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NEW CHINA'S PROGRESS IN THE
CHEMISTRY AND CHEMICAL ENGINEERING
OF HIGH POLYMERS#*

/ This 1s a Tull translation of an artlcle by
Ch'ien Pao=kung appearing in K'o=-hsueh T' un%gp
(Scientia), No 20, 26 October 1959, pages 666 =~ 673./

In view of the fact that this ls an era characterized
by the use cf materilals and atonmlc energy of high
polymers, the second half of the *twentleth century has
been appropriately termed a Joinut era of high polymers
and atomic ene“gyo

The world's gross annual production capacity of
rubber, plastics and synthetlc high polymer fibers
as of now 1s placed at approximately 10 million tons,
or over twice the volume of production of nonferrous
metals. Thls will be increased to 25-30 million tons
in 15~20 years, . Turing the past thirty years, this
newly developed synthetlc chemistry of high polynmers
had achleved enormous growth and spectacular suecess,
giving sure guldance to the creation and utilization of
chemical compounds of high polymers. A& modern and
strict theoretical treatment of high polymers ias been
created, dealing with the reaction processes of
their formation and dissociation, and with thelr
structure and properties,

# This article is a resume complled and written by
Wang Pao-Jen, Ho Pingnlin, Wu Hslang-lung,
Ou=-yang Ghun, Ch'ien Jen-yuan, Ch=ien Pao-~kung
and others who have contrlibuted to the research
on cheunlstry of high polymer during the past
decade, The manuscript when completed was read
by Wang Pao=-jen, T'ang H'ao-ch'ing, Ch'ien
Jen-yuan and others, to whom thanks are due.
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Because of the demand for rubber, plastics,
chenical fibers and resins and other high polymer
materials for soclalist reconstruction in China,
research work on the cheumistry of high polymers
expanded after Liberation under the party's leadership
and support and has reached maturity in the ten
years following the founding of the reglue. Before
Liberation thils branch of sclence was a "bland,"

The principal task of the government 1is
to produce 1n quantity such high polymer materials
as are being manufactured by the advanced world
through China's own high polymer chemical engineering
and chemical research, and on the basis of China's
practical needs, resource characteristics, sclentifie
level, and technological conditicns Much work

: including laboratory research and intermediate factory

testing has been done during the past decade on

the compounding and polymerization of individual

high polymer materials and the vrocessing and changing
of propertles of natural high polymer materials.
Simultaneously, theoretical research on the structure
of related reactlons and the texture and properties of
high polymers was conducted with appropriate care.
According to incomplete statistlies now available,
about 500 research reports and treatises were complled
and written durlng the past decade., Two=-fifths of these
studies dealt with the practical phase while one-fifth
was devoted to theoretical exposition,

All in all, the chemlstry of high polymers has
progressed from nil to notable growth in New China
during the past decade; 1t is an accomplished fact,
while an adequate contribution has been made to the
tralining of cadres, thereby laying the foundation for
further study on the chemical theory and practice
of high polymerization.

I, DNatural Rubber and Synthetic Rubber

Rubber 1s indispensable to modern industry
and standards of living, and its elastlclty is
irreplaceable, It is principally used for the
manufacture of motor vehicle and alrplane tires,
transmission and conveyor belting, electric cord
and cable and various types of technlcal accessories
as well as dally necessities and sanitary articles,



World production of natural rubber is estimated
at two milllion tons per annum, In two decades the
production of synthetlc rubber has almost overtaken that
of natural rubber, The latter is applied to general
use while the former is also uvsed for speclalized
purposes, The prospects for developing botih natural and
synthetic rubber to meet natural and industrial
requirements in China are bright,

Natural rubber. Investigatlons after Liberation
revealed that China is richly endowed w*th rubbar
resourges =-- principally ' sanmyeh—shu rubber [ﬁwazil
rubber/, "hsiang-chiao-ts'ao' rubber, "tu-chung" rubber
/Gutta~percha/, "hsiang-chilao-i'eng" rubber [tappings
from rattan/, etc. The chemlcal comwposition,
molecular weight and physical and mechanical
propertlies of these principal varleties were analyzed,
examined and studied accordingly, and it was
established that natural rubber produced in China
(san-yeh-shu rubber) resembled that of Ceylon in
chemical composition and molecular welght and that
sici laVrty also exlisted between the two in technical,

physical and mechanical pfOpGPG;e By copmparison
the Chinese variety is higher in primary
plesticity.

In view of this characteristic, research on
plasticlity and plastic reduction wilth reference to the
relatlonship between plasticity and molecular weight
and changes in molecular weight and distributlon during
redustion was conducted, At the same time laboratory
testing on mixed reduction was performed,

Vulcanization and aging of natural rubber was
examined in relation to tire production with
emphasis on the measurement of vulcanization and aglng
and the problem of coke combustion and vulcan¢Lation
in relation to the natural rubber produced in
China,

Manufacturing rubber goods directly with latex
from natural rubber is an important problem confronting
the modern rubber industry. In this connnection,
research projects on latex transformation,
concentration, reduction, compounding, preparation for
seni-vulcanized and vulcanilzed latex, macerated film
latex production, "latticework" macerated film latex
prodection, 8@,y Were preliminarily and successfully
consurnateds.

During the past decade, research on natural




rubber production in China was well begun and a definite
foundation was laid, Henceforth, investigatlon on
natural rubber resources, especially its Chinese
characteristics, should be made with increasing effort.
Such problems as plastic and mixed reduction,
vulcanization and the aging prccess, grafting and
quality conversion of mnatural rubber, the utilization of
natural latex and the manufacture of special rubber
goods should be examined in the light of both theory
and practice so that the technology of rubber production
may be systematlcally established in China., Long-range
research on the texture of caoutchouec, 1if conditilons
permit, should be made, Thls problem has yet to be
solved by scientists.

