
P re fa c e ............................................................................................... i

I .  Carbon B l a c k ......................................................................... 1-^6

(1 )  G eneral S i tu a t io n ....................................................... 1
(2 )  E nterprises and the  B r a n d s .................................  1
(3 )  Raw  M aterials and M anufacturing Processes . 2
(4 ) Supply-D em and S ituation  and

Im port & E x p o r t ...............................................  4
(5 )  F u tu re  P r o s p e c t ....................................................... 5

II . Organic Rubber C hem icals............................................. 7-^12

(1 )  G eneral S i tu a t io n ....................................................... 7
(2 )  K inds of Products and Principal E nterprises . 7
(3 )  Demand and Supply & F u tu re  Prospects . . .  10

III . F ib e r s ............................................................................. 13--22

(1 )  G eneral S i tu a t io n .....................................................13
(2 )  K inds of Chem ical F ibers and M ain Enterprises 14

(3 )  P roductive Capacity of Facilities and
M ethods of P ro d u c t io n .................................15

(4 ) Demand and S u p p l y ............................................ 19
(5 ) F u tu re  P r o s p e c t s .................................................... 22

IV . Reclaimed R u b b e r ....................................................23 ^^26

(1 )  G eneral S i tu a t io n .................................................... 23
(2 )  M anufacturing P r o c e s s e s ................................... 24
(3 )  T h e  K inds and C la s s i f ic a t io n ...........................25



Preface

This booklet has been compiJed fo r the  occasion of the opening in 
Japan of th e  17th General M eeting of th e  In ternational Rubber Study 
Group in May 1964, with the  object of helping those who will a ttend  the 
General Meeting: from  maiiy countries of th e  world all the  m ore to  deepen 
th e ir  recognition of the  rubber industry  in Japan.

In keeping with th e  development of Japanese economy, th e  rubber 
industry  in recent years has shown such a rem arkable grow th th a t, as 
i t  m ay already be known, Japan  a t  the p resen t tim e ranks second among 
th e  free  nations of the  world in the  output of rubber goods. This devel­
opm ent has been possible not only by th e  own m erits of th e  Japanese 
rubber industry , but also by the  grow th and development of industries 
correlative to  the  rubber industry , such as those of carbon black, organic 
rubber chemicals, fibers fo r rubber, reclaimed rubber, and the  like.

Japan ’s rubber industry  itse lf will be taken up fo r reports and dis­
cussions a t the  P lenary Session, a num ber of comm ittees, symposia, and 
o ther in terchanges of views a t  th e  General M eeting. This booklet, th ere ­
fore, is m eant fo r the  elucidation of the  present and th e  fu tu re  of the  
correlative industries which have played, and will play an im portant and 
indispensable role in the  favorable development of the  rubber industry  
in Japan.

For carbon black, the  principal subsidiary m aterial fo r rubber prod­
ucts, Japan  has alm ost relied upon its im ports. The supplying capacity 
of the  m anufacturers, however, has been so much expanded, and the 
quality of carbon black has been so much improved, th a t  they  are, a t  
the  present time, able to  stand for exporting the  products. In organic 
rubber chemicals, except fo r special item s, Japan  today has alm ost 
a tta ined  self-sufficiency. A t the  same tim e, development of originally 
Japanese products is being undertaken.

Japanese fiber industry  has always stood high in public evaluation 
all over the world. The excellent quality  of the  products, including tire- 
cords, has raised the  position of the  Japanese rubber industry  in a  world­
wide sense. By developing an original m anufacturing  m ethod, Japan is



enabled to supply chcap anil superior reclaimed rubber, and has raised 
her competitive position in rubber goods.

Detailed descriptions of these m atte rs  are  contained in th is  booklet. 
In collecting and presenting all these m aterials in th is  form , we wish 
th is  booklet would be in any way useful fo r the  promotion of the  accurate 
understanding of th e  industries correlative to  the  rubber industry  in 
Japan, and for the  development of rubber industries and th e ir  correlative 
industries of the  countries concerned.

May 1964.



I. Carbon Black

(1) General Situation

Japan  did not carry  out any domestic production of the  carbon black 
before World W ar II w ith its entire  demand being m et by an im portation 
from  th e  United S tates, though, aa early as in 1930’s the  Teikoku Oil 
Company had produced the  channel black in Form osa and the  Nippon 
Chisso Company the  acetylene black in Korea.

Since im m ediately a fte r  the  war, Japan ’s production had centered 
on the acetylene black fo r the rubber production and color m aking. Com­
m encement of m arketing  of the oil furnace black, produced by the  Tokai 
Pilectrode Mfg. Co., Ltd. in 1950, provided an  im petus fo r development 
in succession of various m anufacturing techniques fo r the  furnace black, 
thus  m aking Japan  the  world’s only country who was able to produce 
the  furnace black of high quality w ithout introducing its m anufacturing 
technique from  the  United S tates. However, even then, Japan  found 
herself still compelled to im port a  sizable quan tity  of the  furnace black 
to fill up the  half of its domestic demand.

Since 1959, w ith domestic demand rapidly increasing, new enter­
prises concluded the  technical agreem ents with the  companies in the 
United S ta tes and s ta rted  th e  carbon black production. The existing 
m anufacturers, on th e ir  pa rt, also raised th e ir production capacity 
through an introduction of foreign techniques and improving the  m anu­
fac tu ring  processes. Japan ’s production capacity of the  carbon black, 
thus, has a tta ined  a considerable increase and consequently Japan  became 
self-sustaining nation in m eeting all her domestic demand. In 1963, 
Jap an ’s annual production capacity rose to 130,000 odd tons, fa r  su r­
passing the  83,000-ton domestic demand, m aking it possible fo r Japan 
to  become an exporter of fairly  large quan tity  of the  product.

(2 ) E n terprises and the Brands

A t present, 10 Japanese m anufacturers engage in the  carbon black 
production in 12 factories. Out of th e  four companies operating under 
th e  technical agreem ents w ith the  foreign companies, the  Tokai Electrode 
Mfg. Co., Ltd., M itsubishi Chemical Industries L td. and Showa Denko



are  all producers of several chemicals, mcluding th e  carbon black, while 
th e  rem aining one, Toyo Continental Carbon Ltd., is also an organization 
evenly invested by both Toyo Koatsu Company and Continental Carbon 
Company of the  United States.

Asahi Carbon Mfg. Co., Ltd., H okutan Carbon Co., L td. and Gastone 
Kasei Co., Ltd,, ail producing the  carbon black w ith own-developed tech­
niques, a re  th e  subsidiaries of an automobile tire  m anufacturing  com­
pany, a  coal m ining company and a chemical industry  company, respec­
tively. The o ther companies, Denkikagaku Kogyo K.K., M itsui Chemical 
Industria l Co., L td. and N itte tsu  Chemical Industry  Co., L td. a re  the  
enterprises also tu rn ing  out o ther products w ith  high percentages. As 
such, Japanese carbon black m anufacturing  enterprises are  constituted 
e ither w ith  the  large business undertakings or w ith th e  companies closely 
affiliated w ith  such large undertakings. Presently  these companies pro­
duce various kinds of the  carbon black as shown on the  Table 1 with 
the  num ber of the ir brands reaching over 40.

(3) Raw M aterials and M anufacturing Processes

The raw  m aterials used in the  m anufacturing  of the  carbon black 
in Japan  a re  m ainly th e  oil of the  coal ta r  origin, particularly  th e  creo­
sote oil, since th e  coal ta r  oil contains in larger quantity , as compared 
w ith petroleum , the  arom atic oil which has high yields of the  carbon 
black. B ut if and when less expensive, and high quality, petroleum  be­
come available in fu tu re , such m aterial situation m ay undergo different 
picture.

I t  is w orthy of note th a t  the  carbon black produced in Japan  from
either the  coal ta r  oil or the  petroleum differs very little  in quality,
thanks to  superb Japanese m anufacturing techniques.

The coal ta r  oil stands high among the  raw  m aterials in producing 
the  so-called furnace blacks such as ISAF, HAF, F F , F E F , GPF, SKF, 
etc. Only A sahi Carbon Mfg. Co., Ltd. and Toyo Continental Carbon Ltd. 
utilize the  petroleum  as the raw  m ateria l fo r the production. As for the  
F T  class product, one company uses the na tu ra l gas and the  o ther the 
gas from  the  coke ovens, as the  raw  m aterials. The acetylene black is 
made from  the  acetylene gas from  the  carbide. All channel blacks also 
use the  coal ta r  oil as the  raw  m aterial.



Use Kind M anufacturer Brand* Location of Factory

R ubber

ISA F

T okai E lectrode
M itsubishi Chemical
Show a Denko
T o y o  Continental 

Carbon

Seast I Seast 6 (Vulcan 6) 
Daiablack I (Statex 125) 
Shoblack I (Philblack I) 
C ontinex IS A F  (Same)

W akam alsu, Chita 
K urosaki, Yokkaichi 
Ichihara 
Y okoshiba

H A F

T okai Electrode

M itsubishi Chemical
Show a Denko
N ittetsu  Chemical
T o y o  Continental 

C arbon

T okai E lectrode 

M itsubishi Chemical

Seast H . 305 
Seast 3 (Vulcan 3)
Daiablack H  (S ta tex  R)
Shoblack O  (Philblack O)
Niteron 200
C ontinex H A F  (Same)

W akam atsu, Chita

K urosaki. Yokkaichi
Ichihara
Tobata
Yokoshiba

Low
MofJulus
(ISA F,
H A F)

Seagal 600 (Regal 600)
// ;«X) ( // 3t)0)

Daiablack L I (N eotex 100) 
// LM ( // 130)

W akam atsu, Chita 

K urosaki, Yokkaichi

Hifih
Structure
(ISA F,
H A F)

M itsubishi Chemical 

Tokai Electrode

Daiablack SI (S tatex 125H ) 
S H ( RH)

Seast 6H  (Vulcan fiH)
/■/ 3H  ( // 3H)

K urosaki, Yokkaichi 

W akam atsu, Chita

F F M itsubishi Chemical 
T okai E lectrode

Daiablack F F  (Statex B) 
Seast 99 (Stealing 99)

K urosaki, Yokkaichi 
W akam atsu, Chita

FF.F
(M A F)

Tokai Electro(ie 
Asahi C arbon 
H okutan  C arbon 
Dcnki Kagaku 
N ittetsu Chemical

Seast 11(5 SO 
60, 60L Clow m odulus^ 
100, HO 
2000
N iteron 10

W akam atsu, Chila
N iigata
Shinhoronai
Om uta
Tobata

G P F Asahi C arbon 
H okutan  C arbon

55
G

Niigata
Shinhoronai

SR F A sahi C arbon 
H okutan C arbon

50, 35 Clow modulus]) 
S

Niigata
Shinhoronai

F T Mitsui Chemical 
Gastone Kasei

M iike C arbon 20 
Gastone

Om uta
Niigata

D ry  Cell Acyety-
lene

D enki Kagaku Acyetelene black O m uta

Pigm ent 
Ink  Paint 
O thers

G eneral
G rade

M itsubishi Chemical 
N ittetsu  Chemical

100
N-115

K urosaki
Tobata

H igh
G rade N ittetsu  Chemical N ipel 100, S Tobata

* Fore ign  brand  of the sam e product th at producer has technical tieups w ith Japanese 
m anuiacturer w ritten  in  the parenthesis.



The supply and demand fo r the  carbon black in Japan  is undergoing 
a rem arkable change of late  as seen on th e  Table 2 and F igure 1, th a t  is 
to say, Japan, which had been an im porter of the  carbon black fo r a  long 
time, is now em erged as a self-sustaining country in th e  production a fte r  
successfully establishing a m odern mass production system , and fu rth e r­
more she has superfluous capability to  export it.

T a b le  2 S u p p ly -D em an d  S itu a t io n  o f th e  C a rb o n  B lack  in  J a p a n

Result Future Prospect

1955 1960 1961 1962 1963 1964 1965 1%7

Production 7. 870 24,990 42,609 66,690 73,445 96, 015 113, 474 151,296
Supply Import 8,411 21, 780 20, 941 9, 913 3,965 2,900 2,000 2,000

Total 16,281 46, 770 63.550 76,603 77, 410 98, 915 115, 474 153, 296

Demand
Domestic
demand 16, 768 47, 171 60, 913 68,872 77,520 88,915 100, 474 128,296

Export 10 491 567 3, 513 5,490 10.000 15,000 25.000
Total 16, 778 47. 662 61,481 72, 385 83,010 98,915 115, 474 153,296

Sources: Production and domestic demand figures from The Ministry of International 
Trade and Industry; Import and Export figures from Finance Ministry.

N ote: Figures for 1964 and after are business circle’s estimate.

F ig u re  1 S up p ly -D em an d  S itu a t io n  o f th e  C arb o n  B lack  in  J a p a n

The figure indicates up until 1960, Japan’s demand fo r the  carbon 
black had been heavily dependent on the  im port bu t since then the  im­
portation has drastically reduced w ith an introduction of foreign m anu-



fac tu ring  techniques and m odernization of equipm ent. I t  also indicates, 
since im m ediately a fte r  1960, Japan  has become an exporter of the 
carbon black to such countries as th e  Soviet Union and o thers in Asia, 
N orth  and South America.

In 1963, Japan  exported the  carbon black to  the  Soviet Union, Hong 
Kong, th e  United S tates, Thailand, P^ormosa, Korea, India, Singapore, the 
Philippines, Burm a, People’s Republic of China, V ietnam , Cambodia, 
Indonesia, M alaya, Brazil, and o ther countries.

Jap an ’s annual carbon black production capacity today stands a t 
134,000-ton m ark  finding it one of th e  free  world’s m ajor producing 
nations following the  United S tates and Britain. Japan  also ranks second 
in th e  world in consumption of the  new rubber by surpassing th e  Britain. 
Taking into account her growing export, however m oderate in degree, 
of th e  carbon black, it  is presumed, Japan ’s production will become the 
world’s second in the  near fu tu re .

The percentage-wise break down of th e  use of carbon black in Japan 
(approx. 95% of which being used fo r the  rubber products) is as follows:

C o n su m p tio n  o f th e  C a rb o n  B lack  in  J a p a n  (1963)

F o r autom obile tires 71.
F o r o ther rubber products 23. 3 ^

(Total for ru b b e r products) (94. 6^ )

F o r C olor use 5.

Grand total 100.

The compound ra te  of th e  carbon black is the  h ighest in the  field 
of autom oible tire  m anufacturing, and in 1964, it  is thought, the  carbon 
black’s ra tio  in the  sam e m anufacturing  will m ark as high as 42% against 
the  new rubber. In addition, the  general compound ra te  of the  carbon 
black in the  p resen t Japanese rubber industry  is about 25%.

(5) F u tu re  Prospect

The fu tu re  production of the  carbon black will be g rea tly  influenced 
by th e  m aterials to  be used in m anufacturing  the  rubber products, espe­
cially of the  synthetic  rubber which uses the  carbon black w ith a  high 
percentage.



In Japan, th e  consumption of th e  synthetic  rubber centering on SBR 
is on a  yearly rise  recording 127,500 tons in 1963 or 40% of th e  new 
rubber consumption. I t  is assum ed such rising  tendency will continue 
for some tim e to come and accordingly, demand fo r the  carbon black 
will become larger.

The recent worldwide tendency of seeking a development and usable­
ness of new synthetic  rubber necessitate Japan  to  develop new carbon 
black in m eeting such challenge. As such, Japan, on her p a rt  will en­
deavor to  raise  the  p resent production of the carbon black and, a t  the 
sam e tim e, will seek a development of the  new carbon black to  cope w ith 
such world’s trend.

As fo r th e  stereo rubber (PRR) (the  production of which Japan  is 
to  in itia te  a t  th e  end of th is  year) th e  United S tates, as a  consequence 
of experim ental use of such rubber, is said to  have found th a t  th e  carbon 
black of high s tru c tu re  is m ost useful in kneading as well as in m ixing 
th e  rubber. As fo r Japan, she has already successfully developed a tech­
nique fo r such carbon black production.

As has been m entioned earlier th e  present capacity in th e  Japanese 
carbon black m anufacturing  facilities is enabling Japan  to  export the  
products in relatively large quan tity  to other countries while m eeting 
all the  necessary domestic demand. Furtherm ore, w ith  th e  completion 
of scheduled m ass production system , Japan  will be able to  supply the  
products in larger quan tity  to m ore w ider overseas areas. Japan ’s export 
ta rg e t of the  products during th e  1964 fiscal year is se t a t  10,000 tons.



II. Organic Rubber Chemicals

(1) General Situation

Organic rubber chemicals were successfully m anufactured in Japan 
for the  first tim e in 1981. In keeping w ith the  development of th e  Japa­
nese rubber industry , the ir production, since then, has gradually increased 
up to  the  present tim e. Upon looking back, we see th a t, owing to the 
suspension of the  im portation of rubber chemicals and a rapid increase 
in demand fo r dom estic products during th e  w ar, facilities for their 
m anufacture  were expanded and the ir quality improved, and th a t, in th is  
way, the foundation of today’s rubber chemical industry  was laid. Sub­
sequent to th e  w ar, both domestic demand and exports of rubber prod­
ucts were increased, and side by side therew ith , the production of organic 
rubber chemicals grew  by strides, so th a t  th e  g rea te r p a rt of domestic 
demand was m et by products of home make.

A t the  present time, as m any as fifty different kinds of rubber chemi­
cals are  produced in Japan, including vulcanization accelerators, antioxi­
dants, vulcanizing agents, and o ther organic rubber chemicals.

(2 ) Kinds of Products and Principal Enterprises

There are  seven following organic rubber chemical enterprises in 
J a p a n :

D ait5 Chemical Co., Ltd.
Kawaguchi Chemical Industrial Co., Ltd.
Koei Chemical Industria l Co., Ltd.
ouchi Shinko Chemical Industrial Co., Ltd.
Sanshin Chemical Industria l Co., Ltd.
Seiko Chemical Co., L td.
Sumitomo Chemical Industrial Co., Ltd.

Except for the  Sumitomo Chemical Industria l Co., L td., they  are 
m ostly medium and small enterprises. The breakdown by item  of the 
1963 output of organic rubbber chemicals is given in Table 1.



A nnual O utput 
(in tons)

Vulcanization accelerators

A ldehyde-am m onia (AC. A A ) Acetaldehyde-am m onia 
type

(H )  H exam ethylene tetram ine 
(H exa)

(K )  Acetaldelyde-aniline 
reaction product 

{ 8 ) Butyraldehyde-aniline 
reaction production

G uanidine type (D )  D iphenylguanidine (D PG )

Aldehyde-am ine
type

(D T ) D iorthotolylguanidine
(DC)TG)

(BG) o-Tolylbiguanide 
(PR ) D O T G  Salt of dicatechol 

borate

Thiazole type (M ) 2-M ercaptobenzotbiazole
(M B T)

(D M ) Dibenzothiazyl disulfide 
(D B TD S)

(M E) Zn-Salt of
m ercaptobenzothiazole

(CZ) N-Cyclohexylbenzothiazole 
sulfenam ide

(M SA ) N-Oxydiethylenebenzothiu- 
zole sulfenam ide

(64) N , N '-D iethylthiocarbam oyl- 
benzothiazole sulfenam ide

(H M ) C yclohexylam ine salt of 
2 -mercaptobenzothiazole

Im idazoline type (22) Z, Z' (2-M ercaptoim idezoline)

T hiuram  type

Dithiocarbam ate

(T S) Tetram ethylth iuram  
monosulfide

(T T ) T etram ethylth iuram  disulfide 348

I^ipentem ethylenethiuram  20 
\TP  /  tetrasulfide

( P )  P ip ^ o lin e  pipecolyl dithiocar­
bamate

4 O uchi Shinko

10 Ouchi Sinko 
Sum itom o Chemical

4 O uchi Sinko

22 O uchi Shinko

544 O uchi Shinko 
Sum itom o Chemical 
Sanshin Chemical

17 Ouchi Shinko

12 Ouchi Shinko
1 Ouchi Shinko

1,325 O uchi Shinko

Sum itom o Chemical
Sanshin Chemical 
Kaw aguchi Chemical 
D aito Chemical

1,575 O uchi Shinko 
D aito  Chemical 
Sum itom o Chemical 
Kawaguchi Chemical 
Sanshin Chemical

56 O uchi Shinko 
Sum itom o Chemical

707 O uchi Shinko 
Sum itom o Chemical 
K aw aguchi Chemical 
Sanshin Chemical

128 O uchi Shinko 
Kawaguchi Chemical

0 O uchi Shinko

2 Sanshin Chemical

66 O uchi Shinko 
Sum itom o Chemical 
Kawaguchi Chemical

49 O uchi Shinko 
Sanshin Chemical 
K awaguchi Chemical

348 O uchi Shinko 
Sanshin Chemical 
Sum itom o Chemical 
Kawaguchi Chemical

20 O uchi Shinko 
Koei Chemical

4 O uchi Shinko



M ixed type

T otal

2. A ntioxidants

Aldehyde-am ine
type

A ry l secondary 
A m ine type

Phenol type

M ixed type

O th e r type

T otal

(PZ) Zn-Dimethyl dithiocarbam ate 14 O uchi Shinko 
Kaw aguchi Chemical

(EZ) Zn-Diethyl dithiocarbam ate 126 O uchi Shinko 
K aw aguchi Chemical 
Sum itom o Chemical

(PX ) Zn-Ethylphenyl dithiocar­ 52 O uchi Shinko
bamate Sum itom o Chemical 

K aw aguchi Chemical 
Sanshin Chemical

(F) D B T D S + H e x a + D P G 131 O uchi Shinko 
Sum itom o Chemical 
K aw aguchi Chemical 
Sanshin Chemical

(MX-1) M B T + H e x a 14 Sanshin Chemical

( m I s)  D B T D S + H ex a 28 Sanshin Chemical

5,259

(A C ) A ldol-l-naphthylam ine 382 O uchi Shinko 
Kawaguchi Chemical

^224\ Polym erized trim ethydihydro- 146 O uchi Shinko
\R D / quinoline Sum itom o Chemical 

Seiko Chemical
(A W ) Ethoxy-trim ethyldihydro- 259 O uchi Shinko

quinoline 259 Seiko Chemical
(BA) D iphenylam ine-acetone 190 O uchi Shinko

reaction product Seiko Chemical
(PA ) Phenyl-l-naphthylam ie (PA N ) 80 O uchi Shinko
(D )  Phenyl-2-naphthylam ine 1, 196 O uchi Shinko

(PBN ) Sum itom o Chemical
Koei Chemical 
Kaw aguchi Chemical 
Seiko Chemical

( F  ) D inaphthyl-p-phenylenedia- 11 Sum itom o Chemical
mine (D N PD ) Seiko Chemical

(H ) D iphenyl-p-phenylenediam ine 112 Seiko Chemical
(D P PD )

(810-NA) Isopropyl-phenyl-p- 444 O uchi Sinko
phenylenediam ine (PP PD ) Seiko Chemical

Sum itom o Chemical

( b H t )  ^^'^'Jtyl-p-cresol 141 O uchi Shinko 
Seiko Chemical

(SP) S tyrenated phenol 695 O uchi Shinko
Sum itom o Chemical 
K aw aguchi Chemical 
Seiko Chemical

(W ) D ihydroxy-diphenylcyclohexane 25 Sum itom o Chemical
(alba) D ibutyl hydroquinone 17 Seiko Chemical
(M B) 2-M ercaptobenzimidazole 86 Ouchi Shinko

Sum itom o Chemical
/H P \ 282 Ouchi Shinko(p  j  D P PD  PB N Seiko Chemical 

Sum itom o Chemical
D P P D  D N PD  PB N 30 Seiko Chemical

(N B C ) N i-dibutyl dithiocabam ate 10 Kawaguchi Chemical
Special W ax  1,,068 O uchi Shinko

Seiko Chemical
5,174

(C o n tin u e d  on  n e x t  p a g e )-



Vulcomizing agents /Q  \ Quinove dioxime 28 O uchi Shinko
Kaw aguchi Chemical

/ D Q  \  Dibenyoyl quinone dioxim e 38 O uchi Shinko
I d g h ^ K awaguchi Chemical
(R) M orpholine disulfide 5 Kawaguchi Cnemical

Scorch re tarder N-Nitros<xiiphenylamine 57 O uchi Shinko
Peptizers (SS) Dibenyam idodiphenyl disulfide 49 O uchi Shinko

(S2) Zn-Benzam idothiophenate 33 O uchi Shinko
Total 210

G rand T otal 10,643

Source : S ta tistics; T h e  M inistry of International T rad e  and Industry.

(3) Demand and Supply and F u tu re  Prospects

The production of organic rubber chemicals in Japan  up to about 
1959 had na tu ra l rubber in view, and the  ra tio  of production between 
vulcanization accelerators and antioxidants was approxim ately six to four. 
A t th e  same tim e, the  varie ty  of producta as compared w ith th a t  of today 
was smaller. As th e  domestic production of synthetic rubbers, however, 
was well launched about 1960, the production of organic rubber chemicals 
for syn thetic  rubbers also was s ta r te d ; the  produced item s and their 
ou tput were rapidly increased, and vulcanization accelerators and an ti­
oxidants became alm ost equal in th e ir output. In 1963, organic rubber 
chemicals produced a t home am ounted approxim ately to  10,000 tons, while 
th e  small quan tity  of approxim ately 200 tons (2% o f the  to ta l output) 
was im ported. Domestic demand may be said to  have been m et alm ost 
by home products. (See Table 2.)

On th e  o ther hand, th e  excellent quality of Japanese organic rubber 
chemicals has a ttrac ted  a tten tion  abroad, and has, particu larly  in recent 
years, stim ulated  orders from  foreign countries fo r exports. Since 1961 
nearly  5% of the  domestfc production has been exported. (See Table 3.) 
A sharp  rise in demand from  Communist bloc countries has opened up 
a b righ t future  fo r the  exportation of th e  products, and th e  industry  
concerned has se t the  goal a t  exporting 1,500 tons (10% of the  total 
ou tput) during 1964. Thus the organic rubber chemical industry  is estab­
lishing itse lf as an export industry.

The headway m ade in recent years by syn thetic  rubbers has opened 
up new fields of demand fo r rubber chemicals as well as the ir utilization 
ratio . A t th e  same tim e, new types of organic rubber chemicals have 
been developed fo r th e  production and processing of plastics, or fo r the



Table 2. Demand and Supply of Organic Rubber Chemicals
(in T ons)

Y ear Classification
Supply Dem and

O utput Im ports Consum ption Exports

Vulcanization Accelerators 1, 254 1, 254
Antioxiclants 840 793

1955 Vulcanizing A gents 4 4
O thers 55 52

T otal 2,153 68.2 2,103 25.8

Vulcanization A ccelerators 3,501 3.260
A ntioxidants 2.536 2, 248

1% 0 Vulcanizing A gents 64 58
O thers 379 381

Total 6, 480 441.7 5, 947 89 .7

Vulcanization A ccelerators 4, 353 3,983
Antioxiclants 3,399 3,202

1961 Vulcanizing A gents 85 73
O thers 755 752

Total 8, 592 294.6 8, 010 403.8

Vulcanization A ccelerators 4, 879 4, 402 213.1
A ntioxidants 4,126 3,613 116.2

1962 Vulcanizing A gents 57 51
O thers 966 979

T otal 10,058 164.3 9, 045 329.3

Vulcanization Accelerators 5. 257 30. 1 4, 541 645. 1
A ntioxidants 4,153 169.7 3. 936 96.9

1963 Vulcanizing A gents 72 63
O thers 1, 207 1, 200

'I'otal 10, 689 198.8 9, 740 742.0

Source: Statistics; M inistry  of Finance.

Export

Table 3. Export and Import of Organic Rubber Chemicals
(in T ons)

1955 1960 1961 1962 1963

Taiw an 3 .4 59.2 77.6 61.1 42.8

R yukyu Islands 0 .8 1.3 2 .5 2 .0 1.2

Philippines 4 .4 11.8 48.8 44 .3

H ong K ong 10.6 0 .3 14.1 38.4

Korea 95.1 44. 3 100.1

A ustralia 10.0 1.5 5 .0

A rgentine 5 .4 2 .0

U nited States 137.3 1.3 16.4

U. S. S. R. 80 ,0 263.0

O thers 6 .2 14.2 78.7 77,7 228.8

T otal 25.8 89.7 403.8 329.3 742.0

(Continued on next page)-



1955 1960 1961 1962 1963

Great Britain 2.4 36.0 13.8 0.9 0.2
West Germany 35.6 84.5 106.9 2.8 2.1
United States 30.2 321.2 173.9 160.6 197.5

Total 68.2 441.7 294.6 164.3 199.8

Source: Statistics; Ministry of Finance.

mixed uses of plastics and rubbers. The new products are cross-linking 
agents, such as chemicals like organic peroxide; the  deterioration retard- 
ers including non-staining type re ta rd e r which is as effective as th e  sta in­
ing one, and the  like. I t  is expected th a t  th e  production of these new 
types of organic rubber chemicals, together w ith the  ex isting  ones, will 
g rea tly  increase in the  fu tu re .



HI- Fibers

(1) General Situation

In recent years, fibers have not only been consumed in  larger quan tity  
all over th e  world, b u t also have greatly  developed th e ir quality.

The concrete m anifestation  of th is is visible in th e  development of 
chemical fibers. D uring th e  past ten years, a series of new chemical fibers 
suitable fo r various uses have made th e ir appearance. Y ear a fte r  year, 
therefore, these fibers have increased the ir im portance in all kinds of 
fibers. A t present, chemical fibers represent only 25% of the  to tal output 
of fibers. N aturally , th e ir  fu rth e r  developments in the  fu tu re  are  an­
ticipated.

F igures showing th e  consumption of fibers in Japan  are  given in 
Table 1, reflecting an increase of approxim ately 50%, from  887,000 tons 
in 1955 to  1,318,000 tons in 1963. N atural fibers reached a peak in 1961, 
followed by a  gradual downward trend. Their increase between 1955 
and 1963 was only 127,000 tons, while th a t  of chemical fibers during the 
same period was 305,000 tons. Most conspicuous was the  increase in

Table 1. Changes in Demand on Fibers
(Yarns in Tons)

—  .,  Colum 
Item — __ 1955 1960 1961 1962 1963

Natural Fibers
Cotton Yam 397. 984 523,211 533, 225 497, 243 487,300
Others 192.488 212,714 214, 792 226, 994 229, 367
Total 590, 472 735,925 748, 017 724, 237 716,667

Chemical Filler
Rayon Yarn 88, 866 127, 691 121, 543 125, 503 114, 245
Synthetic Yam (C) 18,589 140, 246 169,588 204, 769 281,084
Others 188,867 225, 551 218, 381 208,176 205, 580
Total (B) 296,331 493, 488 509, 512 538, 448 600,909

Grand Total (A) 886,803 1, 229,413 1, 257, 529 1, 262, 685 1, 317,576
B/A (96) 33.4 40.1 40,5 42.6 45.6
C/A  (96) 2.0 11.4 13.4 16.2 21.3

Source: Statistics; The Ministry of International Trade and Industry.
N ote; The colum of 1963 shows the figures in the fiscal year, so, these figures mean 

some estimated ones.



Synthetic fibers, which in 1055 occupied only 2% of all the  fibers, 
made such rapid strides th a t  the  percentage in 1963 was as high as 21. 
Causes g rea tly  contributory  to th is  advancem ent of synthetic  fibers are 
various, namely, th e ir  excellent qualities, rapid  increase in demand as 
m aterials fo r clothing, due to  the  superior quality of itself, th e  recent 
progress of processing techniques, and successive discovery of th e ir  uses 
for industries such as fishing, belts, tirecords, and the  like.

I t is hardly necessary to  rem ark th a t  cotton, wool, as well as hemp, 
are na tu ra l products, th e  production of which natu rally  depends heavily 
upon clim atic conditions. Consequently, th e ir prices are  always subject 
to  fluctuations.

On the  o ther hand, chemical fibers are  products of large-scale equip­
m ent industries, fit fo r m ass production according to plans. Hence their 
ap titude as industrial m aterials.

The quan tity  of fibers supplied to  Japanese industries am ounted in 
1955 to 55.000 tons, and in 1963 to 109,000 tons, or alm ost twice as 
m any. The quan tity  of na tu ra l fibers, of which cotton is th e  m ain  item, 
being nearly  the  sam e fo r both years, th e  increase was entirely  due to 
th a t  in chemical fibei’s.

In view of th is  rapid change, from  na tu ra l to chemical fibers, in the 
use of fibers fo r industrial purposes, especially in the  principal fibers 
used for rubber products, which are  now m ostly chemical fibers, m ention 
will be made in th e  following of the  chemical fibers connected w ith the  
rubber industry.

(2) Kinds of Chemical F ibers and Main E nterprises

The chemical fibers produced in large quantities in Japan  a t  the  
present tim e are  rayon, th e  synthetic  fibers of polyamide (nylon) and 
polyvinyl (vinylon), th e  polyester fiber (polyester), and the  polyacrylic 
fiber (acrylic). The polypropylene ftber (polypropylene) is also expected 
as the  fiber of tomorrow. The polyurethane fiber (spandex), which has 
been suitable fo r the field of rubber yarn , has already been taken up for 
prodv\ction. (See Table 2; Kinds of Chemical F ibers.)



Table 2. Kinds of Chemical Fibers

-M eta llic  F ib re
I—Inorganic F ib re  —

Chemical
F ibre

I—Glass F ibre

—R egenerated F ib re  —Cellulose —
I—Rayon (Viscose Rayon)
—C upram m onium  C upram m onium  (Rayon)

—Sem i-synthetic F ib re—Cellulose —Acetate

—Synthetic F ib re  —

-Polyam ide
-Polyvinyl A lcohol fibre 
-Polyvinylidene C hloride fibre 
-Polyviuyl C hloride fibre 
-Polyester fibre 
-Polyacrj’lonitrile fibre 
-Polyethylene fibre 
-Polypropylene fibre 
-Polyurethane fibre

-N ylon 6
-V inylon
-Vinylidene
-Polyvinyl C hloride
-Polyester
-Acrilic
-Polyethylene
-Polypropylene
-Spandex

The leading enterprises in Japan  a t present num ber th ree  fo r high 
tenacity  viscose rayon, six for nylon, th ree  fo r vinylon, five for polyester, 
six fo r acrylic, and seven for polypropylene. (See Table 3.)

(3) Productive Capacity of Facilities and M ethods of Production

The productive capacity of the  facilities fo r high tenacity  viscose 
rayon had rapidly been expanded until 1961, when i t  exceeded 100 tons 
per day. In 1963, however, the  daily output showed a decrease to  83 
tons. On the  o ther hand, thanks partly  to an increase in item s, facilities 
fo r synthetic  fibers were expanded between 1955 and 1963 to  be ten  tim es 
as large. (See Table 4.) The daily output increased w ith g rea t strides 
from  76 tons in 1955 to 764 tons in 1963. The increase of nylon was 
from  36 to 241 tons, and th a t  of vinylon from  30 to  145 tons. In 1955, 
neither polyester nor acrylic was produced in Japan, bu t in 1963 the  
form er scored a daily output of 173 tons, and the  la tte r  109 tons. As 
vinylidene and polyvinyl chloride have th e ir particu larly  lim ited usage, 
no change was m arked in th e ir  tonnage of production. Polypropylene 
and polyethylene are  regarded as fibers w ith b righ t prospects.

In th is  way, e ight different kinds of synthetic  fibers are  now being 
produced in Japan, and efforts will be continued in the  fu tu re  fo r the  
development of new fibers and the ir commercial production. A t the  same



tim e, as a  resu lt of the  development of th e  petrochem ical industry, new 
m anufacturing  m ethods of raw  m aterials have come to be adopted, Gn- 
abling the  entej’prises to reduce cost sharply. Rationalization of cost, 
therefore , ■will be positively carried  ou t in  th e  fu tu re .

Table 3. Products of Chemical Fiber Enterprises
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T eijin , Lim ited O o o o o
T oyo Kayon Co., Ltd. o' o o o o
K urashiki Rayon Co., Ltd. o o
N ippon Rayon Co., L td. O o o
A sahi Cheniical Industry o o
T oyo Spinning Co., L td. o o o o
M itsubishi Rayon Co., Ltd. o
T o h o  Beslon Co., Ltd. o
N ichibo Co., Ltd. o
Kanegafuchi Spinning Co., Ltd. o o
K ureha Spinning Co., Ltd. o
Kanegafuchi Chemical 

Industry  Co., L td. o
Japan Exlan Co., L td. o
Asahi-Dow Lim ited o o
M itsubishi Vonnel Co., Ltd. o
Shin N ippon Chisso 

H iryo  Co., Ltd. o
K ureha Chem ical Industry 

Co.. Ltd. o o
N itto  Boseki Co., Ltd. o o
M itsui Chem ical Industry 

Co., Ltd. o
T oyo Chem ical Co., Ltd. o o
N ihon Vinylon Co., Ltd. 0
Nichiay Plastic Co., Ltd. o
Daiwa Spinning Co., Ltd. o
T oa W ool Spinning and 

W eaving Co.. Ltd. o
Fuji Spinning Co., L td o

Total 3 6 3 5 6 7 2 3 6 4



Table 4. Productive Capacity of Equipment and Plants

W ig r
Tenacity Synthetic Fibers
Viscose
Rayon
Yarn

Nylon Vinylon Poly­
ester Acrylic Polypro­

pylene
Vinyli-
dene

Poly­
vinyl

Chloride
Poly.

ethylene
Total

1955 39 36 30 0 0 0 10 0 0 76
1960 87 124 80 66 82 0 14 28 7 401
1%1 102 137 117 114 97 0 14 29 14 516
1962 102 171 126 135 91 12 14 29 18 598
1963 83 241 145 173 109 26 14 29 26 764

Source; Statistics ; The Ministry of International Trade and Industry.

(a) High tenacity viscose rayon yarn

W ith h igh alpha pulp as raw  m aterial, th is  yarn , like usual rayon 
yarns, is produced by wet spinning. In response to the  rapid grow th of 
demand on m otorcar tires  in 1960, the  productive capacity was increased 
in 1961 for 102 tons daily (35 tons fo r Teijin, 28 tons for Nippon Rayon,
20 tons for Toyo Spinning, and 19 tons for Toyo R ayon). In  1963, how­
ever, th e  daily ou tpu t was reduced to  83 to rs , as Toyo Rayon, owing to 
th e  commercial production of nylon as a  fiber fo r th e  purpose of m otor­
car tires, gave up its  facilities for high tenacity  viscose rayon.

(b) Nylon

The nylon m anufactured  in Japan  is the  kind using e-Caprolactum 
as raw  m aterial. The prevailing m ethod for caprolactum  m anufacturing 
has two processes, namely, the  phenol m ethod to m anufacture cyclo- 
hexanone from  benzol by way of phenol, and th e  o ther m ethod of direct 
oxidation of cydohexane. Recently, Toyo Rayon has by itse lf m vented 
th e  PNC m ethod by inducting photo synthesis into chemical reaction. 
This is an epoch-making method, and the  facilities applying th is  tech­
nique have been in operation since 1963. The technique has been exported
to F irestone T ire  and Rubber (U.S.A.).

Two m ethods are  employed in spinning, namely, chip spinning and 
non-chipping, continuous polymerization spinning. Both are  m elt-spinning

methods.
Purchasing ih e  p a ten t from  Du Pont (U .S.A .), Toyo Rayon is spin­

ning by th e  chip spinning process w ith facilities fo r a  daily output of 
147 tons. Nippon Rayon is equipped w ith th e  continuous polymerization 
spinning technique of Inventa (Sw itzerland), and the  p lan t has a  daily



capacity of 72 tons. In  1963, Kanegafuchi Spinning and K ureha Spinning 
commenced production by the  continuous polymerization m ethod, while 
Teijin and Asahi Chemical Industry  adopted the  chip spinning method.

(c) Vinylon

Vinylon is obtained by dint of firstly, dissolving polyvinyl alcohol 
(Poval) in w ater, secondly spinning w ith w et or dry  m ethod, and lastly 
by applying a fte r-trea tm en t so as to make the fiber insoluble. K urashiki 
Rayon and Nichibo are  m ainly using the  w et-spinning m ethod in th e ir 
facilities respectively for a  daily production of 92 tons and 52 tons. Nihon 
Vinylon began to  produce filament by the  dry-spinning method.

Until recent years, supply of poval, the raw  m aterial, had entirely 
been dependent upon carbide acetylene. In 1962, however, the  K urashiki 
Raj'on began to produce poval from  natu ral gas acetylene, and Nichibo 
is planning to produce it  w ith w aste gas of petroleum  as the  s ta rtin g  
matei'ial.

(d) Polyester

W ith the  technique of I.C.I. (B rita in ), Toyo Rayon and T eijin  began 
in 1957 to produce a fiber by applying th e  chip spinning m ethod to the  
polymer obtained by condensation of dim ethyl te reph thalate  (D.M.T.) 
and ethylene glycol (polyethylene tereph tha la te ). The capacity of each 
firm has already reached 100 tons a  day.

In 1962, pa ten ts and knowhow of polyester fibers were obtained by 
Toyo Spinning from  Goodyear (U.S.A.), by K urashiki Rayon from  
Chem strand (U .S.A .), and by Nippon Rayon from  Inventa  (Sw itzer­
land), and production on a commercial basis was sta rted . These fibers 
are  im provem ents obtained by the addition of a th ird  ingredient to  the 
said polymer.

Terephthalic acid, the  raw  m aterial for D.M.T., which was th e  m ain 
raw  m ateria l for fibers, was form erly produced by two methods, one of 
which was th e  scientific de.^sign process using paraxylene as raw  m aterial, 
and th e  o ther the  Henkel process based on phthalic anhydride. In 1962, 
however, th e  toluene-Henkel process was introduced, and in 1963 the 
Hercules process, and production was sta rted  by these processes. The 
advantages of the  first of these m ethods are twofold: th e  possibility of 
using th e  low cost tolue] and the possibility of shortening the  process. 
The Hercules process is a new m ethod to convert paraxylene into D.M.T.



(e) Acrylic

This is a  fiber produced by the  w et-spinning m ethod w ith acrylo- 
n itrile  as th e  m ain ingredient. Several firms are  in  operation fo r a  daily 
ou tput of 40 tons each by Asahi Chemical, M itsubishi Vonnel, and Japan 
Exlan, and 20 tons by K anegafuchi Chemical Industry , 10 tons by Toho 
Beslon, and 8 tons by Toyo Rayon.

A crylonitrile, the  raw  m aterial, is obtained by the  cyanamic acid 
process or the  Sohio process. This Sohio m ethod is the  technique of the 
S tandard  of Ohio (U.S.A.) using propylene and amm onia as raw  m ate­
rials, and is m ore advantageous in cost than  the  acetylene process.

The acrylic fiber containing more th an  85% of acrylonitrile is mainly 
used fo r  clothing, and th a t  containing approxim ately 60% is partly  for 
industria l uses.

(!)  Polypropylene

This fiber is obtained by m elt-spinning polypropylene resin, and is 
being produced by Toyo Rayon, M itsubishi Rayon, Toyo Spinning, and 
Shin Nippon Chisso.

(g) Polyethylene

By m elt-spinning medium- and high-density polyethylene resins, 
polyethylene is produced by M itsui Chemical, Kanegafuchi Spinning, 
N itto  Boseki, and others.

(4 )  D em and and Supply

Results of th e  production of synthetic  fibers are given in Table 5. 
Jn 1955, only th ree  item s of nylon, vinylon, and vinylidene were produced 
to  the  am ount of 16,000 tons. In 1963, however, th e  output of 239,000 
of eight item s was the  result, which was an increase of fifteen tim es in 
e igh t years. However, th e  output of high tenaeity  viscose rayon, which 
am ounted in 1962 to  29,000 tons, was reduced in 1963 to  24,000 tons. 
This was due to a  decline in exports and the use of nylon as a  substitu te  
to  m eet th e  demand fo r tirecords.

Table 6 shows demand on fibers fo r industrial uses (m ainly for 
fishing nets and ropes, and also for rubber m ateria ls). N atural fibers 
have been in m ore or less steady annual demand fo r a  volume between
41,000 and 43,000 tons. But it  decreased to 37,000 tons in 1963. Demand



f o r  h ig h  te n a c i ty  v isco se  ra y o n  h a s  e x tre m e ly  d ec rea sed , w h ile  t h a t  fo r  
s y n th e t ic  fib e rs  h a s  sh o w n  a n  in c re a se  o f  15 t im e s , f ro m  a o b u t 4 ,000  to n s  
in  1955 to  n e a r ly  62,000 to n s  in  1963.

T ab le  5. R esu lts  of P roduction

H igh
Tenacity
Viscose
Rayon
Y arn

Synthetic F ibers

T otal
Nylon Vinylon Poly­

ester Acrylic Polypro­
pylene

Vinyli-
dene

P oly­
vinyl

C hloride
Poly­

ethylene

1955 10 8 6 0 0 0 2 0 0 16

1960 27 40 23 22 22 0 3 6 1 118

1961 26 50 30 37 23 0 3 7 3 153

1962 29 58 35 47 27 2 3 7 3 183

1963 24 80 37 62 36 6 4 8 6 239

S o u rce ; S ta tistics; T h e  M inistry  of Internationa! T rad e  anti Industry.

T ab le  6. D em and fo r D om estic In d u s tr ia l Purposes
(Y arn in T ons)

1955 I960 1961 1962 1963

N atural Fibers 
C otton Y am 38.447 40, 390 38, 073 39,488 34,100
O thers 3.074 2, 859 3, 429 3,024 2. 784
Total 41,521 43. 249 41. 502 42. 512 36, 884

Chemical F ibers 
Rayon Y arn 9, 539 22, 332 20, 826 19, 539 13, 462
Synthetic Y am  (C) 4, 110 23.803 33, 387 44.079 62,064
O thers 0 1.0Z3 2,830 2,909 7,861
T otal (B) 13, 649 47.148 57, 043 66,527 83, 387

G rand  T otal (A) 55,170 90, 397 98. 545 109. 039 120, 271
C /A  {96) 24.7 52.2 57.9 6 1 .0 69.3
B /A  (96) 7 .4 26.3 33 .9 40.4 51 .6

Source : S ta tis tics; T h e  M inistry  of International T rade  and Induftry.
N ote : T h e  colum  of 1963 show s the figures in th e  fiscal year, so, these figures mean

som e estim ated ones.

(d) High tenacity viscose
B etw een  1951 a n d  1954, h ig h  te n a c i ty  v iscose  ra y o n  d ro v e  o u t  c o tto n  

c o m p le te ly  f ro m  th e  field o f  t ire e o rd s  f o r  m o to rc a rs , a n d  ex c lu s iv e ly  m e t 
d e m a n d s  f o r  th e m . R e c e n t tre n d s ,  h o w ev er, sh o w  a  dec line  in d em an d , 
o w in g  to  in ro a d s  m a d e  b y  ny lon .

A s fo r  u se s  o f  h ig h  te n a c i ty  v iscose  ra y o n , th e  o v e rw h e lm in g ly  h ig h



p e rc e n ta g e  o f  a p p ro x im a te ly  90 is  f o r  t i r e s  o f  m o to rc a rs , a n d  n e a r ly  10%  
f o r  t i r e s  o f  tw o -w h eeled  veh ic les  a n d  b e lts .

(h) Nylon

In  J a p a n , th e  s tu d y  o f  th e  u se  o f  n y lon  fo r  m o to rc a r  t i re c o rd s  w as 
su c c e ss fu lly  acco m p lish ed  in  1960. In  th e  th r e e  fo llo w in g  y e a rs , n y lon  
g re w  so  ra p id ly  a s  to  s h a re  th e  m a rk e t  f o r  m o to rc a r  t i re c o rd s  w ith  h ig h  
te n a c i ty  v isco se  ra y o n . N y lon  w a s  co n su m ed  fo r  t ire c o rd s  to  th e  a m o u n t 
o f  1 ,000 to n s  in  1960, 3 ,500 to n s  in  1961, 9,700 to n s  in  1962, a n d  14,000 
to n s  in  1963.

A ll th e  m a n u fa c tu re r s  o f  n y lo n  a r e  p la n n in g  to  go  in to  th e  field o f 
m o to rc a r  t ire c o rd s . C e r ta in  m a n u fa c tu re r s  o f  h ig h  te n a c i ty  v isco se  ray o n , 
th e re fo re ,  h a v e  b e g u n  to  p ro d u ce  n y lo n  in  co m m erc ia l vo lum e, in  o rd e r  
to  m a in ta in  th e  s h a re s  th e y  h a d  e n jo y e d  by  th e  p ro d u c tio n  o f  th e i r  
sp e c ia lity .

A t  th e  p r e s e n t  tim e , 30%  o f  n y lo n  a r e  f o r  in d u s tr ia l  u se s . O f th is  
p e rc e n ta g e , 60%  a r e  f o r  tire c o rd s , a n d  30%  f o r  f ish in g  n e ts  a n d  ro p es . 
In  1964 new  m a n u fa c tu re r s  w ill b eg in  to  p ro d u ce  on  a  co m m erc ia l b a s is , 
a n d  th e  to ta l  o u tp u t  w ill be re m a rk a b ly  in c re a se d . A s a  r e s u lt ,  o f  a ll 
th e  u se s  o f  n y lo n , t h e  p ro p o r tio n  o f  in d u s tr ia l  u se s  w ill g ro w  in  1965 
to  be 4 0% . H a lf  th e  vo lu m e o f  su p p lie s  to  in d u s tr ie s , o r  a p p ro x im a te ly
25,000 to n s , w ill go  to  tire c o rd  m a n u fa c tu re r s .

(c) Vinylon
T h e  r a t e  o f  v in y lo n  consum ed  f o r  in d u s tr ia l  p u rp o se s  is  50% . In  

v iew  o f  i ts  q u a lity , v in y lo n  is  m o s tly  u se d  fo r  f ish in g  n e ts  a n d  ro p es. 
B u t no  sm a ll q u a n t i ty  is  w a n te d  f o r  b e lts  o f  n y lo n  a n d  v in y lo n  m ix tu re s . 
F o r  th e  p a s t  fo u r  o r  five y e a rs , v in y lo n  h a s  been  u sed  a lso  f o r  b icycle  
t ire c o rd s , th o u g h  n o t in  a n y  la rg e  q u a n t i ty .  I t  is  m o re  s u ita b le  f o r  ru b b e r  
fo o tw e a r  a n d  ru b b e r  c lo th , a n d  a lso  f o r  hoses.

(d) Polyester
P o ly e s te r  is u se d  a lm o s t e n tire ly  f o r  c lo th in g , a n d  i ts  c o n su m p tio n  

in  th e  fields o f  in d u s try  is  on ly  a b o u t 5% . A  s tu d y  o f  i t s  u se  f o r  m o to r­
c a r  t ire c o rd s  h a s  re c e n tly  been  co n d u c ted  w ith  success , a n d  e x p e rim e n ts  
h a v e  j u s t  been  com m enced  in  i ts  p ra c tic a l  u se  f o r  th i s  p u rp o se . F o r  
f ish in g  n e ts  a n d  ro p es , b e lts , an d  h o ses , th o u g h  in  sm a ll q u a n ti t ie s , p o ly ­
e s te r  finds s te a d y  d em an d , w h ich , in  k e e p in g  w ith  a  re d u c tio n  in  co s t, 
is  e x p e c te d  to  g ro w  in  th e  fu tu re .



(e) Others
P o ly p ro p y len e , w h ich  is  now  in  q u e s t o f  fields f o r  i t s  u se , h a s  p ro ­

m is in g  p ro sp e c ts . I t  m a y  b e  u sed  f o r  b e lts , in s u la to rs , a s  w ell a s  fish in g  
n e ts  a n d  ro p es . O th e r  fib e rs , su c h  a s  p o ly e th y le n e , v in y lid en e , a n d  p o ly ­
v in y l c h lo rid e  a r e  u sed  f o r  fish ing’ n e ts  a n d  ro p es , se w in g  th re a d s , an d  
m isce llan eo u s  a r tic le s . A cry lic  is a lm o s t ex c lu siv e ly  u se d  f o r  c lo th in g .

( 5 )  F u tu r e  P ro sp e c ts

N o re m a rk a b le  c h a n g e  is  fo re se e n  in  d em an d  on n a tu r a l  f ib e rs  an d  
ra y o n  in  th e  f u tu r e .  I t  m a y  te n d  r a th e r  to  decline. A cco rd in g  to  th e  
M in is try  o f  In te rn a t io n a l  T ra d e  a n d  In d u s try ,  d em an d  on s y n th e t ic  fibers  
in  1965 is  a n tic ip a te d  to  sho w  a n  in c re a se  o f 50%  o v e r 1963, a n d  to

a m o u n t in  d if fe re n t fields a s  fo llo w s:

In d u s tr ie s 85,700 to n s

C lo th in g 237,500

E x p o r ts 78.600

T o ta l 401,800 to n s

H a v in g  th e s e  p ro sp e c tiv e  d e m a n d s  in view , th e  m a n u fa c tu re r s  a re
e x p a n d in g  th e i r  p r e s e n t  e q u ip m e n t a n d  p la n ts  f o r  s y n th e t ic  fibers. W h en
th e i r  p la n s  a r e  c a rr ie d  o u t, th e  fa c il i t ie s  w ill h a v e  th e  fo llo w in g  c a p a c i t ie s :

N y lon 338 to n s  p e r  d ay
V iny lon 161
P o ly e s te r 298
A cry lic 180
P o ly p ro p y len e 64
V in y lid en e 14
P o ly v in y l C h lo rid e 32
P o ly e th y le n e 42

T o ta l 1,129

A s h a s  b een  s ta te d  above, th e  m a n u fa c tu re r s  o f s y n th e t ic  fibers  a re  
a d o p tin g  new  p ro c e sse s  o f  m a n u fa c tu r in g  ra w  m a te r ia ls  f o r  s y n th e t ic  
f ib e rs  a n d  th e  c o n tin u o u s  p o ly m e riz a tio n  sp in n in g  m e th o d , th e re b y  to  
c o n tin u e  th e i r  e f fo r ts  to  re d u c e  th e  c o s t o f  th e  p ro d u c ts  a n d  to  develop 
f r e s h  fie lds f o r  d em an d . I t  Is a n tic ip a te d , th e re fo re ,  t h a t  d em an d  fo r  
s y n th e t ic  fib e rs  w ill becom e s tro n g e r  y e a r  a f t e r  y e a r .



IV- R ecla im ed  R ubber

(1 )  G en e ra l S itu a tio n

I t  w as a p p ro x im a te ly  50 y e a r s  ag o  t h a t  th e  f ir s t  re c la im e d  ru b b e r  
w as p ro d u ced  in  J a p a n . T oday , th e re  a r e  n in e  co m p an ies  t h a t  en g a g e  
in  th e  p ro d u c tio n  a n d  m a rk e t in g  o f  th e  re c la im e d  ru b b e r  a n d  th e i r  to ta l  
p ro d u c tio n  a c c o u n ts  f o r  a lm o s t 90%  o f  a ll p ro d u c tio n . O th e r  com pan ies, 
s m a lle r  in  n u m b e r, m a n u fa c tu re  th e  rec la im ed  ru b b e r  f o r  th e i r  ow n  con­
su m p tio n  b u t  th e i r  p ro d u c tio n  o n ly  re a c h e s  10%  o f  th e  to ta J  o u tp u t.

T h e  s ta t i s t i c s  v iv id ly  sp e a k  o f  a  co n tin u o u s  y e a r ly  in c re a se  in  re c e n t 
rec la im ed  ru b b e r  p ro d u c tio n  in  J a p a n  a n d  in  1963, i t  finally  re a c h e d  
40.428 to n s  a g a in s t  14,501 to n s  in  1955. (S ee  T ab le  1 below .)

T ab le  1. P roduction  of th e  R eclaim ed R ubber
(U n it: T on)

Y ear P roduction

1955 14, 501
1960 37. 825
1961 38, 699
1962 40,121
1963 40,428

Source: Statistics; T h e  M inistry of In ternational T rad e  and Industry.

In  th e  m e a n tim e , th e  co n su m p tio n  o f  th e  re c la im e d  ru b b e r  is  also  
on r is e  in  line w ith  th e  in c re a se  o f th e  new  ru b b e r  co n su m p tio n  a n d  i t  
saw  a lm o s t th re e -fo ld  in c re a se  d u r in g  th e  la s t  e ig h t  y e a r s  s in ce  1955. 
(S ee  T a b le  2  below .)

T ab le  2. C onsum ption of th e  R eclaim ed R ubber
(U n it: T on)

Y ear
Consum ption 

of the new  rubber
(A)

Consumption 
of reclaim ed rubber

(B)
B /A
(96)

1955 93, 433 14,186 15.2
1960 218,107 32, 953 15.1
1961 254, 590 35. 637 14.0
1962 282, 339 39, 689 14.0
1963 310,102 43, 433 14.0

Source: Statistics; T h e  M inistry of In ternational T rad e  and Industry.



T h e  rec la im ed  ru b b e r , up  u n ti l  re c e n tly , h a d  b een  u sed  p r im a r i ly  to  

in c re a se  th e  q u a n t i ty  o f  th e  n a tu r a l  ru b b e r  a n d  i t s  d em an d  h a d  s tro n g ly  
b een  in fluenced  by  th e  f lu c tu a tiv e  p ric e s  o f  th e  n a tu r a l  ru b b e r . H ow ever, 
th e  f a c t  t h a t  th e  re c la im e d  ru b b e r  havS been  m a in ta in in g , ev en  to d ay , 
14-15%  co n su m p tio n  r a t io  a g a in s t  th e  new  ru b b e r , is  th e  a c tu a l p ro o f 
o f  i t s  c o n tr ib u tio n  n o t  on ly  to  lo w erin g  th e  ru b b e r  p ro d u c tio n  c o s t an d  
ra t io n a liz in g  th e  p ro d u c tio n  p ro cess , b u t  a lso  to  ra is in g  th e  q u a lity  o f 
th e  ru b b e r  p ro d u c ts . T h e  f a c t  is  a lso  d u e  to  th e  w id e  re c o g n itio n  o f  i ts  
n a tu r e  a s  a n  e ffec tiv e  co m p o u n d in g  fille r to g e th e r  w ith  th e  c a rb o n  b lack  
a n d  o th e r  ru b b e r  ch em ica ls . N o a c c u ra te  r a t io  is  k n o w n  b e tw e e n  th e  
t i r e  m a n u fa c tu r in g  a n d  n o n - tire  ru b b e r  p ro d u c t m a n u fa c tu r in g  in  th is  
u se  o f  th e  re c la im e d  ru b b e r . T h e  re c la im e d  ru b b e r  p ro d u ced  f ro m  th e  
t i r e s  is  m o s tly  u sed  fo r  m a k in g  v a r io u s  k in d s  o f  th e  t i r e s  a n d  th e  g en era! 
ru b b e r  p ro d u c ts , w h e re a s  th e  one  fro m  th e  tu b e s  is  u sed  f o r  p ro d u c in g  
th e  t i r e s  a n d  o th e r  ru b b e r  p ro d u c ts  o f  h ig h  g ra d e . A n d  th e  m ix ed  r e ­
c la im ed  ru b b e r  is  u tiliz e d  f o r  th e  a u to m o b ile  p a r ts ,  floor m a t t ,  hose  a n d  
o th e rs .

