpolyethylere prccessing laboratory

Laboratory 4- Laboratory of 7inalon quality improving

-

(€]

Laboratory 5- Synthesis of FVC fibres

Laboratory 6- Rubber synthesis on the base c¢f chloroprzarne
and calcium carbide
Laboratory 7- Rubber processing laboratory

Laboratory 8- Synthesis of suspended dye laboratory

There is arather large library at the Hamhung Section of
Acadeny of Science. The collection of booxss and Jjournals is
printed mainly in the Korean, Japanese, Rnussian languagés and
just a few of them are modern.

The institute has close working relationships with
industry and the wmajority oi research and development projects
carried out are based on reguests received from industry.




For better understendins and solving the "ZVC-compounding
and processing" prcblem I visited with my counterpart the
three local plants beins engaged in proauction or rVC-materials.

There has becn 2-sig nificant rate ol growth in the produc-
tion of PVC polymer Jjuring the last decade in thne world.

Zrowth are:

A=)

The main reasons ror tuis. exceptional

1« The relatively low vrice oI the polymer;

2. Its versatility, since It czan be zade into a variety of
products Irom risid sections to sort elastomers in
complete range of colcurs and transparercies;
e Its f00d physical, chemical and weatnering properties;
I3 o b ’

4, The development oI better pclymers;

re
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5. The developmert of improved stabiliser and lubrica
combirations;

6. The develonnent ofawlde ranze 0i hign uzlit nrocessing
& =} = 4 5
equipment H

Viryl chloride can be polymerized by several difrerent
routes. These include suspension, emulsion, mass and soluticn
polymerization technique, Zach one of these techniques
produces PVC as fine powders which are similar chemically but
can difier considerably in particle structure.

It is the latter property that has the greatest effect on the
polyirer’s performance during processing. Other important
properties which also affect the polymer’s processing ~harac-
teristics, are mclecular weight, particle size distribution
and irregularities within the polymer chain.




at the "Vinaion'-complex, the vinyl chloride obtained
from acetylene is polymerived oy susgension (approximately 95.4)
and by emulsion routes. Total capacity ol the unit is 50000t.

per year.

Suspension PVC is manufactured by stirring vinyl chlorige
and water in the presence ol dispersion agent and an Initiacor
(catalyst) whici is soiuble in the VC monoaer.

The dispersion ag=nt promotes the Tormatvion ol small stapble
droplets of mecnomer.

Polymerization occurs witnin eacn droniet ol viayl chlori-
de with thne water acting malinly &as a heat sinkg Sc remove ih

>

heat of pcliierization, thus allowing careriui ccntrol ¢ the
temperature of reoctioa to be maintained.

el

The choicz of dispersion agent .nd degree ol agitaticn

during the polyuerization are very izportant in dec -
tructure, shape and particle size distributiocr of the Iinzl

polymer. 3y controlling these variables hizi:ly or smooth
spherical particles of various deusities can be produced.
Tue particle type and structure have a considerable eifTlzsct on
the processing characteristics anl other important propercies
such astherate of plavticizer abscrpoion.

Compared with emulsicn polymers, the main aavantages of
suspension polymers are that they are cheaper and have better
characteristics. This has led them to be used increasingly
for dry Llend extrusion or rigid PVC products.

The process of suspension polymerization oI vinyl chloricde
at."Vinalon“-complex is carried out et 60°C periodically,
usiag azobisisnbutylonitrile (AVIN) as initiator, and poly-.
vinylalcohol us dispersion agent.




dere T noviced That final polymer powder was not whit
had greyish-piunk colour, and its particle size was rather larze.

Fcllowing discussions it was apparent that both these factors were due to the

quality of the final PVC-Polymer not being high.

I then visited a l1ocal nlant where different tynes of FVC-
films, wall-papers,'iinoleum were manutactured by calendsring
m>thod. Having become acquainted with the composition of these PVC-
macterials, I paid attention to the TLact that used stabilizers
everywhere were the same- the Pb-and Ba-stearates.,
on my opinion, they were nc% chosen in the right way.

~ The selection of the correct stabilizer ror a PVC-compound
is probably the difficult task Tacing the compounder.
The stabilizer selected czn exert a great Influence on the Ii-
ral appearance and propertieé ol the compound and, theretfore,
has a marked effect on the sales potential of the Iinished
product. The vrobleam is made even greater by the wide selec-
tion of stabilizers which are available and which, %o sorme
extent, overlap .n their prcperties and have an inTfluence on
the stability of the PVC compound. .

In addition, many of Uhe products available behave synergi-
stically with each other tc provide better overall stabiliza-
tion. admittedly, some ol these groups are far more important
than others but It is TLair to say that all of them play an
important part in the stabilization or PVC.

futher I was atasmall plant of local industry of PVC~
processing into rigid films by calendring. The manufacturing
of the PVC-rigid filus is avery 4ifficult technological proovlem
although the extruding has been approached for this purpose.

It is difficult correctly to select all ingredients of the
PVC-conpound. The nature and amount of s%abilizer and lubricant
play 4 very essential role.




While ot this plant I pald attention to the absence of wry

antioxydants and lubricants in the processing PVC-compounds.

The role of tihe lubricant particularly in rigid PVC terurno-
logy is almost as iwmportant as that ol the stabilizer.
Many difrerent types of compounds are availiable as lubri~wuctc
an? they are usually sub-divided into internal and externai
types.

The external lubricant functions as a lubricating layer
between the polymer and metal surfaces oI the processizz =guip-

~ -

ment.

It has low compatibility with the PVC particularly av pro-
cessing temperatures so that it can exude towards the surilace.

As a result of this, it will also form a lubricatin: layer
around the individual particles of the PVC and thus resari the
rate of gelation.

Internal lubricants are much more compatible witk PVC.
Its use will reduce the meslt viscosity of the polymer, .aprove
the flow characteristics and reduce the Irictional hsat during
processings

Therefore, based on my impressions I concluded that the indus-
trial PVC-product did not meet processing requirements and it
is necessary to expand the knowledge and techniques as regards
stabilization, lubrication and general processing of PVC into
final products.
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IV. REStARCH AND DEVELOPMENT PROGRAMME

According to my mission I concentrated my expert’s activity
on the problems of two laboratories of IHMC namely PVC-poly-
merization and PVC-processing.

Taking iato consideravion the rather rich sources or raw
calcium carbonate, high dewmand Tor PVC and PVC-materials, the
government policy directed towards Independence on imports and
the present research and tecanological problems, I selected
two main projects to be carried out in the IiiC.

a) Project 1.
PVC-polymerization

Personnel: 23 ewpl., 1 Doctor of Sc., 4 Ph.D., 6 Senior 3Sc.
Wey 4 Junior 3c.W. and others,

Head: Mr. Kim Chen Jin.

The DPRK has no petroleum-o0il or natural gas that can be used
for production of olefins, in particular, vinyl chloride.
This situation is to be solved by using the acetylene from cal-~
cium carbide as an alternative starting material.

The vinyl chloride is polymerized by suspeunsion route (appro-
xinately 95%) and by emulsion route at the "Vinalon"-compl :x.
Total capacity oif the unit is 50 th.t per year.

The purpose of this project is improving the different tech-
nological stages orf vinylchioride polymerization to obtain the
PVC~polymer with high quality properties.

The gtaff of PVC-polymerization laboratory investigates two
types of vinyl chloride polymerization, studying the suspens.on
and emulsion metancds.

Reactions are -:arried out periodically in 5 1t ipparatus by
the diflerent types of initi.tors under various conditions,
A few problems of improvin;; of micro.tructure of the obtained
EVC~polymer are solved 21:0.




™"

—rre~

The industrial PVC-polymer represeunts a rather big size
powder with greyish-pink colour, that has veryv low thermos-—
tability. 4All these Taclors are spoken of as a very irregular
structure or PVC-maxkromolecules.

