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In the course of this study, compositions and designed structures for the polysulfone (PSF) and short
glass fibers systems were calculated. Additionally, disperse-filled polymer composite materials
(DFPCM) based on PSF-190 were classified in accordance with their respective structures, and the
optimal amount of glass fiber (13.5-18.5 vol %) was determined. This article describes the production
of DFPCM using PSF and a short glass fiber with a twin-screw extruder (Labtech Engineering Company
LTD, model Scientific FIC 20-40). Furthermore, optimal mixing parameters for the creation of composites
wherein the glass fiber length exceeds the critical length (I ) were established. The critical length was
calculated, and the curves for fiber size distribution of polysulfone composites were depicted, and a
difference in fiber concentration between the dispenser and the extrusion head (up to ~10-15%) was
found when the fiber content was at 18-25 vol %. For the first time, optimal parameters (which pertain
to medium-filled dispersions) for the structure of DFPCM based on PSF and short glass fiber are able
to be demonstrated.
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PaccuumaHsl cocmagsl U CnpoeKkmuposaHsl. cmpykmypel 0 cucmemst noaucyioegor (I1ICD)
+ Kopomkue cmekasaHHble 8os0kHa. IIpedcmasnena Kraccugurkayusi OUCnepCcHO-HANOJAHEeHHbLX
NOAUMEPHBIX KOMNOZUYUOHHbLX mamepuanos ([IHITKM) na ocroge IICP-190 no cmpyxkmypHomy

Toukue xuMudeckue TexHosoruu = Fine Chemical Technologies. 2019;14(4):39-44
39



The structure, composition and preparation of injection-molded composite materials ...

npuHyuny, ¢ yuemom obobueHHbIX Napamempos cmpykmypsl U YcmaHo8/eHA ONMUMANbHASL
obiacms co0epIKaHUst CMeKastHHO020 8010KHA (13.5-18.5% 06.). Onucara mexHosi02us noayue-
Hust [[THITKM Ha ocHoee TICD u KOpomKo20 cmerstHHO20 80/10KHA HA 08YXULHEK080M IKCMpPY-
Oepe pupmol Labtech Engineering Company LTD mapxu Scientific FIC 20-40 u onpedesieHbl
onmMuMaibHble napamempsl cmeueHust 0151 CO30AHUSL KOMNOZUYUT C ONUHOU CMEeKI080JI0KHA

b6osee |
xp

. Paccuumana kpumuueckas onuna () u nocmpoenst kpussle pacnpedeseHus 0J10K-

HAQ NO pasmepam 8 NOAUMEPHBLX KOMNOZUYUOHHBLX MAMEPUALAX HA OCHO8e NOJUCYIbCPOHA.
Bnepeble npugedeHbl 0aHHbLE NO ONMUMANALHbIM hapamempam cmpykmypst JJHITKM Ha ocHo-
ge IICP u KOpomKUX CMEKNSHHBIX B0IOKOH, KOMOPble COOM8emcmayom cpeoHeHaANnoJHeHHbLM

ducnepCHbLM cucmemanm.

Knroueevle cnosa: nOJluchlepOH., KOMNO3UYUOHHble mamepuasibl, KpumuuecKasi O/lUHA 80JI0K-

HAa, KopomwrKue CmerJislHHble 80JI0KHA, cMmeuleHue.

Introduction

In order to improve physicomechanical
characteristics, heat-resistant engineering polymers
belonging to the polysulfone (PSF) class may be
modified by introducing fibrous fillers of different
nature, thus making them more diverse and applicable
in more situations.

The design of structures and compositions for
disperse-filled polymer composite materials (DFPCM)
should be performed according to the classification of
the system by the structural principle [1].

This work demonstrates data on generation (by
extrusion) of a PSF-based composite with varying
content of short glass fiber.

The selection of glass fiber content was performed
according to the classification of disperse systems by
the structural principle: diluted systems (DS), low-
filled systems (LFS), medium-filled systems (MFS)
and high-filled systems (HFS), taking into account the
generalized parameters of the structure for production
of injection-molded DFPCM.

The publication [2] showed that, for diluted
systems and low-filled systems, insignificant changes
in physicomechanical characteristics were observed.
The highest values were reached in the production of
medium-filled systems below the yield point (MFS-1)
and above it (MFS-2).

Materials and Methods

The Russian-made PSF-190 (JSC “G.S. Petrov
Institute of Plastics™) with the melt flow index (MFI) =10
¢/10 min (340 °C and 2.16 kgf) and the temperature interval
of production at 295-305 °C [3], as well as glass roving
EC17-1200 made by “Owens Corning”, the diameter of its
elementary thread is 13 um and its linear density is 2180
tex [4], were chosen as subjects of research.

'Owens Corning catalog, OCV Reinforcements [electronic
source]. URL: http://www.ocvreinforcements.com/pdf/products/
SingleEndRovings SE1200_ww_06 2008 Rev0.pdf

Polysulfone PSF-190 was dried at ~145 °C for 4 h
in vacuum until the residual humidity was no more than
0.02%.

The mixing of the components and control of fiber
content in PSF were performed during extrusion by
measuring the PSF feed rate with a gravimetric feeder, at
the constant rate of glass roving feed.

The mixing was performed on a twin-screw extruder
Labtech Engineering Company LTD (model Scientific
FIC 20-40). The scheme of the process, in which glass
filled PSF is produced, is shown in Fig. 1.
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Fig. 1. The scheme of the process in which glass filled PSF
is produced (keys see following in the text).

The laboratory extruder (Fig. 1), with the screw
diameter D_= 20 mm and L/D_ = 40, has 10 independently
heated zones with the following temperatures: zone 1 with
260 °C, zones 2-9 with 310 °C, zones 1011 with 295 °C.
The extruder has a degassing zone (zone 9).

In the process of producing glass filled PSF, the torque
was ~35-40 Nxm. The rotational speed of the extruder’s
screws was constant, V, = 300 rpm.

The glass roving was introduced into the extruder by
two different methods:

Method 1. The glass roving was introduced
continuously through a loading spout (position 13) into
zone 1 of the twin-screw extruder, at 260 °C, with linear
speed of fiber feed V= 18 m/min, and the rotational speed
of the extruder’s screws V| = 300 rpm. The glass fiber feed
rate was Q,= 36 g/min.

Polysulfone was introduced by a gravimetric feeder
(position 12) into the loading zone of the extruder (zone 1).
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The feed speed for PSF (V) was varied between 3 and 10
rpm, and the feed rate Q. was changing between 30 and
140 g/min.

Method 2. The glass roving was introduced through
a side twin-screw loader (position 14) into the PSF melt,
directly into zone 7 of the extrusion cylinder. The linear
speed of fiber feed was constant, V. = 1.3 m/min, and
the feed rate was 36 g/min. The rotational speed of the
extruder’s screws was V, = 300 rpm. Polysulfone was
introduced in the same way as in Method 1.

Glass fiber concentration in PSF was controlled
by measuring the PSF-190 feed rate with a gravimetric
feeder (position 12), while changing the rotational
speed of the feeder’s screw from 3 to 12 rpm, and with
the constant glass fiber feed rate Q.= 36 g/min.

Figure 2 shows the dependency of PSF-190 feed
rate on the rotational speed of the feeder’s screw (feeder
in position 12).
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Fig. 2. Dependency of PSF-190 feed rate (Q,,,)
on the rotational speed of the feeder’s screw
(feeder in position 12).

According to Fig. 2, if the rotational speed of the
feeder’s screw (feeder in position 12) grows from 3 to
10 rpm, then the PSF-190 feed rate increases from 40 to
140 g/min. It may be characterized by a linear function:
Q, = K(n — 4.2/K) = 14(n — 0.3), for the rotational
speed interval between 3 and 10 rpm, n is the rotational
speed of the feeder’s screw (feeder in position 12), K is
a proportionality factor.

The glass fiber content (¢,) in polysulfone, at the
constant glass roving feed rate Q. = 36 g/min, was
calculated as follows: ¢, = Q/(Q,¢. + Q)), where Q. is
PSF-190 feed rate, g/min; Q, is glass fiber feed rate,
g/min; @, is glass fiber content in PSF-190, mass fract.

In order to evaluate the influence of the structure on
the properties of the glass filled PSF, mass fractions (¢)
were re-calculated into volume fractions (¢, ).

Results and Discussion

In order to produce DFPCM based on glass
filled PSF with various structures and generalized
parameters, compositions for the filler of choice (glass
fiber) were calculated. For the short glass fiber, it was
experimentally determined that the maximum content
of glass fiber ¢ = 0.36 vol. fract. This was based on a
known approach [4].

The following Table summarizes the compositions,
generalized parameters of the structure for the disperse
system polymer—glass fiber, and DFPCM classification
by the structural principle.

The share of the polymer matrix in the boundary
layer and the generalized parameter of the structure M
for disperse systems with small specific surface area of
the filler were not taken into account in our calculations.

When the DFPCM structure changes from one type
to another, the change of the generalized parameter ®
leads to variation in technological characteristics and
operational properties.

For example, increase in the coordination number
of the lattice Z and packing density kpack; decrease
in the amount of polymer interlayer between disperse
particles (generalized parameter ®); and increase in
glass fiber content (¢,) lead to an increase in viscosity;
worse reprocessing; and a change in the mechanism of
DFPCM fluidity.

During the use of HFS structures with generalized
parameter ® < 0.20 vol. fract. and glass fiber
concentration higher than 0.27 vol. fract. in extrusion
process, while producing a string, breaks in the latter
have been observed, and extrusion became unstable.

To summarize, this granulation method has
limitations in the structural parameters of DFPCM.
To produce MFS-2 systems with ® between 0.45 and
0.20 vol. fract., and HFS with ® < 0.20 vol. fract., it is
necessary to use the “granulation on the tip” method.

For further experiments, DFPCM based on glass
filled PSF with the following parameters of the structure
were produced:

— low-filled systems LFS:
© =0.90 vol. fract. and ¢, = 0.09 vol. fract.;

— medium-filled systems MFS-1:
0 =0.73 vol. fract. and ¢ _, = 0.09 vol. fract.;
© =0.60 vol. fract. and ¢ _, = 0.135 vol. fract.;

— medium-filled systems MFS-2:

©® =0.45 vol. fract. and ¢ _, = 0.185 vol. fract.;
0O = 0.40 vol. fract. and ¢ _, = 0.21 vol. fract.;
© =0.27 vol. fract. and ¢ _, = 0.25 vol. fract.;

— high-filled systems HFS:
©® =0.20 vol. fract. and ¢, = 0.275 vol. fract.
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Compositions and generalized parameters of the structure for the glass filled PSF (¢, = 0.36 vol. fract., d =13 um)

Glass fiber content

Generalized parameters of the structure of DFPCM

o, » vol. fract. | ¢, mass fract. ®, vol. fract.
Low-filled DFPCM with 0.9 > ® > 0.75 vol. fract.
0.04 | 0.09 | 0.90
Medium-filled DFPCM with 0.75 > ® > (.2 vol. fract.
MEFS-1: 0.75 > ® > 0.45 vol. fract. (DFPCM below the yield point)
0.085 0.204 0.75
0.09 0.215 0.73
0.11 0.264 0.68
0.135 0.32 0.6
0.15 0.37 0.56
MFS-2: 0.45> ® > 0.2 vol. fract. (DFPCM above the yield point)
0.183 0.43 0.45
0.21 0.50 0.40
0.25 0.60 0.27
High-filled DFPCM with 0.2 > ® > 0.0 vol. fract.

0.275 0.66 0.2
0.285 0.69 0.016

0.3 0.82 0.01
0.34 0.82 0.01

Ultrahigh-filled DFPCM with ® <0 vol. fract.
0.37 0.864 0.1

Figure 3 demonstrates the dependency of the
short glass fiber concentration in DFPCM (method
2) on PSF-190 feed rate, in the feeder in position 12
(2) and in the exit from the extrusion head (1); with
the constant fiber feed rate 36 g/min.
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Fig. 3. Dependency of glass fiber concentration in DFPCM
on PSF-190 feed rate, in the feeder 12 (2) and in the exit
from the extrusion head (1).

Figure 3 shows that the feed rate data for the
extrusion head and the gravimetric feeder are the
same in the 75-150 g/min area; further decrease in the
feed rate to 25 g/min leads to a difference of ~15%.

In the process of the introduction of continuous
glass fiber and production of PSF-based DFPCM,
grinding and shortening of the fiber occur in the extruder,
which undoubtedly influences the physicomechanical
characteristics of the glass-filled material.

The publication [4] shows that production of highly
durable glass filled composites with short fibers, based on
polymer matrices, requires that the following condition
is satisfied: fiber length (1) should exceed the critical
fiber length (1 ).

The critical length (1) for “Owens Corning”
EC17-1200 glass fiber in PSF was calculated using the
following formula:

(o2

ZCV = _f ’ d
27
O-ﬂow

If we assume that 7 = , then

NE

Oy
I ~0.866-—-d

O-_ﬂow
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where 6, — tensile strength of glass fiber (2700 MPa);
d - fiber diameter (13 pm); o, — flow stress of PSF-
190 (76 MPa); t — shear stress on the fiber—polymer
matrix boundary, MPa.

The calculated critical length for “Owens
Corning” EC17-1200 glass fiber in PSF is ~220 pm.

To investigate the distribution of glass fiber
in PSF by size, we used the Mikrofot type 5PO-1
device, made by “Moskinap”, Russia. The samples
of glass fiber for this experiment were obtained by
two-step annealing of DFPCM in a muffle furnace, in
accordance with GOST-15973-82.

Figure 4 shows distribution by length for glass
fiber in PSF-based DFPCM, depending on the
method of introduction (method 1 — curve 5 and
method 2 — curves 1-4), with different fiber content.
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Fig. 4. Distribution of glass fiber by length in PSF-190.
Introduction by method 1 (curve 5) and method 2
(curves 1-4). Fiber content: 13.5 vol % (1, 5),
18.5 vol % (2), 21 vol % (3), and 25 vol % (4).

Fig. 4 indicates that, when glass fiber is introduced
into the loading zone of the extruder (method 1, curve
5), intensive grinding of glass fiber occurs, as a
result of dry friction with granulated PSF, screws and
the extrusion cylinder in the loading zone. In these
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conditions, fiber length in the composite material is less
than | , and the average length 1average ~ 150 pm.

The introduction of glass fiber directly into
the PSF melt in zone 7 of the extrusion cylinder
(curves 1-5) also results in fiber grinding (method 2).
However, in this case, fiber length for the 13.5 vol %
and 18.5 vol % situations is 1average ~ 400 um, which
is almost double of the critical length of fiber in PSF
(I, = 220 um). For composites with 25 vol % fiber
content, the average length is ca. 300 pm, which is
approximately 1.5 times higher than 1_.

The tensile strength of the DFPCM based on PSF
and glass fiber, with laverage ~ 400 pm and fiber content
13.5-18.5 vol %, reaches the maximal value of 120
MPa. This is 1.7 times higher than for the polymer
matrix, and it is no worse than for foreign-made
analogs.

When glass fiber is introduced by method 1, fiber
length in the composite material is less than I, (lZwerage ~ 150
um), and the tensile strength of the DFPCM does not
exceed 75 MPa, which is almost the same as for PSF. In
this case, glass fiber does not work as a reinforcing filler.

Conclusions

PSF formulations containing short glass fibers
were designed based on the theory of lattices and
packing. They were classified by the structural
principle, and the optimal glass fiber content was
determined to be 13.5-18.5 vol %.

The production technology of DFPCM based on
PSF and short glass fiber (method 2) was described,
and the optimal mixing parameters to create
composites where glass fiber length exceeds 1 were
determined.

For the very first time, data on the optimal
parameters of the structure for DFPCM based on PSF
and short glass fiber was presented, which conform
to the parameters of medium-filled disperse systems.

Acknowledgments

The authors are grateful to the staff of the Laboratory of
Composite Materials Technology at JSC “G.S. Petrov Institute
of Plastics” for assistance in the study.

The authors declare no conflicts of interest.

Crnucok JuTepaTypbl:

1. CumonoB-Emenssnos 1.1, ITocTpoeHue cTpykTyp B
JMCIEPCHO-HAIIOJIHEHHBIX MOJMMEpaxX U CBOMCTBA KOMIIO3U-
HMOHHBIX Marepuaiios // [Tnactuueckue maccol. 2015. Ne 9-10.
C. 29-36.

2. Muxaiinun I0.A. TepmoycToiiunBbIE IOJIUMEPHL
n nonumepnsie Marepuansl. CII6.: Ilpodeccus, 2006.
259 c.

Tonkue xuMudeckue TexHosoruy = Fine Chemical Technologies. 2019;14(4):39-44

43



The structure, composition and preparation of injection-molded composite materials ...

3. Baranov A.B., Peksimov O.E., Prudskova T.N.,
Andreeva T.1., Simonov-Emel 'yanov I.D., Shembel N.L. Study
on technology characteristics materials based on polysulfone.
Tonkie khimicheskie tekhnologii = Fine Chemical Technologies.
2016;11(5):87-90 (in Russ.). https://doi.org/10.32362/2410-
6593-2016-11-5-87-90

4. Simonov-Emel 'yanov 1.D., Spembel” N.L., Prokopov
N.I., Ushakova O.B., Surikov P.V., Markov A.V. Methods
for determination of technological properties of fillers and

3. bapanoB A.b., [lekcumos O.E., [1pyackosa T.H., An-
npeesa T.U., CumonoB-Emenbsinos 1. /1., [llemoens H.JI. Uc-
CJICZIOBAHME TEXHOJIOTHYECKUX XapaKTePUCTUK MaTepPHaJIOB Ha
ocHoBe mnonucyibdona // ToHKHE XMMHUYECKHE TEXHOJIOTHH.
2016. T. 11. Ne 5. C. 87-90. https://doi.org/10.32362/2410-
6593-2016-11-5-87-90

4. Cumonos-Emenssnos N.J1., [llem6ens H.JI., TTpoko-
noB H.U., Ymakoa O.b., Cypuxos I1.B. Metons! onpenerne-
HUS TEXHOJIOTHYECKHUX CBOMCTB HAITOIHUTENEH U TIOTUMEPHBIX

polymer materials. Moscow: Publishing and Printing Center of Marepuanos. M.: UIILL MUTXT, 2014. C. 63-74.

MITHT, 2014;63-74 (in Russ.).

About the authors:

Artyom B. Baranov, Postgraduate Student of the Chair of Chemistry and Technology of Plastics and Polymer Composites,
M.V. Lomonosov Institute of Fine Chemical Technologies, MIREA — Russian Technological University (86, Vernadskogo pr.,
Moscow, 119571, Russia). E-mail: gsefdesx@gmail.com. Scopus Author ID 57194107911

Tatyana I. Andreeva, Dr. of Sci. (Engineering), First Deputy General Director, JSC “G.S. Petrov Institute of Plastics”
(35, Perovskii proezd, Moscow 111024, Russia). Scopus Author ID 7005954791

Igor D. Simonov-Emely anov, Dr. of Sci. (Engineering), Professor, Head of the Chair of Chemistry and Technology
of Plastics and Polymer Composites, M.V. Lomonosov Institute of Fine Chemical Technologies, MIREA — Russian Technological
University (86, Vernadskogo pr., Moscow, 119571, Russia). Scopus Author ID 6603181099

Oleg E. Peksimov, Head of the Testing Laboratory, JSC “G.S. Petrov Institute of Plastics” (35, Perovskii proezd, Moscow
111024, Russia).

06 aemopax:

Bapanoe Apmem Bopucoeuu, acnypaHT Kadeapsl XMMUU ¥ TEXHOJIOTHH MEpepadOTKU TUIACTMACC M TOJUMEPHBIX
KOMI03uTOB MHCTHUTYTa TOHKUX XUMHUYecKkuX TexHonoruii umenn M.B. Jlomonocosa @®I'BOY BO «MHUPOA — Poccuiicknii Tex-
Hosornveckuid yausepcute™ (Poccusi, 119571, Mocksa, nip. Beprazckoro, a. 86). E-mail: gsefdesx@gmail.com. Scopus Author
ID 57194107911

Anodpeesa Tamwvsina HeaHOBHQA, IOKTOP TEXHHYECKHX HayK, MEPBBIH 3aMECTHTENb TeHEPATbHOro aupekropa AO
«Muctutyt mmactmace um. I.C. TlerpoBa» (Poccusi, 111024, Mocksa, ITepoBckuii mpoess, a. 35). Scopus Author ID 7005954791

Cumonoe-Emenvsinoe Hzops [Imumpueseuu, TOKTOp TEXHIIECKHX HayK, Ipodeccop, 3aBeayIONHii kadeapoi XUMUH
U TEXHOJIOTUH NepepaboTKU IIACTMAcC U MOJIMMEPHBIX KOMIIO3UTOB VIHCTUTYTa TOHKMX XMMHYECKUX TexHonoruit umenu M.B. Jlo-
MoHocoBa ®TBOY BO «MUPDA — Poccuiickuii Texnonornueckuii yuusepeuter» (Poccus, 119571, Mocksa, np. BepHazackoro, 1.
86). Scopus Author ID 6603181099

ITexccumoe Onez EezeHbeeuu, HavaibHUK Jlabopatopuu ucnbitannidi AO «MuctutyT mactmace um. I.C. TlerpoBay
(Poccus, 111024, Mocksa, [lepoBckuii mpoesn, 1. 35).

For citation: Baranov A.B., Andreeva T.I., Simonov-Emel’yanov I.D., Peksimov O.E. The structure, composition and preparation
of injection-molded composite materials based on glass-filled polysulfone. Tonkie Khimicheskie Tekhnologii = Fine Chemical
Technologies. 2019;14(4):39-44 (in Russ.). https://doi.org/10.32362/2410-6593-2019-14-4-39-44

Jna yumuposanun: bapanos A.b., Auapeesa T.U., Cumonos-EmenssaoB 1.1, [lekcumoB O.E. Ctpykrypa, cOCTaBbl U Mosryyde-
HHUEC JINTHECBBIX KOMIIO3UIIMOHHBIX MAaTCPHUaIOB HA OCHOBE CTCKJIOHAIIOJITHCHHOI'O l'IOJ'H/ICyJ'Ib(IJOHa // ToHKHE XUMHUYECKHE TEXHOJIO-
ruu. 2019. T. 14. Ne 4. C. 39-44. https://doi.org/10.32362/2410-6593-2019-14-4-39-44

Translated by R. Trikin

Tonkie Khimicheskie Tekhnologii = Fine Chemical Technologies. 2019;14(4):39-44
44



	ТХТ_4_2019_EN1
	ТХТ_4_2019_EN2
	TKHT_2019_4_v pechat
	ТХТ_4_2019_EN3
	ТХТ_4_2019_EN4