Synthetle rubber. Synthetic rubber is one
the important accomplishments and development landmarks
in the entlre field of modern high polymer chemilstry,
It has general, exclusive and egpeclalized uses according
to 1ts properties. The work was begun immediately after
Liberation. During this stage, the task like that for
the development of synthetlc materials of high
polymers, was to manufacture such products as were
already produced 1ln quantity abroad. The emphasis was,
therefore, placed on reaction factors necessary to the
solution of industrial chemical processes particularly
those from baslic materials to isolated syntheses and
from lsolated syntheses to the productlion of high
polyners,

Generally speaking, ethyl benzene rubber is
malinly used for the production of synthetic rubber.
After Liberation, stress was placed on the study of
butadlene and the two processes for 1ts syntheslis,

[The first being/ the synthetic catalytic derivation

of butadien from alcohol, and the second the synthstic
catalysis of butane~butene 1in petroleum distillation.
As to polymerization, research was concentrated on the
formula for polymerizing an improved butadlene-styrene
latex with applications in modern industry with

some improvement, In addition, preliminary research on
the selectlon of olls for the making of ethyle

benzene rubber for lubrication use was conducted,

Butadlene serves directly as raw umaterial for
the making of many types of synthetic rubber,
"Ting-p*1i" rubber, capable of resisting heat and
oll, 1s a mnew line being developed in China for
general and speclal uses, and through chemical
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conversion new properties may be evolved. Its
development 1s beilng centinued.

By means of directed polymerization, the
texture of butadlene may be so regulated as to
form polymerized butadiene of improved elasticity and
lower molecular count; but -when it is mechanlcally
grafted to ethyleneuprop rlene polymers of lower
elastlcity and higher moiecular count, an adjustment
may be made at will for the desired elasticity
and molecular count. Its potentlal 1s bound to play
an Ilmportant role in the future growth of synthetic
rubber for general applicatlon. This research work
1s being pursued in China.

By the method of dlrected polymerization
mentioned above, isoprene may be synthetically
polymerized to present a structure exactly similar
to that of "synthetic natural rubber," When it
unit production cost is lowered, 1its growth will
be enormous.

Research on chlorinated latex for the manufacture
of special rubber was also undertaken in China
with adequate progress, However, little work was done
concerning chlor-prens rubber in respsct to isolated
polymers and changes in the propertles of chlorinated
latex. New lines should henceforth be developed by
exploratory testing.

Polymerized sulfonated rubber is highly oil=-
resistant, In the past, research on A, B, and F
grades of polymerized sulfonated rubber was undertaken
with emphasis on their preparation in the liquid state,
A mixing of this variety with diolefines could
increase the latter's oll-resistance. Testing also
proved that polymerized, sulfonated chlotrinated rubber
was superior to the butyl-nitriles type in both
oll=resistance and strength,

As to special varieties, research on silicon
rubber was done with definite success and preliminary
work on flucrine rubber was also started in recent
years,

Some geps remain to be filled in the production
of synthetic rubber, For example, abrasion=-resisting
butyl-carboxyl and amino-ester rubber and isobutyl
rubber of low porosity as well as problems of vulcanizat-
ion and aging remalin to be examined,

In short, a proper foundation has been laid for
the conduct of research on synthetlic rubber., In the
interest of consolidating the production of synthetlc




rubber, we should, apart from ooatinuing to examine
ethyl-benzene and chlorinated rubber for mass
production, devote our study to new-type

rubbers such as dlolefines, "ting-p'i" and butyl-
carboxyl types, particularly the directionally
polymerized synthetic rubber, Work on exclusive

and special rubber should continue to be developed.
Exploratory steps for new types should be immediately
undertaken with emphasls on synthetic rubber of
designated property or properties., These steps may also
be taken on a long-term basis,’ ,

11, Plastic Materlals and Synthetic Resin

Synthetic plastics and resins vary greatly and
differ in theilr properties, Their applications are
broad, extendlng to the manufacture of motor
vehlcles, airplanes, and machines, and to the
electrical, construction and ship-bullding industries
as well as the chemical anf foods industries, where they
are used as structural, insulating, chemical engineering
and decorative maueridis.

World production volume, of which high
polymer materials account for much the greatest
proportion, now exceeds 4 million tons per annum, or
two times the figure of five years ago.

Sunthetic plastics and resisn may be classified
according to the method of polymerization as polymer-
added and polymer-condensed, in addition to a type
known as ion exchange resin., Work was begun soon
after Liberation but there was no important development
until two or three years ago.

Polvmev-addOd Plastic Materilal and Resin. Under
this heading, the main variety is isolated nign
polymer ethylene, the symbol of the modern plastilcs
industry.

Mainly as a result of improved methods of
polymerization, high polymer ethylene 1n recent years
has had the most rapld increase in volume of production
anong all plastic materials, In the wake of the develop=
ment of high pressure polymerization methods came the
development of intermediate and normal pressure
methods, Low pressure, metallic, organic, and catalytic




polynmerization methods were first examined while
research on the other two methods had begun.

The polymerizatioh of propylene (polymerized propylene
is used for the manufacture of synthetic high polymer
fibers) was brought about by the application of the
catalytic polymerilzation method together with
metalllc oxldes (the intermediate pressure method),
Also, the radioactivity of atomic (reaction) and
ultra-violet rays were utilized for the preparation
of polymerized ethylene. This method for changing
the properties of high polymer materials is worthy

of developument,

In the past, a series of studles was made of the
parparation of high-use vinyl chloride by the
lsolated synthetic polymerilzation method with fairly
satisfactory results. The flotation and emulsion
polymerization methods were studied in somewhat
greater detail., In addition, research on vinyl
perchlorate and meta dlchloro=-ecthylene was conducted.
Joint polymerizatlion of isolated materlals such as vinyl
perchlorate resin, meta dichloro-ethylene, and others.
will be gilven greater emphasis,

Emphasis was placed on studies cof the isolated
synthetlc phase of polymerized styrene, and the
dehydrogen reaction of ethyl benzene was observed with
great care, The method of radiocactive polymerization
through the use of atomle energy and the directed
polymerization method with metallic and organic
naterlals were also explored, The radloactive and
directed polymerizatlcn methods will be developed
in line with broad studles on all types of isolated
ethylene,

Among polymer-added ethylene materials
exanined during the past decade was methyl acrylate,
used for the preparatlion of organic glass., The
isolated synthetlc method was also improved, The
effect of a slight amount of oxygzen on the acceleration
of i1solated polymerization and the effect of an
excessive amount of oxygen on the retardation
of polymerization of methyl acrylate and other
esters was observed to affect the speed of polymerization,
and when compounding of acrylic acid or stannic ester
of methyl~acrylic acid was explored, the polymer was
observed to have acquired new properties,

Vinyl acetate, ethylene alcochol, acetal and
other materials of high polymer may be used for the




manufacture of plastics material, paint, adhesive and
fibers, on which a serles of research projects had been
conducted in the past, Polymerized ethylene alcohol
and condensed butyl aldehyde used for the production

- of adheslve and polymerized ethylene aloochol and
condensed methyl alcohol employed for the preparation
of synthetle fibers were more carefully studied,

Also, plastlc materials containing fluorine
and possessing high temperature and corrosilon resistance,
N-vinyl used as substitute for plasma, polymerized
vinylite pyridine used as an lon-exchange agent, and
polynerized methyl alcohol with possibility for
potentlial development were examined,

In the field of ethylene research, there are
gaps to be fillled, Some principal forms of derived
and homologous products mentioned above including
vinylite ether and lsobutene employed for ionic
polymnerization remain to be studied.

It is evident from the description glven above
that the principal varieties of poiymer-added ethylene
were largely, if not completely, exanmined during the
last few years and that a definite foundation has been
laid. In view of the fact that moszt wvarleties of isolated
ethylene were involved in the production scheme of heavy,
organic synthetic and petroleun industries and that many
of then were concurrently regarded as raw materilals
for the preparation of synthetlc r»ubber and fibers,
the development of all these products siould be
given joint consideration, Because of thelr wide
Industrial applicatlon, emphasis should be placed on
the growth of polymerized ethylene and vinyl chloride.
At the same time, future research work should be
directed toward the creation of new properties, new
polymerization and property conversion methods and, more
particularly, the development of high polymer
ethylene materials with greater heat resistalce.

Condensed, Polymerized Plastlc Materials
and Reging. Resing and piastic materilals that
were obtained by the method of condensation and .. .
polymerization, ranglng from older alidehyde phenate
plastics to more recent reinforced plastic materials,
were generally examined during past few years,

Aldehyde phenate resins used for the
preparation of plastic materials, paint and adhesives
arc not produced in comparatively large quantities in




China. As a result of a few years' effort, it has been
possible to brcaden the scope of production from siuple
electrical appliances and daily necesslties to acid=-
resisting aldehyde phenate plastics containers,
colloids, etc., for chemical industeial application,
frictlon-résistant brake-lining and adhesives for motor
vehicles, sllent gears and axles for machinery,
aldehyde phenate paint and plyboard for industrial use,
etc. We should continue to solve these problens

and to lincrease the number of varleties in order to
broaden thelr scope of application, It is inperative
that resin or rubber be polymerized by the grafting
nethod so as to create high-~temperature~resistant

and corrosion~resistant plastic materials of high
strength as a partial substitute for nonferrous

netals,

The prospect for the development of furfural
resin and plastic materlials 1ls ccnsidered good
in view of the fact that furfural may be made avallable
in China from her bounteous agricultural productlon.
The precblen of processing furfural . was resolved
wlth great effort only recently, The preparation
of furfural synthetic resin was relatad to the problem
of catalysis, the solution of which facilltated
the improveument of techniques 1n the processing of
plastlc materials. Agaln, there was the development
In recent years of furfural-acetone resin. In solid
form, its mechanical propertlies and its chemical
stabllity surpassed aldehyde phenate plastic.
materials in quallity, It 1s worthy of development
in China,

It was a general practice to treat urea-
formaldehyde resin by the low tempersture method but when
the high temperature method was acdopted, production
procedure was simplified, Hlghly heated urea-formaldehyde
foan plastlcs with very low specific gravity was found
In a trial experiment to have prevented urea-formaldehyde
emission plastics materlal through evaporation,
Urea-formaldehyde plastlces material would henceforth
be tested with solld fuel, Little research was done
on paraformaldehyde which is similar in type
to urca-formaldchyde resin, With satisfactory
procurcnent of raw sulted tc the developuent of
plastics goods In China with extensive applications
in 1light and heavy industry, 1t would be possible
to manufacture low=-priced high-quality daily
necessities,




During past two years, studies on how to reinforce
plastics material with unsaturated and cyclic
oxyzen resin were undertaken. Reinforced plastics
now play a very important role in the growth of the
plastics industry. Thelr strength already approaches that
of hard steel-alunminum alloy, They are low in
specif'ic gravity, corroslon~resistant, elastic, good
for insulation, capable of belng processed into articles
of odd shapes and suited to the production of automobille
radlators, shiphulls, machinery, oil tanks, piping,
ctc. These plastics should be regarded in China as a
key-point for development. Our main problem lies in
the acquisitlion of resources for the manufacture of
reinforced plastlic materials (fiber=glass and
other fibers of high tensile strength) and resin
compounds. In addition there is the problem of
adheslon. Cyclic oxygen resin, which is an adheslv
agent, should therefore be developed,

Also, hydroxyl-carboxylliec acidic resin used
for the manufacture of synthetic paint may be
extracted from a phenate compound found in Chinese paint
for the manufacture of corrosion-regisgtant paint and wood-
0il plastic material. In the past, research on
this problem was especlally conducted to ascertain the
composition of Chinese paint and the structure of itis
phenol content. The paint industry is considered an
Important branch of the high polymer industry. How to
utlilize Chinese raw materlials and resin compounds
for the manufacture of high-~quality paint now looms
as an important problem for research.

Finally, the study of silicon materials of
high polymer should be dealt with, Main work in
recent years was confined to the examinatlion of isolated
compounds involving the improvement of the traditional
method of preparing polymerized silica paraffins in
lsolated form, the isolated aspect of chemisal properties,
the production of silicon oll, silicon resin, silicon
paint, silicon rubber and other materialis of high
polymer, Apart from the silica iypes of high polymer
mentioned above, exploratory work was done on
silicon-silicon type, sillicon=carbon-sgilicon-oxygen
compounds of high polymer, etc.

Because of thelr wide application in the Chinese
national economy and because of the availabllity of
raw materials, adequate foundation has already been
laid for the further study of the condensed, polymerized
resins and plastlcs mentioned above, For these
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studies, the stress willl be placed on reinforced and
foam plastics, silicon materials of high polymer, new
lines of condensed, polymerized production and their
development and creation.

. Ion-exchange resin, Ion-exchange resin, the
"tool-less equipment, " .s kmown for its broad
applications in the chemical industry and other related
departménts, employed as 1t 1s for the purification of
water, dissociation of metals and rare elements,
dissocilation and purification of antiblotics and octher
valuable chemlcal products;

It is a poly-added or poiy-condensed product,
Belng an acid or alkall radical of high polymer, 1t 1ls
classiflable either as a positlive or negative lon,.

The earliest study in our research on lon-exchange
resin was assoclated with sulfonated coal used industrial-
ly for the purification of water., Subsequent research
was related %o studles on sulfonyl aldehyde phenate
resin and sulfonyl stryrene phosphate resin -- two
effective acid-type exchange resins, Also, stryrene
phosphate resin -- a medium acid-type exchange resin =-
was experimentally manufactured, A wealk acld-type -
positive ion-exchange resin was developed along with the
extraction of streptomycin (an antitiotic), vegstable
alkaloid and other blcchemical products. Many lines
of high=-quallty products were produced, and an insoluble
type of exchange resin was developed.

In connection with negative lon=-exchange resln,
research on amino salts -- a strong alkali-type exchange
resin of high quality -- was undertaken. In addition, a
geries of weak alkali-type exchange resins was compounded.
These negative exchange resins were used tc purify
water, to eliminate sliight quantitiss of carbon dloxide,
to extract uranium, and to dissoclate natural products.

Apart from the uses Just mentioned, lon-exchange
resin 1s extensgively used for chemical analysls,
Positive-lon-negative-ion resin, by virtue of 1its re-
assoclatlon property, is utilized o purify seawater,

The demand for ion-exchaiige resin l1s bound to
rise as industries are developed in (Caina, In the past,
a sound foundation was lald to facilitate the develop~
ment of new types of lon resin such as highly selectlve,
heat-resistant, radioactive ion-exchange agents, lon-
exchange film, paper or liquid resin, electron-exchange
resin, optically active resin, etc. Theorles on the
electrolytic properties of high polymers are worthy of
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research.

I11. Artificlal Fibers and Synthetic Fibers

Chemlcal fibers are being broadly developed as
textlles, cords, thin filmg, fish-nets and substitutes
for wool, sllk and hides,

Chemical fibers consist of two maln varieties:
artificlal fiber and synthetic fiber. The volume of
world production already exceeds 3 million tons per
annum, or one-third of the production volume of natural
Tibers (cotton, wool and silk). Artificial fibers and
synthetic fibers are currently produced in a ratio of
9 to 1 but the development of the latier variety is
proceeding at an accelerated pace.

Provided as she 1s with the requisite resource
and performance factors, China will witness a rapid
development in the production of artificial and synthetic
Tibers.

Artificial filbers. Artificial fiber or
viscose 1ls artificlal silk developed from natural fibers
by the adhesive method. Fibers from coniferous woods are
traditionally regarded by the world as raw materials for
the productlon of viscose, As - the resource situation
in China 1s different, it 1is necessary to consider the
utilizatlion of fibers other than wood fibers,

After careful study and intermedlate testlng, it
was found possible to substitute bagasse for coniferous
wood fibers as raw material for the manmufacture of
viscose, During the past two years, experluments have
been performed on a large scale to determine whether
grass fibers such as reeds, wheat stalks, rice straw,
bamboo, kaollang, and cotton stalks, etc., could be used
for the production of artificial fibers or viscose,
Altogether, over 20 varieties of plants were tested,

Adequate methods and conditions were established
for the dlssoclation and refinement of grass flbers,
Vheir viscosity, polymerization, energy of reactlon,
ultra-meclecule structure, chemical composition, etc,,
were examined wlith varylng degrees of Intensity. Research
on the simplification of viscose processing and preparat-
o2y steps for the production of reinforced artificlal
siik undertaken wlth preliminary success,

In addition to research on grass fibers, the de-
rivatives of ester and ether and changes in the propert-

12




les of other natural fibers were examined, too.

The natural cause for fiber chemistiry in China
seemed to 1lle in the utilization of her unlimited grass
fiber resources, Achlevements in the modern chemistry
of high polymers will be utilized to lmprove the quality
of artificial fiber and to change the properties of natur-
al fibers as well as to exarine to the structure and
energy of reaction fo fiber in general,

Sunthetic fibers, Synthetic fibers known
for thelr fine quallity have developed greatly during the
past two decades. They may be classifled under the two
categorles of polymer-added and polymer-condensed flbers
according to the method of polymerization, the latter
variety being the more important. They were examined
in China recently with varying degrees of intensity.

As to polymer-added products, the prospect for
the growth of polymerized propylene Tiber seems to be
bright because 1lts cost of production is as low as that
of cotton fiber and also because it 1s comparable to
synthetic flber in quality., Ths problem is belng
~studied in China with particular reference to the improve-
ment of the directed polymerization method,

Polymerized propylene fiber (orlon), aglng-
resistant and similar to wool in quality, is being tested,
A special solvent (dimethylamine) was heeded for drawing
fiber, To avold uslng thils solvent, twc measures were
gonsidered: polymerizatlon could be performed in salt
solution and acrylonitrile and vinyl chloride could be
polymerized on an isolated basis. The experiment was
conducted with preliminary success but further research
is necessary.

The compounding of polymerized ethylene alcohol and
methyl alochol fiber /wei=-ni-lun/ with polymerized vinyl
chloride by the additlon of carblde 1s being tested. The
properties of these two types of fibers, ezpecially
those of polymerized vinyl chloride, remain to be examin-
ed. Therefore, improvements should be sought 1ln the
method of polymerization and fiber drawing, ’

Regarding condensed, poiymerized products, nylon
fibers play a dominant role among synthetlc flbers. In
recent years, much research work has been done in China
to perfect the compounding of anylon fibers 6,9,11,66,
96, 1010, etc.

The source of isolated elements and the method of
compounding were emphasized, The method of polymerlizing
amino fiber was improved. From castor oil were extracted
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polymerized amines 9 and 11 for the compounding of amino
pelargonic acid, and from furfural was drawn polymerized
amine 66 for the compounding of butane dicarboxylic acid
and hexylamlne. Whille basic materials == castor oll and
furfural -- may readily be obtained from China's
agricyltural resources, their synthewls 1s nonetheless
complicated, and simplification is expected,

~The condensatlion of polymerized products, especlal=-
ly the reaction from hexylamine, was examined wilth care.
An improved surface condensation method for the prepara-
tion of polymerized amine 66 was considered, The
synthesls of polymerilzed ester fiber was given prelimina-
ry study. The mechanism of this polymerized ester
reaction was studled in relation to the general structure
of polymerized ester reactions,

In the case of condensed, polymerized products,
there are gaps to be filled., Among recently developed
synthetlec hlgh polymer fibers may be listed polymerized
amlno~ester, polymerized resir carbonate, anhydride,
ete. Filber-drawlng 1s especilally important in the study
of synthetic flbers. The development of this technique,
Involving hlgh polymer physics, is only at the initlal
stage. v
All in all, the study of synthetic fibers has
begun in China. The development of fibers and the
clarification of conditlons under which the study of
a partlicular varlety may become dominant, as 1is the case
with the other types of synthetic high pclymer products,
can only be the result of intenslive research. Our
exaninatlion of synthetic fibers reveals that the weak
link seems to be the problem of surface condensatlon
and fiber drawing; this problem should be examined from
both the theoretical and the practical standpoints. The
exploratory work for ithe discovery of new types of syn=-
thetic filbers should be conducted on the basis of what
has already been accomplished.

IV. Reactlon Mechanlem and Dynawrics

The mechanism of a reaction of high polymer
formation and dissoclation is a dominant scientific
problem in the study of high polymer chemistiry. It
concerns procedures of preparation, processing, property
converslion and operation, which must be examined from
both the theoretical and the practical standpoints,
Research on these problems has been conducted throughout
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the world. While work in China has begun only recently,
the Chinese contribution to the solutlon of some
theoretical problems, especlally the problem of the
mechanlgn of condensation reactlons and some aspects of
dynamics, 1s obvilous,

Reactlion of polymer additlon. This reaction
may be considered as a high polymer reaction to the
polymerization of 1solated vinyl, and has been proved to
be a chaln-reaction, 1In analyzing the dynamic aspect of
this reaction, Bodenstein's hypothesis of stabillity was
often taken for granted. Its valldity was questioned
because the hypothesis did not stand the test of strict
mathematical analysis, When the spontaneous reaction
to polymer addltion was examined through dynamlic analysis,
the reasonableness of his hypothesis was proved. It 1is
here perfectly applicable,

In practlice, emulsion polymerization is a method
wldely adopted for the preparation of synthetlic rubbwr
and plastics, Whether reaction to polymerization occurs
at the absorptlon layer of the smulsicn or within the
emulslon 1tself quring the process remains debatable
since the evidence permits both interpretations, Careful
exanination of the procedure for emulsion polymerizatilon
of styrene showed that the speed of polymerization was
determined by activity at the surface area of the emul=
sion, suggesting that Medvedev's contentlon that react-
lon to emulsion polymerization occurred at the absorption
layer was more likely to be the case,

Reactlon of condensation. This is another
Important reaction in the preparation of chemlcal compounds
of high polymer, It was generaily bellieved that the
condensation-dissociaticn equilibrium that occurred during
reaction would affect the distribution of the molecular
weights of condensed products, But when a typlcal case
of condensation reaction was analyzed from the standpoint
of dynamles, the results demonstrated that, granting
that dissociatlon reaction was present, 1t was still
possible for the molecular welght of the condensed
products to be distributed according to Flory's law,

But In the course of condensation reaction,
especially toward the close of amino-compound polymeriza=-
tlon, adheslveness seemed to increase 1ln the substance,
Under this circumstance, smaller molecules were more
likely to expand and dissocilate while larger molecules
were provided with more numerous dissociation bonds.
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These two types of molecules were likely to undergo

chain exchange reaction, causing medium-size molecules

to be formed and their molecular weight to be concentrated
In such a manner as to contradict Flory's theory of
distribution, This phenomencn was clearly visible in the
processing of hexylamine coupounds.

The reaction of polymerized ester 1s typlcal of
condensation reactions, The process rate of its react-
lon has, however, elicited much discussion. On the basis
of practlcal results and dynamic inference, it was felt
that the reaction to simple ester activity seemed to
agree with the catalytic process of hydrogen ion, The
theory expounded by scholars that the binary acid
molecule was a catalytic agent in itself and that react-
lon to polymerized ester was but a reaction to double
molecular activity was not entirely borne out by the
facts., At the same time, the hypothesis that the energy
of reaction was not connected with isolated chailn
actlvity ~=- a baslic hypothesls for the analysis of
condensation dynamics -- was verifiled,

The structure of hydrogen ion reaction was de=-
nonstrated by studies on the dynamics of three-direction=-
al polymerized ester reactlon. The gel activity of three-
directional condensaticn reaction was again demonstrated
in practice as well as in theory.

In the case of lactams, the mechanism of reaction
was complicated because lactams are a cyclo-isolation.
The mechanlsm of 1ts reaction 1s being examined throughout
the world. Chinese scholars felt that in the open-
cycle condensation mechanism were included such processes
as polymer-adding activity, increasing condensation, and
the chain=exchange equilibrium reaction, It was believed
that the double-ion structure resulted from polymer-
adding activity and that the distributlion of molecular
welght was influenced by chain-exchange,

Also, the dynamlc aspect of the condensation react=
ion of dimethyldihydroxy-silico~paraffin was examined,

It was proved that a definlte ratio was maintailned
between an isolatlon and a douvble polymer and that

the latter was polymerized on the one hand while it was
converted into an isolation on the other,

Radioactive interchange. Statistical theory
on radloactive interchange has developed with the advance-
ment of radioactive interchange of high polymers.
Charlesby’s erroneous theory of solubllity was corrected
by Chinese scholars who demonstrated the solubility of
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radloactive Interchange products of high polymer such as
cthylene, etc,

The mechanism of the light sensitivity exchange
reactlon brought about by the effect of ultra=violet
rays on ethylene had never been examined before, After
some preliminary research, 1t was felt that there was a
linear relationship between the rate of interchange in
the light sensitivity exchange reaction and the logarithnm
of the time factor. This was probably due to the self-
filter photo effect of photochemical products. A new
path was opened for the selection of a photo~-stabilizing
agent of high polymer,

China's research on the mechanism and dynamics
of high polymer during the past 3-5 years nas been
sunmarized above., Though thils research was not heavy,
the results were satisfactory, We should henceforth
concentrate on newly discovered important reactions of
high polymer chemlcals of such as directlonal polymeriza-
tion, statle radloactivity, surface condensation, mechanl-
cal polymer grafting, radloactive interchange, aging
process, etc, In theory and in practice, this research
should be of a systematic, penetrating and exploratory
nature so that the mechanism of reactions may be clarif-
ied and the scope of their applications widened, Thus,
a method for the preparation of new-type high polymers may
also be created.

V. The Structure and Prdperties of High Polymers

Because of thelir superilor and varied physical-
mechanical properties, materials of high polymer gain in
an important manner significant lncrease in the scope of
thelr appllcabllity depends largely on the structure of
chemical compounds of high polymer., Therefore, studies
on thelr structure and properties and the relationship
between them have become the central theme in the
exaninatlion of chemical coumpounds of high polymer, These
studies have both theoretical and practical value and
importance, This research worz has begun in China,
and some contribution has been made to studies on end
edge range of high polymers, their sclubility, mole=
cular welight, etc.

Structure of High Polymers, High polymers

are characterized by long chain action, The short-range
and long~range structure of the chain and the structural
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behavior at the time of dollection should be examined.

Regarding short~range structure, the interior=-
exterlior double~bond and interior double-bond structure
of ethylene polymer and rubber molecules exercise an
Important Influence on the properiies of a polymer, In
connection wlth the polymerizatlon of butadiene, benzoyl
oxide was utilized to measure differences in the speed
of 1ts reaction on the interior=-exterior double~bond,
and lnfrared rays were employed to measure the ratio be-
tween the interior double-bond and the reversed
structure., Here, polymerized ethylene compounds played
an important role in directioned polymerization. With
the ald of infrared rays, the content of double-bonds
in various types of vinyl from polymerized vinylilte
chains was. exanined to observe changes in double-bonds
durlng interchange.

Regarding long-range structure, the fundamental
problem lay in the determination of the geometric struc=
ture of linear hlgh polymer chains, In calculating the
edge range /"mo-tuan chu-1127 of a hlgh polymer, scholars
in China advanced a hypothesls on the inner rotation of
carbon~carbon chains to derive a general formula for
equi-square end edge range and to establish the relatlon
between equisquare radius and equi~square end edge range.
It was also possible to compute the value of high polymer
isoprene at equl-square end edge range under high
temperature, But thls remained to be proved by further
testing., As_to laboratory evaluation of lnner rotation
/[Ttstan-shu'/, 1t was not necessary to depend on the
coupling method for computing the degree of polymerizat-
ion and the nature of the solvent.

As to structural orde,r research began with the
problem of ascertaining the degree of crystallizatlion in
partly crystallized polymers, Thus, thin films of
polymerized vinylite were measured with the aid of infra-
red rays to ascertaln the extent of its crystallization.
A working curve indicative of the relation between polynmer=-
ized vinyllte concentration and the degree of crystallie
zation was also obtained, Infrared blas rays were ‘
utilized to examine the direction of distribution in
crystallization area during the pulling period of vinyll-
te polyumerization, Also devices to measure expansion
were used to check the crystallization rate of natural
rubber, It was observed that under varying crystalliz-
ation temperatures and heating circumstances, there were
varying formulas to describe the formatlon of crystals
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and thelr development,

Soluble Properties of High Polymers. The form
of a polymer in solution is a major factor in the
determination of its solubllity. The effect of its form
on the viscosity of the solutlon is first indicated by
the development of side molecular chains. This side
chaln development was demonstrated during research through
the viscosliy behavior of flexible high polymer chains
In solution., For example, the dependence of viscosity
on the concentratlon in solution of polymerized ethyle
benzene rubber heated from 5C° to 5° was clearly evidence
of the side chain development of high polymers. This
was 1In contrast with the visible absence of such action
in the case of flctatlon-polymerized vinyl chloride.

Non=Newton flow was shown in solution in which
high polymers were adequately polymerized, thus contrlbut-
Ing to the understanding of the flexibility of high
polyner chalns, During research, the possibility of
reversion to Newton flow under low shearing speed should
be considered, The viscosity value of ethyl benzene
rubber in toluene solution under low temperature was
determined with certalnty. The osmosis of hish
polymer solution concentration and 1ts dependent nature
were generally shown in "wel-1i" form, the second "wel-
11" coefficlent depending on the molecular weight and the
Influence of diffusion, Regarding the influence of
solutlon diffusion on coefficlent, a preliminary conclus=
ion was reached by the methyl acrylate mixed grading method
and the duplicate grading method. The quantltative
measurenent of this dependent relatlonship of the nolecu=-
lar weight of the second "wel-1li" coefficlent remains to
be done,

Molecular Welght and Its Distribution, The
molecular weight of chemical compounds of high polymer
depends partly on their physical-mechanical properties
and partly on the process of polymerization and the
nature of the solution in which these chemlical compounds
of high polymer are formed., Thelr molecular weight is
not uniform. Because of the problem of molecular welght
distributlon, only a statistical average can be glven,

Basic methods for the measurement of molecular
welght of high polymers such as terminal chemical analysls
by mathematical average, elevation of bolling polnt,
reduction of freezing point, osmosis, re-average radlat-
ion, average viscosity, etc., have been lmproved upon
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from time to time since the manufacture of the necessary
apparatus was begun in China. In this respect, the
technique has already been mastered and ls being extended
to other fields of research. As to the super=speed
centrifugal and precipitation methods, preliminary work
has been started.

Although the absolute value of molecular:-weight
cannot be measured by the viscosity method, the simplicil-
ty of this method renders 1t easy to obtaln the relative
value of the molecular weight. In recent years this
method has been widely used., Formulas have been given for
the viscosity and molecular weight 08 methyl acrylate,
nethyl acrylate Palmitate? 50° and 5% polymerized sthyle
benzene rubber, "ting-p'i" rubber, hexylamine, etc.
Also, the molecular: welight of natural rubber and
nitrocellulose have been investlgated.

During the past few years, much has been achieved
in improving the technlque of measuring molecular
welght, Examples include Improvement in the terminal
analysis of amides, the development of osmosis meter
glass melting and crystallization, the Improvement of
radiation refraction tanks, and the designing of senl-
nlcro viscose dilution meters and viscosity gauges
equipped with lightproof, anti-oxidatlon and over-
filtration devices,

Regarding the distribution of molecular weight,
ethyl benzene rubber, natural rubber, vinyl chioride,
polymerized amides,etc., were studled and measured by
grading methods. By studying the mechanism of reactions
during polymerization, changes ir moliecular welght
distribution have been observed,

Physical and Mechanlca. Properties. The appli=-
cations of chemical compounds of high pclymer are determin-
ed by thelr physical-mechanical piropertlies == e, Z.,
the elasticity of rubber, the plasticity of plastics, the
strength and insulating power of machlnery, the textile
and tensile strength of flbers, etc, Some work has
been done 1in China,

The thermo-mechanical behavicr of high polymer
materials should first be examlned in the light of their
usefulness under a wide range of temperatiure, This
rule was applled to tests for increasing the plasticity
of organic glass and also in connection wlth the problem
of radiation and light sensitivity interchange of ethylene.
This work may yet be extended.

The viscosity-elasticity of high polymer materlals
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ls of primary importance among thelr mechanlcal propert-
les. The viscosity-elasticity of natural rubber was

glven a preliminary examination, and its flow characterise
tlecs were established to be non-Newton in type. The
crystalizing cause for the conversion of viscous flow

Into plastle flow was also observed, on the basis of which
the relationship between viscosity itself and the molecu=-
lar welght was established,

Also, increase in the plasticity of ethyl benzene
rubber through thermal oxldatlon was Ilnvestigated, The
relatlonships between solubility and the vulcaniaation
time of natural rubber and the solublility of "ting-p'i"
rubber after treatment with amino-salbs were studied,
too.

The dielectric property of natural rubber, the
transparency of organic glass, the double refraction pro=-
perty of fibers, etc., were also examilned.

Research done in Chine during recent years in
connection with the structure and properties of high poly=
mers has been mentioned above, The work was mainly con-
cerned wilth high polymer physics. Regarding this branch
of science, we nmust start from the beglnning, Only
through the development of this science can we acquire
deep understanding of the structure and properties of
high polyumers and the relationship between then,

VI. Future Prospects

High polymer chemlcal research was begun after Li-
beration. During the past decade, and especially the
last three years, much work has been done. Measured
by its scope and speed of growth, this accomplishment was
undoubtedly Important, It was, after all, an initial
stage mainly devoted to the study and mastery of modern
high polymer chemistry in order to establish a high poly=~
mer industry in China, Thus the foundation was laid for
the future development of high polymer chemistry in
China, It is a stage through which the development and
establishment of modern sclence in any country must
pass,

To relate these developments with the circumstances
prevailing in China and to develop China's potentialities
in the whole area of high polymer chemlstry, future re-
search worksi as in other branches of science, should
follow party's line for the conduct of sclentific resear=-
ch in the service of socialist reconstruction, This de=
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velopment 1s to come through close collaboration between
theory and practice and the adoption of the policy of
"walking on two legs."

In a nutshell, the basic task of high polymer
chemistry 1s the solution of probieus concerning the
synthesls of high polymer materials and thelr process-
ing and appllcatlon.¥* At this initlal stage in the
development of the high polymer chemical industry, the
synthesls, processing and application of "well~known"
high polymer materials should be studled, mastered, and
developed while the "unknown" high polymer materials
should be explored, opened up and developed., With this
In view, important scientific problems should be examin-
ed in relation to national needs and production practlices.
The concrete problems that are worthy of research have
already been discussed,

(1) To provide for the establishment and develop=-
ment of high polymer industry in China against a
sclentific and technological background, we have already
progressed at key points in the preparation of major
types of high polymer materlals that are belng produced
in quantity in the world, such as natural rubber,butyl
gynthetlec rubber, ethylene and vinyl plasties and resins,
reinforced piastics and lon-exchange resins, grass fibers,
and butyl-amides synthetic fibers. This research should
be conducted with greater intensity so that a systematie,
penetrating and overall research structure may be erect-
ed on the foundatlon that has been laid., It 1s important
that we should master and improve the chemical industrial
procedure for the preparation of isolated synthetics and
high polymer materials, Thelr quality should also be
controlled and elevated and new lines should be developed
at the same time with the development of new methods and

T Uuges,

(2) The processing and appllcation of materials
of high polymer employs a range of scilentific techniques.
Here lies the weakest link of research work in China., The
development of the Chinese high polymer industry will be
hindered unless this problem is recsolved immedlately.

