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The sequence of introduction of plasticizers in relation to the other components, and
mainly in relation to the stabilizers, in PVC-compositions has a marked effect on the
compatibility and efficiency of the action of plasticizers, and hence on the whole
complex of their physical and mechanical properties.

The impact strength, determined by the work required for the destruction of the
standard sample in the standard diagram of impact loading is extremely sensitive to
material brittleness. Its variation reflects the effect of the sequence of plasticizer
introduction on the dynamic-mechanical behaviour of PVC-compositions and the
problem is treated in relation to the effect of plasticizer nature, the amount of
plasticizer introduced into the composition, and testing temperature.
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INTRODUCTION

Present PVC-compositions are multi-component systems consisting
of mixtures of plasticizers, stabilizers, lubricants and high-melting
dispersion additives.

The sequence of introduction of plasticizers and their mixtures in
PVC-compositions has a considerable effect on their compatibility
and efficiency, particularly in cases when the stabilizers are structur-
ally active high-melting dispersion additives. The introduction of
plasticizers, differing in nature and in amount, at a varied sequence
in relation to the other components of the composition (in a special
case stabilizers only) has a marked effect on the whole complex of
physical and mechanical properties of PVC-composition.'

The investigation of the problem in relation to the increase of
cold resistance of PVC-compositions is of high practical interest in
view of the reliable exploitation of polymers and polymer materials
at low temperatures.?

The impact strength, determined by the work required for the
destruction of the standard sample in the standard diagram of
impact loading (Dinstat method) is sensitive to material brittleness
and has a direct relation with the cold resistance of the polymer
materials.’

There are premises, based on thermomechanical investigations
and investigations on the temperature dependence of tangent on the
angle of mechanical losses (coefficient of mechanical losses), permit-
ting the forecast for improved mechanical behaviour of PVC-
compositions at low temperatures. At these conditions, strong in-
fluence is to be expected for the sequence of introduction of the
components in PVC at low additives concentrations, and a slight
manifestation of this effect at 40 wt% of plasticizer.?

The investigations made by the authors earlier, at concentration
range of 1-15wt% of plasticizer and separately at 40 wt% of
plasticizer give grounds for the assumption for common regularities
related to the sequence of introduction of the components and its
effect on the impact strength at low temperatures in the whole
concentration range, i.e. from 0.25 to 40 wt%.*°

It is the aim of the present work to disclose the common reg-
ularities in the effect of sequence of components introdution in a
three-component system (polyvinylchloride-stabilizer-plasticizer) on
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impact strength at low temperatures, and hence indirectly on cold
resistance of PVC-composition.

EXPERIMENTAL PROCEDURE

Polyvinylchloride composition based on suspension polyvinyl-
chloride with K, = 68 is the object of investigation. Three-basic lead
sulphate (3PbO.PbSO,.H,0) is used as a stabilizer. The amount of
its introduction, i.e. 1 wt%, is chosen on the basis of earlier investig-
ations? on the effect of three-basic lead sulphate on the efficiency of
plasticizers and their mixtures in three-component PVC-
compositions, this amount remaining constant throughout all tests—
1wt%.

Two plasticizers differing in chemical nature are chosen: Diizooc-
tylphthalate (DIOP) and Dioctyladapinate (DOA), and their mix-
ture of 1:1 ratio is used in line with them. The levels of variation of
the amount of plasticizer introduced in PVC are chosen from three
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FIGURE 1 Diagram of the experiment carried out for investigation of the
dynamic-mechanical behaviour of PVC-compositions at low temperatures.
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TABLE 1

Controllable factors

Level of variation of the factors”

Total
Controllable factors® number Measure Levels
1. Test temperature (A) i=3 °C —40; —50; —60
2. Concentration of the ,
plasticizer introduced (B) f=4 wt% 0.25: 1; 15; 40
3. Sequence of plasticizer k=2 — stabilizer-plasticizer
introduction as related (straight); plasticizer-
to the stabilizer (C) stabilizer (reverse)
4. Type of plasticizer (D) =3 — DOA; DIOP;

DOA +DIOP (1:1)

2 Control (controllable factor) is effected on the amount of the stabilizer introduced,
being a constant value—1 wt%
Y The reiterations for every test are five (m = 5).

characteristic concentration ranges, following,” i.e. 0.25-1 wt%; 1-
15 wt%; and 15-40 wt%, thus covering completely the concentra-
tion range of 0.25-40 wt%.

