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1. Inbroduction

Je Morxing vlan

%, Previous working on the plant

4, Fxperiments on the plant .

5. neconmend-rtiens

1 Ac desgeribed in the Job LoIse g S
3! crtained with the help of the ~lier projeot 1007/
a Lrrmonstrotion Flant Unit for Synthetic #idres.

t the develcopuent and production of several

n
xind ¢f synihetic filements and steple fibres is poszivie, prind

Felyorter(PES), rolyanids,s (PAG,6), and Polysnid & (PA €) in

The plant had veen inzururated officialy during the Internationzl Iarn-
sade-Fivro-conference for Developing Countries in April 1027, Wnaren:
the spiuning plunt and the fiore line were cciomissioned erovnd Apceil
1967, the draw twisting machine for inductrial yarn, end the polyroeri-
zation/ polycondenzation unit could not te commissioned dJduz bo sono por

Jenis.

The necessary modifications in the polyrmevization plant wore completae?

AT

in July 1954, cince Lhon, this part of Lhe plant ig also [ully io oo
. 1] } 2
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on and produrcs polymers for the developing 2nd product?
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Discussion of thesc results in connection with textiltechnologycag
pnysical fibre properties. Interpretation of the important fibre
analysis data with the fibre structure and properties, in connecti
on with the production-process-parameters.

To get an overall impression about the present state of the plant and
about the instantaneous developing works, we vicited after our discussi
on the plant and subsequently the chemical/physical and textile labora-
torie:.

% .Previovs working in the plant: An analysis and interpretation of the

technical state of the plant appears not necessary, because Professor i

HJerlinger alrecady gave a detailed report after his latest visit coencer-!

b
ning this state. ;
{

After the discussion with the management about the instantaneous deve-
loping works and after a short visit around the plant as menticned abov,
it muct be cmphasized, that the management very effectively utilized i
last two and half years. The plant personnel - supervisors ~ learned :
from the operation manuals, the main process stages on the plant, and
in addition 2 lot of xnow how, which is nec.ssey for a continous deve-
lopment and production of the different kinds of synthetic fibres. In

this two-year period, the polymers, necessary for the spinning, develo-
ping and preduction of filaments and staple fibres in pilot scale were

bought on the market from foreign producers.Since the restarting of the|
E’) (&)
polymerization in July 1884 it is also possible to carry out the deve-

———— < —— 2 —

loprent works, using polymers procduced in the polymer plant at Sasmira.

Purthermore for the analysis and testing of the raw maierials, polymers
and fibres produced in the plant, the necessary analytical methods, for
the characterization of the fibre properties, were introduced, and
training for the same personnel in laboratories was imparted.

i
i
]
i
J

But unfortunately, because of unproper cperations from the shift member.
and/or from the not enough trained maintenance workers, same sensitive
parts - mainly on the spinning equipment has been damaged (e.g. leakage:
in the spinnecret packs a.s.0.) and causes for time to time troubles in
the very sensitive spin-prozess. Several nmeasuring recorders didn't ,
write the corresponding values or are disappearcd., The single tachomcte;




the stroboccope and the Simovert speedometer are out of order.
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To secure proper conditions on the plant, every of this short-comings

ought to be urgently corrected.

The plant take on the hole a good impression, but a little higher clean

ness, in and around the equipment would = increase effectful the deve-

loping works, and would be helpful for the education of the plant per-

sonnel, too. g

4, Experiments on the plant:

4.1 PES- POY- spinning ‘.
As in the working plan written, (see point 2.1 page 2), the first

experiment was the optimizatior of the spinning parameters for PCY
The spinn process carried out without godets about 22CC m/min, wit
a jet fipishing equipment installed in the quench air chamber. ;
Earlier it has been spun PCY on the plant. But during this experi%
nents the jet finishing equipment was installed in the near of thq
take up machine. E

By spinning of rine titers which has most interest on the market é
g. 75/35 den 'raw- texturized yarn, it is to recommend to reducé
the POY~- tension before the take up process. For this purpouse it 1
an advantageous solution to built up the jet finish equipment at
the vottom of the quench‘air chamber. ( DPistance from spinnerets
depending from titer, air quenching conditions,take up velocity a.:
s. 0.). With this arrangement the PES- synthetic fibre industry h=
been able to reduce the waste ratio by the draw texturizing pro~-
zess and to increase the yield in the first quality with some per
cent ( from about 90 tc 93 %).

o —— e i+ = =
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The maintenance group began with the set up of the finishing devic
in the quench air chamber. Distance from the spinnerets is 140 cu |
variable 3+ 20 cm. ‘

1

During this time the plant spuﬁ polyester filament after the clas—‘
sical method. With some experiments it was possible tc demonsfrate§
which spin-parameters have the most influence on the spun fila- §

i

ment properties ( Uster, CV-value, cakes building, its surface uni:

formity a. s. 0.). Optimum conditions with these experiments were |
reached, ’
!
!
'
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We discussed in all details the spin-prozess, stucture, properties:
relationships. With some graphes ( see enclosures ) I made easy tc
understand the PES-fibre structure (morphology’) , textilmechanica.
properties and its varations with processing parameters. To make

easy the control in course of the production, I proposed the intro-

duction of bobbin "cards" which contain the main corresponding prec-
duction data.

After building up and testing this jet finish device with the clas-
sical spinning method, it has been found out, that the high velo-

" city winder is out of order. Unfortunately during my mission it wa.

not possible to repair this winder.

To demonstr:-te the effect what is attainable with this jet finish
unit, installed in the quench air aerea, a test has been made at !
33260 m/min velocity.

A little guantity filament yarn was taken up on a godét,.which TUn.
with the velocity from 3360 m/min. The textiltechnological values :
from this filament ( tenacity 3,3 g/den, elongaticn 105 % ) are :
good and correspond with the values optained in the industrial proj
duction of 120 den POY, 75/24 den draw- texturized yarn. The spin~!
tension from this POY with 18-22 g lay also in the expected regio;

.

To rnake easy the trouble shooting during the POY production,a char
wvas worked out and distributed for the participant of the discus=

sion group ( see enclosures). It can be enlarged with own obser-
vations.

4,2 Experiments on the fibre line

P p——— —-" i

As agreeld in the working plan (see point 2.2 page 2 ), the possibi;
lity for the development and production of HT- and/or M- FrS~sta- ;

t
ple fibres ought to be investizated on the fibre line. ;

Unfortunately the main line switch of staple fibre (heat setting
unit) was burned, and had to be renlaced. After this repeair of this

switch the fibre line was only available in the last four days for
experiments,

The staple fibre production is carried out in this plant from un-
drawn filarents on bobbins. The FES~- bobbins had been stored for
several days and its structure (morphology ) would be changed and
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would nct be good for experiments.

In the last three days the plant began to spin PA 6,6 filaments
as mentioned later. The - for a small tow collected - undrawn yarn
from these experiments were used for these stretching and after-
stretching/thernosetting experiment,too.

Conditions for the experiments were the following:

'
a.) Feed velocity 10m/uin E
b.) Cutput velocity 40 m/min and 44 m/min i
c.) Temperaturs 1st hot air chamber 1300C not air §
d.) Temperature 2nd hot air chamber 2200C hot air and 1809C
steam i
e.) Stretching ratio 1st step 2nd step Total
Experiment I. 1:3.6 1:1.1 1:4.0
Experiment IJX. 1:3.4 1:1.15 1:4,.0
Experiment III. 1:3.4 1:1.27 4.4

The fibres obtained from the three experiments had the following !

excellent textiltechnolcgical properties:
Experiment I. - "I III.
Denier 4.09 4,08 3.56
Tenacity g/den - 7.69 7.55 9.5
Elongation % 48 27.2 26.4
Boiling water '
shrinkage% 1.44 1.33% 1.42
As expected, from the results it can be seen, that in the &nd Lot

air chamber bLoth afterstretching and thermosetting can »e carried ;
out. i
The process can be applied in same way for PES-staple fibres, too.f
It will also be possible, after the optimization of the stretching,
thermosetting conditions, to produce HT and/or HM-PES staple fibre
on this fibre line., The necessary conditions for PES were'discusseg
and I recommended to carry out these experiments.

Vit the working cut of a know how for the production of these fi-;
bre types it will be possible - when from the synthetic fibre in-
dustry required - to transfer this know how in the industry.
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As weil knwn these HT- and/ or !M-PEC staple fibre types are at
the mcment on the market the hLeut blending components for the ma- |
nufacturing of high quslity priyester/cotton textiles,

The fibre line is furthermore ~uitable for the stretching and
aftertreatment of polypropylenn fibres, too.

Unfortunately the laboratory Ad.«s not have the necessary fibre de:x
sity column or density balanc> equipment.

It is not posglble to receive +julckly reliable answers regarding
the changing in the fibre crystsllinity ( degree of order), durlr‘
this afterstretching/ thermoselting process. The hot air shrlnkarf
value only gives an average value about this very important struc{
ture changes. : g
x

Wwith the DSC-equipment it is pesizible to measure this value, but
only after very precise calibention. Por this calibration there
was not enough time available, 'fhe conditions for this ceasuroents
were discussed, and it was recommended. to carry out these experi-
nents with the same throe produced staple fibres samples. ;

: .".‘

]
i

By this manner of fibre productlon, the heat-setter (Type iiohr)

only usea as a dryer. It works without tension on the tow and can ;
be set in as thermocsetter by the production of wool-type PES-stapl

fibres.

During our discussion, I pointnd out several times the difference !
in afterstretching/ thermosetting process carried out with or
without tension. The tenacity, elongation, elasticity modulus a. SN
0. of the fibres are very diff~rent, depending from the above men-j
tioned two different conditions.

4,3 production of PA 6,6 filamcnks

As written in working plan (point 2.3 page 2 ) one ougnt to work
out and optimize the spinning =snd stretching conditions, respecti-’
vely process parameters for the production of Pa 6,6 filaments afm;

t
1

ter the classical two-step method ( spinning, drawtwisting). =~ '

For this experiment the interfioor tube must be changed, instead
of a type which is equiped with steam injectior. This allows the
necessary moisture take up “or I'A 6,6 filaments during its spin-
ning. After this change ana some little modifications, it was pos--

i
|
| e o= o e s = e e vy
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t
sitle to begin with these experiments, too. (BAGF polymer viscosi-

ty.? re] = 2.65 ). After the fixin; of trhe extruder respectively
manifold temperatures ( down hill principle), the neccessary guencr
air velocity, steam aquantity, oil and moisture containt for the
spin process were worked out. Take up velocity 10CC m/min, respec-
tively 745 m/min.

The very gocd cooperaticn with the laboratory, allowed to work out
the main necessary spin psrameters quickly.

Unfortunately the 1id ( closing door ) on the interfloor tube

( back side ) is missing. 3ecause this mistake, the effective
lenght of the interfloor as steam chamber is adversely affected

( chimney effect). Becausc this the cake building is not very good

The Uster values from the unstretched bobbins layes between 1.7%
and 2.2/, depending from the spin conditions. The elongation with
X 400-420 % and CV value 11.3% were sufficient. The draw twisted |
yarn with 700 m/min velocity and a stretching ratio from 1: 2.62
gives the following values: Titer 101/24 den, Uster 1.C5 %, tena-

city 5,7 g/den, elongation 45.2%, vboiling water shinkage 1.6%.
To reduce the elongation in the desired region of 30-35 %, the
stretching conditions must be optimized ( stretching ratio, godet,:
and hot vint temperatures). The experiments has been carried out.

During an unforseen break down, it was possible to demonstrate fori

the shift members very effectful the necessity of the PA 6,6 fila-
nent steanm treatment in the interfloor tube. At 5 p.m. by mistake
the main steam valve was closel. After 10 minutes i{ was not pos-
sible to spin and wind up the filaments.

As long as the urderfloor tube 1id is not available, further expe-
riments are not recommended. Without this part it is not possible
to spin with the necessary constant humidity conditions.

4.4 Physical analysis of polymer aad fibres

The laboratories are well equiped for the different kind of polymei

and fibre-analysis methods.

The iniroduction of some additional analysis methods should help
to characterize the physical and textiltechnological properties of
the polymer and fibres, too.




Namely with this little aid it is possible t. measure exactly the

A very important polymer property for the spinping from PES chip, |
is its density ( crystallinity befor and after drying ). The DEC- ;

rethod is for this purpose very good also, but more measurments
are necessary.

With the pycnometer method it is possible to measure the density

( crystallinity ) of about _ g chips ( average value). The densita
of the 1CO % crystalline PES and this of the amorphous was given.;
The introduction of this method has been recommended and personneﬁ
is trained.

For the characterization of the POY, its density ( crystallinity)f
also very important.A design and a description {for the make of a

" density balance" equipment has been given. When this very simple
instruzent and a cathetometer are available, e.g. the thercosettin
properties of the PES, PA 6, 6 and PA 6 filaments and staple fib- ‘
res can be measured with accuracy. . : I

The laboratory has a very comfortable microscope (Car! Zeiss Uni-
versal Photomicroscope Ultraphot), But unfortunately an auxiliary
device for this microscope t're Berek- com_« z:tor was disappeared.

preorientation degree ( birefringence ) of FOY. This value is a
very important lactor for the characterization fcr the POY. The
repurchase of this compensator is essential and is recorcrended.

( The birefringerce value of the fibres can be estimated in pola-~
rized light between crossed nichols, with the aid of "Interferenze-
color charts?”, But this method is not enough exact).

The meassurment of the thermoshrinkage values is also a very reli-|
able method tc characterize tne preorientation degree of PCY, in
connection with its density and natural draw rctio (see enclosures’
The correlation of this value with the take up velocity for this

plant has been discussed, i

lhe measurment of the boiling water ( or hot air 160°C ) shrinkage
has been recommended as routine analysis,

The introduction of a rapid oil content determination method (e.g.
the W.I.R.A. method), it would be helpful to receive the necessary
0il values, after 1C~15 minutes, which are important for the opti-
mization of prozess parameters., The present method requires four

houres. For exact determination of the o0il content of course this
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v Jong time method" is recommended.
The dyestoff take up velocity is a very sensitive size for the !
characterization of fibre structure (distribution of the crystalli

amorfhous parts).Five different dyeing prescription were given.

All these recommended, partially introduced analysis data have
been interpreted with the fibre structure and/or properties, in
connection with some production - process - parameters.

5. Recommendations®: For a pilot plant in this size, it is absolut vits

to invest from the invested capital about 5% per year in the plant.
Without these investments the plant will very guickly depreciate and

can not funtion efficiently.

5.1 FPor the plant
The existing Sasmira synthetic fibre plant is satisfactory for

|
]

.. . b
training, for demonstration and for limited research, and to opti-

. mize prczess conditions.

when the plant will develop high speed spinning and produce PCY it
i
is absolut necessary to produce draw-texturized yarn within Sasmir,

Many items like high speed winder, electronic instruments require |
proper maintenance. Only after this general maintenance will be t
functioning plant efficiently.

Certain routine testing equipments on the plant are necessary like,

Digitai hand- tachometer for up to 6000 m/ nin velocity
Stroboscope for up to 6000 m/min velocity
3 Continuous fibre tensionmeter with high sensitivity and
digital display
Instrument to measure the air velocity in quench air
chamber or in the inter-
_ floor tube
Instrument to measure fibre surface temperature
Instrument for continous measurment of the filament 'moisf
ture content '

*As the task of this assignment does not contain investigations and
suggestiors for the polymerizatior unit, the recommendations related
only to the filament spinning- drav twisting- unit and the staple fibre!
line.
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For the spinning of PCY, a big set of new spiunerets are required,
with hole diameter C.35 and/or O.4 mm, and L/D.ratio 1.50- 1.75. |
The requirement is 4 spinnerets per position. :

S —

5.2 For the laboratories

A purchase of a " fibre density balance”, or a density column, the
repurchase of a Berek compensator and a purchase of additional
parts necessary for a rapid oil content determination method are
reconnended.

6.0ummary: Based on the discussion 'nd guidence during the last month,
Senia g ‘ i
the rlant can do lirited research and to optimize process conditions.

Maintenance requires considerable improvement.

Small expenditure for routining testing equipment as menticned will be
very helpful.
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