This 1s one ol the main causes of bad properties of PVC-
pOolymer. .

Recommendationss for improving the mierostructure of the PVC-
polymer, and consequently, the quality,
I suggest:

- to carry out the research work on superpurifying vinylchlo-
~ ride from any ad-rixuvures, non-reacted acetylene in
particular;

- to apply wmore effecctive peroxide initiator instead c¢f today
Mavio"-initiator;

- to change or modaify the dispersion agent tased on polyvinyl-
alcoholto amore effective one.(Annex 3)

b) Project 2.
PVC-processing

Personrwel: 20 empl., 2 Ph.D., 4 Senior 3Sc.#., 6 Jouanior Sc.v.
and others.

Head of laboratory: Mr. Han Bom Do.

The staff of the laboratory investigate <the differznt
physico=-chemical and physico-mechanical properties of obtained
PVC~coumpounds. A numnber of processing problems are also
solved here.

However, the limited quantity of laboratory equipment and
apparatus is restraining the development for study of PVC-
compounding and processing. Moreover, much of the units are

" very old.(over 15 years)
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I sugzest stali ol the laboratory concentrate the aztiviti-
es an developing scientific methods for creution of PVC-
compounds. I mean the wide variety ol additives namely-plasti-
cizers, extenders, stabilizers, lubricants, fillers, wnich can
be used with PVC Uo yield different end results and considera-
ble range of products.

Recommendations: for improviagz the sclentific level in the fi-
eld or PVC-componnding and prccessing,
I suggest:

Q2

- to investigute new types of lubricanvs;j

~ to research new stabilizers for flexible and rigid PVC-
materials;

-~ %o esteblish dcientiric base for methods of PVC-process—
ing, (Annex %)

V. RECOMMENDATIONS

I think that it is very expedient to establish the new la-

boratory in the IHMC.'namely, laporatory ol fillers for polymers.

Fillers are normally incorporated into polymers
to act as extenders which reduce the overall cost. They are
a.so added to opacify the compound or to bring about other des-
crible properties for specific applications. The main disadvan-
tage to the use of fillers is that they way detract from the
tensile stren;jth of finished products. They can also exert a
marked erfect on the processing characteristics of the PVC-
compound depending on the type of filler used. Certain fil=-
lers can also be included to bring about an improvemert in the
impact strength of the PYC, Several different types of compo-
unds are in commercial use today.

One of the most wide-spread is calcium carbonate rfor PVC~
conmpounds.
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In this way, on the one hani, in ay opinion, activity of
this laboratory couid be based on the rich sources of raw cal-
cium carbcnate. On the other hand, one would expect to have a
good cooperation with the institute of inorgunic chemistry in
Hanhung to deal with this problent.
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Institute of High Kolecular Chemistry. AS.DrRK.

Work programme in "PVC-compounding and processing"

problem during the. UNIDO expert L. Vardanyan mission
/ period 23 July-13 sAugust 1984 /
Si/DRI/83/302/11-02/32.1.K

Duty station-Hamhung

The work programme has been prepared in accordance witr.x the Jjob
description, in consultation with the authorities and included
- —the following activities:- - -~ e oo L o

1. Acquaintance with the structure of IHLIC and particular-
ly with the laboratories involved in "PVC-compounding
and processing' prcblenm

2. Working out of work programme on this problem in detail
with the national counterpart specialist.

3. Detailed acquaintance with the "PVC-polymerization"
laboratory

4, Detailed acquaintance with "PVC-and PEt~processing"
laboratory

5. Visiting "the semiplant of PVC-production at '"Vinalon"
-complex

6. Visiting the two local '"PVC-processing'plants

7. Giving lecture-"Today and tomorrow of PVC in the world
production"

8. Discussion of observations with the counterpart.




6.
7.

Period 1-7 of august

Giving lecture- The selectivity oi stabilizers of PVC as
one o the main problems in "PVC-compounding and process-—

ing".

Discussion with Jaboratory staif on the research work and
recommendations.

Giving lecture- Fhysico-mechznical properties oI PVC-and
PVC-compounds and the methods of their evaluation.

Discussion of observations with counternart and recommen-—
dations.

Fiving lecture- ‘fne PVC-material spplication

Giving lechurc— The fillers Ior PVC-compounds

Givin; lecture- Polyester plasticizers—a new class of
plasticizers for PVC.

Discussion of the expert’s susz2stions abtcut vrcgect.
4 S5 o 1%}

On behzlf of L. AS.DFRX

Deputy Director a.i.

Y 7
Sign 7?&”‘

On behull of experts of UNIDO Reprezentative

Levon Vardanyan
/
Sign s

27 July, 1984
Hamhung.

Han Zon Do




Annex 2.

Prolessicnals participating i zecivillgand discussions

1. B8Bin 3en John- the firit dzputy Director of Academy of
Sciences Hamhung Section

2. nim Chang Ha- Instructor of the Hauwhuny Section of lAcaden

ey

of Sciences

)

3. Han Bom Do- Deputy Director a.i. of IillC, head of lszboratary

4, Zim Chen Jin- Head of lab5ratory of IHi

5. Le Ben Un~ Head of laboratory of IXi

6. Kim Ben Du~ Head of latoratory of IHC

7. Jo Son Ho- Head of latoratory 6f IMic

‘8. Lee Te Meu-— éeniar Scientific worker ol IH;C‘(S.b.X.)

9. 2on Cyn Zon- S.S.d.
10. Pak June He—= S.oeWe
11. Ok Tee Hoon- 3.5..

12. Pak Chen He- 5.S.%.

13. Sin ku Gil- S.8.7.

14, Yun Chan Gyn- S.3.9.

15. Chen Gem Uk—=S.S3.W.

16+ Chem Ze (en- Junior scientific worker (JSV)
17. Kim Gan Chune- JSIV

18. Pak Un Fein- JSW

19. An Don Hoon- J3V

20. Kim Ben Man-- JSW

21. Lee En Fil- Deputy Chief engineer of "vinalonfcomplex

22. Lee Hon Tak- Chief engineer of PVC -shop in "Vinalon'-complex

23. Tscy Gan Su-~ Chier engineer of plastics-processing plant
24 Kim Son Zin- Instructor of plastics-processing plant

25. Kim Geen Bok= Director of plant for children goods

25. Luy Zu Un- Chief engineer of plant for children goods




Equlpment required in Project 1

Ttenm Description Quantity ~ Cost. US. §

1 Inirared speétro- 1 20,000
photometer '

2 Gel-chromatograph : 1 20,0C0

3 Light scatterinyg photo- 1 - 20,000
meter

4 Differential thermoaraly- 1 10,000
ser

foot-note: in the DPRX current frequency is 60 Hz.
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Annex 4
Bauipment required in Project 2
Description Quantity Cost.US #
"Brabender'" plasti-cord-~ 1 40,000
with extrusiograph.
2 Electro-mechanical Univarsal 1 25,000
Testing nachine, "Shimadzu"
autograph with template ror
"contour-cut"
3 "Scamia" Combined laboratory = 1 25,000
nachine (7 uses)
4 Ultra—-thermostat as CEAST 1 1000
' UW/Pl.2 '
5 "Oxygen—-index" Apparatus CZAST 1 10,000
6 Reoscop 1,000, CZiST with 1 25,000
viscosimeter "Kastor-severs
7 Apparatus ror measuring dielec- 1 15,000

tric properties

foot-note: in the DPRK current tfrequency is 60 Hz




We wers 2cquaing:i with the flimal
repovt "PVC-production anil rrocessing”
prepared by L.Vardany.n, expert ULi.DC.

me cons.?er that his work at the
Institute of High ilolecular Chemistry

was successiul, and his recommendations
are right and useiul.

Deputy Director a.i.

Han Bom Do. /.//é/t%