Stabilizers and plasticizers are introduced in PVC at a varied
sequence: PVC-stabilizer-plasticizer (straight sequence) and PVC-
plasticizer-stabilizer (reverse sequence). The samples are prepared
from a dryblend in which the components are introduced in the way
already pointed out.

Impact strength is determined on standard samples at a single-
bracket impact bending following Dinstat diagram, and test temper-
ature varies so that it covers the cold resistance range.

At these conditions, a four-factor experiment is made following
the diagram shown on Figure 1, with five observations for each test,
with factors and levels of variation, enlisted in Table I.

The test data is processed using the method of the four-factor
dispersion analysis with reiteration of tests.®

RESULTS AND DISCUSSION

Table II presents the results from impact strength tests, made at
—40 down to —60°C temperatures following the scheme of the
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complete factor experiment. The average value of impact strength
for each test is also given.

The results from the statistical analysis of the experimental results
obtained are enlisted in Table III. The experiment as a whole is
reproducible and this enables data processing by the method of the
dispersion analysis, i.e. dispersions are homogeneous, and the model
is reproducible in terms of factors and time.

The experiment scheme suggests not only a resultant experiment
disclosing the effect of each of the major controllable factors, but
also a possibility for disclosing the effect from the mutual influence
of the independent factors.

The structure of the data in accordance with the method of the
four-factor dispersion analysis with reiteration of tests could be
expressed by the following:

Xiikm= b+ a; + B; + v, + 8 +(aB);; + (@y)i +(ad)y
+(BY)ik + (B8 + (v8) i + (B )ijp + (v0at )y
+(BY8)jiq + (8aB)y; + (aBY8)in + €t (1)

where p is total average (X); a;, B;... is the effect from the
displacement %, %;, %, and % in relation to X or (%;—X), etc.;

(aB);... is the effect from the interaction of two factors;

(aBy)ij... is the effect from the interaction of three factors;

(aBy8)i is the effect from the interaction of four factors;

ilm 1S error.

The dispersion analysis of the experimental data is presented on
Table IV.

The effect of the major factors is significant at 1% level of
significance (confidence probability 99%). Insignificant are the
effects from the interaction of temperature-sequence of plasticizer
introduction (A XC) and the interaction of temperature-
concentration-sequence of plasticizer introduction (A X B X C).

The verification of the statistical hypothesis for equal action of the
major factors and interactions at 5% level of significance (confi-
dence probability 95%) leads to a very interesting conclusion, Table
V: the effect from the action of the major independent factors A, B,
C and D is equivalent to 95% probability.

Another interesting result is obtained from the comparison of the
effects from (Cx D) and (A XB), as well as (CxXD) and B. 1t is
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TABLE III

Statistical analysis of the experimental data

1. Verification of the hypothesis G,(72;4)=0.0317 < G(0.95; 72; 4) = 0.0419
for homogeneity of the order of < G(0.99;72;4)=0.0489
dispersions (Cohren’s
Criterion) (G)

2. Assessment of dispersion for

reproducibility (Sy?) Sy2=0.6893 at & =288
3. Assessment of dispersion for
average value (57°2) 8§92=0.1379 at =288
4. Student’s criterion (t) t(0.95; 5)=2.57
5. Deviation of the average value
with 95% probability (Axg gs) Axgygs=10.427 kJ/m?
TABLE IV

Dispersion analysis of the experimental data

Non-displaced
assessment of

Number of the dispersion Fischer’s Fischer’s

Source of Sum of the degrees of of the general Ratio of the criteria criteria

variations squares, