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B pabome npedcmasnensl pe3ynbmampl IKCREPUMEHMATIbHBIX UCCIE008AHUTL (Pa308020
Pasnogecus ¢ cucmemax «cmecy naacmuukamopos - nopooopazoeamenvy. B kauecmee nnacmu-
uxamopos ucnonvzosanuce ouokmungmanam, oymunobensungpmanam, ouxpesuigocgham, é Ka-
yecmee nopooobpazoeameiieli — nPocHble 0AUZO0IPUPLL (IMULEHZTUKONb, OUIMUIECHZAUKOTb, MPU-
Imunenznuxkos). boin nposeden Ixcnepumenm u nocmpoensl mpoitHvie hazoevie OUAZPAMMbL CO-
CMoAHUA OaHHbIX cucmem. Boviaeneno, umo nnacmuuxamop ougenunkpesungocham umeem
HOHYI0 COBMECHMUMOCHb C OUIMUTEHZTUKOIEM U MPUIMUTIEHSTIUKOTEM, HO He CO8MeCHUM C IMU-
nenznukonem. Haiioenvt cocmaewt, npu Komopwvix mpoiinble cucmemsvl «OymunbeH3uipmanam -
oughenunkpesungpocpam — npocmele oauzoIPupvly AeAAOMCA 20Mmo2eHHbIMU. [Ina cucmem, co-
oeporcamjux 8 ceo0em cocmage mpuIMUIEH2IUKOb, KOJIUYECHEO OO0JIHCHO COCHABIAML He MeHee
20%, a npu éeedenuu ourmunenziukons — ne menee 30%. llpu exkniouenuu ¢ KOMRO3UYUIO 6 Kaue-
cmee 6mopozo niacmuukamopa ouokmuipmanama, 0011 nopooopazosamereli 00IHCHA NPeGbl-
wamo 70%. Aemopamu npeonoricena yCmaHoBKka 011 onpeoesieHus )azo6020 PasHo8eCUs HCUOKUX
cucmem. Ilo pezynomamam ucciedosanuit 0viiu pazpadomansvl COCMAGyl U MEXHOI02UYeCKUll pe-
JHCUM ROJIYUEHUS NOPUCHIBIX NIEHOK HA OCHO6€ NONUBUHUIXTOPUOA MEMOOOM MEPMUUECKOZ0
opmosanua. Beioop memooa popmosanus 00ycioenen paoom npeuMyuiecme no CpPaAGHEHuIo ¢
opy2umu, WIUPOKO UCHOIb3YEMbIMU MEMOOAMU NOTYYEHUA NOPUCHBIX NIIEHOK U MeMOpPan: nosyue-
HUue mamepuanog ¢ y3Kum pacnpeoeieHuem nop no pamepam, 00CHamouHoil RPOYHOCMbIO, INa-
CMuU4YHOCHbI0, OMKpbimoil nopucmocmouio. Ilonyuensl o06pazuybl nHa ocHoee NOAUBUHUIXNOPUOG
IMYAbCUOHHOU MaApKu, Oymundenzuipmanama, ougenunkpesungocghama u 0eyx 6uodos nopooopa-
3068ameneii: MpUIMUIEHZIUKONL U Oudmuaenziukons. Temnepamypa npoeedenus ghazouneepcu-
OHHO020 mepmuueckozo npoyecca - Ha yposte 180 °C. B xo0e rsxcnepumenmanbHbIX UCCAe006aHUT
RnOIYYeHbl NOPUCHIbIE MAMEPUATBL CO CIEOYIOWUMU CEOUICEAMU: OMKpPbimasn nopucmocmo 38-44%,
npounocms npu paspwige 1,0 — 1,2 MIla, omnocumensvnoe yonunenue 43-63%, maxcumanvHolii pas-
mep nop (2,3 — 2,8)-10° m, cpednuii pasmep nop (0,5 — 1,1)-10° m.
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In this work, we report on phase equilibrium in systems «plasticizer mix - blowing agenty.
Dioctiphthalate, butylbenzylphthalate and dicresyl phosphate were used as plasticizer, and simple
oligoesters (ethylene glycol, diethylene glycol, triethylene glycol) served as a blowing agent. We
conducted an experiment and built triple phase diagrams. Diphenylcresylphosphate proved to be
fully compatible with diethylene and triethylene glycol, but not to the ethylene one. Triple systems
«Butyl benzyl phthalate - Diphenylcresylphosphate - Simple oligoesters» turned out to be homo-

W3B. By30B. Xumus u xuM. TexHonorus. 2020. T. 63. Beimn. 5



N.A. Xpucrtodoposa, A.1. Xpucrodhopos

geneous for several created compounds. To achieve this for a triple system, the minimal quanti-
ty threshold is either 20% of triethylene glycol or 30% of diethylene. As for the case of dioctyl
phthalate for second plasticizer, the minimal threshold for blowing agents is 70%. We con-
structed a device that allows to detect phase equilibrium for liquid systems. We devised several
compounds and a technological proccess for creating porous PVC-based membranes using
thermal molding. We selected such molding due to several advantages when compared to other
methods for producing porous membranes, such as: required density, elasticity, open pores, and
narrow pore size distribution. We managed to create several samples based on emulsion type
PVC, butyl benzyl phthalate, diphenylcresyl phosphate, diethylene and triethylene glycol. Dur-
ing the phase inversion thermal process temperature should be around 180 degrees of celsium.
Porous materials have the following properties: open porosity 38-44%, breaking strength
1.0 — 1.2 MPa, relative extension 43-63%, maximal pore size (2.3 — 2.8)-10° m, average pore

size (0.5—1.1)-10° m.

Key words: PVC, platicizer, blowing agent, phase inversion thermal process, porous materials,

membranes
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INTRODUCTION

Porous PVC-based membranes can be pro-
duced in different ways: either wet or dry molding,
sintering, phase inversion thermal process. The latter
method is the simplest one from the technological
point of view [1]. This process implies required in-
gredients (PVC, platicizer, blowing agent) are to be
mixed and placed in a metal mold with layer thikness
in range (0.2-0.6)-10 m. The mold with polymer is
placed in heat chamber for heat treatment (with air
convection) by temperature range 130-180 °C. After
that the mold is retrieved from the chamber and is
cooled down together with compound on air. The
problem with molding porous membranes this way is
that in order to achieve required durability one has to
wash blowing agent out of pores. The process takes
places at room temperature in the bath with running
water. Afterwards the membranes are dried in order to
remove moisture. As a result there is air in the pores.

Thermal process has several unique features.
For example, the pores with finite structure have
spherical shape. Diameter of each cell ranges from
1 to 10 um. Either holes or pores between those cells
have diameter in range from 1 to 10 nm with a narrow
distribution of pore size. Only thermal process makes
it possible to produce isotropic porous structures of
large thickness.

Porous PVC-based materials are used as bat-
tery pack separators, sensors for electronic devices [2, 3],

breathable membranes serving for waterproofing of
attic space and roofs [4-10], foundations, construc-
tions, bridges and tunnels [11], decoration and sound
absorbing materials [12, 13], water purification mem-
branes [14-17]. They are also used as porous carriers
for insecticides, perfumes and other substances
[18, 19].

In this paper we study phase equilibrium in
systems «Plasticizers (mix) — blowing agent» in order
to produce open-pore materials.

EXPERIMENTAL TECHNIQUE

Fig. 1 shows the device required for conduct-
ing a research of phase equilibrium when dealing with
systems «plasticizer (mix) — blowing agent». First one
must prepare the device. In order to achieve this, mixer 4
of thermostatic bath 2 is connected to electricity grid
via transformer 1 (U = 220 V). Heater 3 and bath are
heated until the required temperature controlled using
thermometer 5. Every temperature requires specific
voltage. The original system 13 (either single or two-
component) is placed inside cuvette 12.

After that both mixer 14 and heater 3 are
turned on, followed by adjusting the temperature of
experiment. The speed of mixers 8 and 9 is adjusted
by using transformers 6 and 7. After that one more
ingredient from burette 10 is added slowly without
temperature change using drop counter 11, until
content of cuvette 12 becomes persistently turbid
by sight.
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The composition is calculated and phase equi-
librium diagram is built. Another variation of this ex-
periment assumes that the compound remains the
same, but the temperature is adjusted slowly in order
to find the temperature of system becoming visually
turbid. After stabilizing the temperature one can
change the composition again and find the point of
turbidity for the new composition. Thus it is possible
to study diagrams of triple systems.
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Fig. 1. Device for determining the phase equilibrium in systems
«plasticizer — blowing agent»: 1,6,7 — transformers; 2- thermo-
static bath; 3 - heather; 4 — mixer; 8,9 — mixers electric motors;

5 — thermometer; 10 — burette; 11 — dropper; 12 — cuvette;
13 - initial solution; 14 — mixer

Puc. 1. Cxema ycTaHOBKH 17151 onpeiesieHust (ha30BOro paBHOBECHSI B
CHCTEME «IUTacTH(HKATOp — MopoodpaszoBarenby: 1,6,7 - Tpanchopma-

TOPBI; 2 — TepMOCTaTUpyroLas 0aHst; 3 — HarpeBareb; 4 — MelIaKa;

8,9 — anekTpoABUTaTENN MEIIATOK; 5- TepMoMeTp; 10 - OropeTka;

11 — xanenpHuIIA; 12 - KOBeTa; 13 - HCXOHBIA PACTBOD;
14 — memanka

RESULTS AND DISCUSSION

Paper [20] lists research for double and triple
phase diagrams in systems «plasticizer — blowing
agent — modifying additive». As plasticizers authors
used butyl benzyl phthalate (BBP), dioctyl phthalate
(DOP), dialkyl phthalate (DAP). Triple (TEG), dou-
ble (DEG) and single ethylene glycol (EG) served as
blowing agent, while butyl cellosolve (BC) served as
modifying additive. However, usage of BC in techno-
logical process is limited due to its boiling tempera-
ture (171.1 C), hence limiting the temperature of pro-
ducing porous products to 155 °C. Therefore, we de-
cided to research the possibility of using high-
temperature boiling liquids. We have chosen diphe-
nylcresyl phosphate (DPCP) — plasticizer for PVC.
We used the mix of BBP and DPCP since products
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produced by simple DPCP tend to have large shrink-
age. This is not acceptable in producing porous mate-
rials. Plasticizer mix eliminates this flaw. DPCP is
mixed with DEG and TEG. Its high boiling tempera-
ture (390 °C) increases varying range of technological
modes when making products. We built triple dia-
grams (plasticizer mix — blowing agents) at tempera-
ture 20 °C in order to determine solvent composition
and range of homogeneous state, as shown in Fig. 2.

[AQKD]
[DPCP]

100 % [IIO]

L.

100 %
[BBO]
[BBP]

Fig. 2. Triple phase diagram for BBP — DPCP — blowing agent
system state (BA): 1- TEG; 2 — DEG (20 °C)

Puc. 2. Tpoiinas ¢a3oBas muarpamma coCTOsIHASL cucTeMbl BbO -

JDKD - mopoobdpazosarens (I10): 1 - TOT; 2 - BT npu 20 °C

As one can see, to make BBP-TEG system
homogeneous at 20 °C, DPCP concentration should
be at least 20 %, and for BBP-DEG this number is at
least 30 %. It turned out impossible to get the bounda-
ry for disintegration into phases in case of BBP-EG-
DPCP due to full incompatibility of EG with DPCP.

Similar research was conducted for DOP plas-
ticizer. According to result diagram heterogeneous
state covers almost all the diagram, and the area of
open-porous structure genesis is very small (Fig. 3).

[IDPKD] Vz 100 % [TIO]
[DPCP] /&//’//' [BA]
50 %ﬁ%ﬂ/ 50

N
N
0 50 100%
[10®]
[DOP]
Fig. 3. Triple phase diagram for DOP — DPCP — blowing agent
system state (BA): 1- TEG; 2 — DEG (20 °C)
Puc.3. Tpoitnas ¢azosas auarpamma cucreMsl 10D - [JOKD - mo-
poobpazosarens (I10) mpu 20 °C: 1 - TOI; 2 — ABI

100%
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In order to make system homogenous, DPCP
concentration should be at least 70 % using either
TEG or DEG. Boundary curves disintegration into
phases are practically identical. Therefore, blowing
agent does not influence system state.

BBP based systems have the smallest area of
heterogeneous state (Fig. 2). Therefore, further re-
search was conducted using multi-component solvent.
BBP and DPCP mix was used for plasticizer, and ei-
ther TEG or DEG was used as a blowing agent.

Based on the conducted research porous ma-
terials were produced at temperature 180 °C with
15 min duration.

For TEG the best properties had materials
produced with composition [PVC] = 40%, [BBP:
DPCP:TEG] = 0.8:0.2:2.0 = 60%.

Material properties are: open porosity W — 44%,
breaking strength o, — 1.0 MPa, relative extension
& — 63%, maximal pore size dya — 2.8:10° m, average
pore size d, — 1.1:10° m, vapor permeability —
410 g/(m*day), sound absorption coefficient —
0.74 (1000 Hz), apparent density — 660 kg/m?®, operat-
ing temperature range -15...+60 °C.

For DEG the best properties had materials
produced with composition [PVC] = 40%, [BBP:
DPCP:DEG] = 0.43:0.57:2.0 = 60%. Material prop-
erties: W = 38%, o, = 1.0 MPa, € = 43 %, Opax =
2.3:10°m, d,, = 0.5-10° m.
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CONCLUSION

Experiment data shows that the usage of plas-
ticizer mix (DPCP+BBP (DOP)) is efficient enough
for lowering the critical temperature of disintegration
when dealing with systems «plasticizer — blowing
agents». Research indicates that DPCP is unlimited
when mixing with either TEG or DEG, but is incom-
patible with EG. The BBP-TEG system is homoge-
nous at 20 °C for 20 % concentration of DPCP and
30 % for DEG. As for DOP-TEG and DOP-DEG mix,
concentration of DPCP should be at least 70 %.
Usage of pure DPCP in mix with either TEG or DEG,
as shown in preliminary researches, is unacceptable
due to high shrinkage of product — more than 8 %.

Usage of triple solvent butyl benzyl phthalate —
diphenylcresyl phosphate — glycols at 20 °C in ho-
mogenous state allows to produce open-pore materials
both for TEG and DEG serving as blowing agent.

In case of using DEG as blowing agent one
needs higher dose of second platicizer diphenylcresyl
phosphate (at least 30 percent) to achieve homoge-
nous state, compared to usage of TEG (at least 20 %).

The best material produced using DEG has
properties in summary inferior to material produced
using TEG.
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