In  th e  in te rn a t io n a l  scen e  o f  th e  rec la im ed  ru b b e r  co n su m p tio n , th e  
U n ite d  S ta te s  h o ld s  a n  u n d isp u te d  lead  o v e r o th e r  c o u n tr ie s  fo llow ed  by  
W e s t G e rm a n y , J a p a n , E n g la n d , F ra n c e , C an ad a , in  t h a t  o rd e r . (S ee  
T ab le  3 below .)

T ab le  3. R eclaim ed R ubber Consum ption in  th e  M ajor C ountries
(U n it : 1, 000 long ton)

Y ear U.S. W. G erm any Japan Britain F rance Canada

1960 277 46 33 36 30 16
1961 250 42 36 33 31 16
1962 260 43 40 36 34 18

S o u rc e ; Statistics; T h e  International R ubber S tudy Group.

(2) M anu factu ring  Processes

T h e re  w e re  tw o  p ro c e sse s  in  m a n u fa c tu r in g  th e  re c la im e d  ru b b e r  in  
J a p a n — th e  p a n  p ro c e ss  a n d  th e  a lk a lic  p ro cess . T h e  a lk a lic  p ro c e ss  h ad  
g ra d u a lly  lo s t  i ts  g ro u n d  to  th e  p an  p ro c e ss  r e s u lt in g  in  th e  l a t t e r ’s 
d o m in a tin g  th e  p r e s e n t  w a y  o f  th e  p ro cess in g . O n th e  o th e r  h a n d , th e  
n e u tr a l  d ig e s t in g  p ro c e ss  is  m o s t p o p u la r  in  b o th  E u ro p e  a n d  th e  U n ited  
S ta te s  w h ile  th e  c o n tin u o u s  d ev u Jcan iz in g  p ro cesse s  th ro u g h  th e  u se  o f  
th e  re c la m a to r  is  b e in g  a d o p te d  in  le s s e r  d eg ree .



The digester process has generally been favored since it can remove 
completely the fibers from the waste rubber. Of late, Japan, whose pan 
process is making a remarkable progress, is successfully turning out the 
reclaimed rubber of high grade, comparable with the one made through 
the digester reclaiming process.

F o r  in s ta n c e , a  fib er re m o v in g  e q u ip m e n t u tiliz in g  th e  s ta t ic  elec­
t r ic i ty  is  in  o p e ra tio n  a t  a  c e r ta in  co m p an y  w h ich  h o ld s  th e  p a te n ts  in  
J a p a n  a n d  th e  U n ite d  S ta te s  f o r  th e  e q u ip m e n t. T h e  e q u ip m e n t is  cap ab le  
o f  re m o v in g  a n d  re d u c in g  th e  fiber co p o n en ts  to  less  th a n  0 .3% .

J a p a n e s e  re c la im e d  ru b b e r  5s b e in g  f e a tu re d  b y  le ss  a c e to n  e x t r a c t  
c o m p a rin g  w ith  t h a t  o f  th e  U .S ., t h a t  is , m u ch  h y d ro  ca rb o n  in  q u a n ti ty .  
T h e  reclaim .ing  oil o f  th e  p e tro le u m  o rig in  h a s  been  in  u se  in  th e  U n ited  
S ta te s  b u t  th e  u se  o f  th e  oil o f  b o tan ica l o r ig in  is  m o re  a d v isa b le  in  case  
th e  re c la im e d  ru b b e r  o f  h ig h  p h y s ic a l p ro p e r t ie s  is s o u g h t a f t e r  a s  in 
J a p a n .

T h e  p in e  t a r  h a s  h i th e r to  been  u sed  a s  th e  oil o f  b o ta n ic a l o r ig in  
b u t  i s  b e in g  re p la c e d  o f  la te  b y  th e  ta l l  o il a n d  th e  d ip e m te n e , d u e  to  
th e  d ec lin in g  in  th e  e x tra c te d  a m o u n t o f  th e  p in e  t a r .  T h e  ta l l  oil, s e p a ­
ra te d  a n d  re fin ed  fro m  th e  w a s te  liq u id  f ro m  th e  s u lp h ite  p u lp , c o n ta in s  
a  c o n s id e ra b ly  la rg e  a m o u n t o f  th e  re s in  ac id  a n d  th e  f a t t y  ac id . P r e ­
p a re d  w ith  sp ec ia l a lk a lic  ch em ica ls , t h e  ta l l  oil h a s  becom e p o p u la r  in  
m a n y  w a y s  o f  th e  u se  a n d  i t  even  p re v e n ts  th e  d e lay  o f  th e  c u r in g  in 
th e  S B R  re c la m a tio n  w h ich  h a s  o f te n  o c c u rre d  in  th e  p a s t .  I t  a lso  en ab les  
th e  m a n u fa c tu r in g  o f  th e  rec la im ed  ru b b e r  w ith  h ig h  p la s tic ity .

T h e  t i r e s  an d  tu b e s  h a v e  been  u sed  a s  th e  ra w  m a te r ia l  f o r  p ro d u c­
t io n  o f  th e  re c la im e d  ru b b e r  w h ich  a c c o u n ts  fo r  70 % o f  th e  to ta l .  T h e  
re m a in in g  30%  a re  o b ta in e d  fro m  th e  ru b b e r  fo o tw e a r , w ate r-p illo w , 
ru b b e r  f a c to ry  w a s te s , r u b b e r  to y s  a n d  o th e rs .

T h e  m a jo r i ty  o f  ra w  m a te r ia ls  f o r  J a p a n e s e  re c la im e d  ru b b e r  p ro ­
d u c tio n  is  b e in g  su p p lied  d o m estica lly  b y  76  specia lized  w h o le sa le  d e a le rs  
w h o  co llec t th e  w a s te s  th ro u g h o u t  th e  c o u n try  a n d  ofl^er th e m  to  th e  

m a n u fa c tu re r s .

(3 )  T h e  K in d s  an d  C lassifica tio n s

T h e  J a p a n  In d u s tr ia l  S ta n d a rd s  r e g u la te  th e  m a te r ia ls  a n d  th e  
q u a li ty  to  b e  u se d  in  t h e  specified  k in d s  o f  th e  re c la im e d  ru b b e r  a s  
fo llo w s:



R ec la im ed  ru b b e r  o f tu b e
Made from the automobile tube wastes or from the materials of 
equivalent quality.

R ec la im ed  ru b b e r  o f  t i r e
M ade fro m  t r e a d  ru b b e r  o f  au to m o b ile  t i r e  w a s te s  o r  f ro m  th e  m a te ­

r ia ls  o f  e q u iv a le n t q u a lity .

M isce llan eo u s re c la im e d  ru b b e r
1 s t  g r a d e :  M ade f ro m  th e  b icycle  tu b e  w a s te s  o r  th e  ru b b e r  shoes
e x c lu d in g  th e i r  so les o r  fro m  th e  m a te r ia ls  o f  th e  e q u iv a le n t q u a lity . 
2 n d  g ra d e :  M ade f ro m  th e  ru b b e r  fo o tw e a r  so les o r  th e  in d u s tr ia l
ru b b e r  p ro d u c ts  w a s te s  o r  th e  m a te r ia ls  o f  th e  e q u iv a le n t q u a lity .

T h e  c la ss ific a tio n  o f  th e  re c la im e d  ru b b e r  a r e  r e g u la te d  in  th e  J a p a ­

n e se  In d u s tr ia l  S ta n d a rd s  a s  fo llow s:

C lassification of R eclaim ed R ubber

Kinds Reclaimed rub b er from  
tubes Reclaim ­

M iscellaneous 
reclaim ed rubber

Raw rubber G R -1
ed rubber 

from  
tires 1st grade 2nd gradeItem s Black

tube Red tube Reclaim ­
ed rubber

Specific gravity U nder
120

U nder
125

U nder
120

U nder
120

U nder
135

U nder
155

A sh {%) //
20

//
15

//
20

//
15

//
40

o
45

Acetone extract ( ^ ) It
15

//
15

//
10

//■
20

II
17

//
17

T ensile  T est

T ensile  streng th  
(kg/cm2)

O ver
65

Over
55

O ver
60

Over
60

O ver
40

O ver
35

Expansibility
{%)

»
350

//
300

If
400

//
250

//
150

<■/
150

A ging  T est

Rem nants ratio 
o f tensile streng th

{%)

f/
70

//
70

ir
70

//
70

n
70

//
70

R em nants ratio 
o f tensibility 

{96)
f/
50

»
50

//
50

//
50

»
50

n
50

B lending T est 
of Raw rubber

K eeping ratio 
of tensibility 

(96)
//
70

//
60 — n

60
n
45

»
40