# Reference: V. Akarrin, "Baslc Problems of High
Polymer Chemistry" (appearing March 1959 in a
report before the Eighth Congress of "Man-che-1i-
fu" Chemlcal Associatlon, translation appearin
in "Kao-fen-tzu T'ung-hsin" (High Polymer News),
Vol, 3, No 4, 1959, page 175,
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Regarding the vulcanlzation of rubber, the processing
and molding of plastlcs and the drawing and stretching of
chenlcal fibers, these techniques should be improved and
broadened on the exlsting foundation by comprehensively
absorbine modern methods and by conducting scilentific
research including research on processing equipment,

_ Concerning testing and inspection of the tech-
nical properties of high polymer materials, national
standards should be set up in China without delay. To
neet the requirements for the creation of new-type high
polymer materials, the problem of testing and inspect-
ing small-model trilal samples for processlng should be
studied and solved as soon as possible,

In a vast territory like Chlna covering tropi-
cel and frigid belts; it 1s especlally important that
the problem of aging in which the strudture and pro=
perties of high polymer materlals are altered under the
sustalned influence of heat, oxygen, lighit, radiation,
mechanlcal force and chemical and pharmaceutical agents,
should be examined with a view %to prolonging the life of
high poiymer materials and leading to the creatlon cf
aging=-resistant high polymer materials,

(3) To meet the demands of modern industry and
"peak" techniques, new-model high polymer materials
should be created with the object of increasing thelr
heat stablility without sacrificing thelr working
flexibility under the desired temperatures, their
mechanlcal properties, or theilr aging-resistant quallties.,
To fulfill this goal, we should start with 1solated and
high polymer chemlcal compounds by adopting new methods
of polymerlzation, property conversion and processing.
It is now known that some cyclochain high polymers
(benzene, alkyl anilines, etc.) and hetero-cycllc com-
pounds of high polymer (ester carbonate, arhydride, high
polymer fluorine, high polymer silicon, etc,) have
softening temperatures and dislintegration temperatures.
It is posslble under varying counditions to increase the
heat stabllity of isolated or high polymer chemical
coupounds by adopting directlouned polymerization, polyuer
grafting, radiation interchange, and pulling and stretch-
ing methods. The scope of application of high polymer
materials may be widened by close examinatlon of the
behavlor of high polymer chemical compounds under hilgh
temperature of through examlnation of thermo-chemical or
thermomechanlcal behavior when heat and oxygen coexlst,
Also, the problem of processing and moldlng heat-resistant

-
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high polymer materlals is even more worthy of examina-

tion, for otherwise these materilals would have no
applicatlions, Radiovactlve stabllity increases with the
lmprovement of the quality of high polymer materials --

a development so lmportant in relatlon to the peaceful

use of atomlc energy., This would lead to the application
of atomlc energy to high polymer chemlcal activity as

In radioactlve polymerization, grafting and conver-

sion of properties., Further development should be brought
about In China so that the two eras of high polymers and
atomic energy may truly be united.

(4) To create high polymer materials of specified
behavior is one of the basic tasks and objectives for the
development of high polymer chemistry. This should begiln
with entirely new isolated substances, In this connection,
the study of high polymer compouents will be most produst-
ive., Among the known facts are the high temperature-
resistance of high polymers contalining fluorine and the
tenmperature-Ilexible silica oxide chain high polymer,

From the latter chemical compound is evolved a high
temperature~resistant silicon-oxygen~-metallic chain high
polymer., The high temperature-resistance characteristics
of high polymers contalining phosphorus, boron and nit-
rogen have been clarified gradually. Other element which
predominate in high polymer chalns should be explored

on a large scale, The development of studles of the
elements in high polymer should be linked with the study
of inorganic high polymers., The structure and behavior
of the high polymer elements themselves present a new
problen,

It is entirely possible tc create synthetlc high
polywers by adding vinyl, which 1is capable of polymer=-
adding, or "kung-neng-t'uvan," which 1s capable of conden-
sation, to crganic materlals possessing special charact-
eristics (such as dyestuffs, drugs, luminous substances,
catalytlc agents, stabilizing agents, etc.;. The prospect
for developing a synthetic high polymer having semi-
conductive qualities 1s very promising. This is an en-
tirely new problem,

(5) In the basic tasks and the directions for
development given above are included problems of theory
such as the reaction mechanism in the formation and
dissoclation of a high polymer, the structure and behav-
lor of high polymers and the relatlonship between them,
etc, These studies are related to polymerization,
condensation, interchange and dissoclatlon reaction mecha-
nisus as well as the study of dynamics. Thus, improve=-
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ment of o0ld methods and discovery of new reactlions are
substantlally assured. The statistlcal theory of high
polymers, the thermodynamic propertles in solution and

the hydrodynamic behavior of high polymers, the ther-
modynamlic qualitles of cohesive high plymers and the
mechanical and dielectric properties of molecular struct-
ure -~ all these need to be examined and formulated. This
work 1s of speclal significance to the understanding of
high polymers that are regular in structure and bilologil-
cally active.

Any advancement 1n theoretical research 1s bound
to accelerate the development of high polymer chemistry.
At the same time, nelghboring or peripheral sclences
such as high polymer physics, high polymer physical
chemlstry, high polymer radiocactive chemlstry and high
polymer blochemistry will respond to the general develop=-
nent of high polymer sclence,

In short, the future development of high polymer
chemistry in China has unlimited promilse,

1198 END
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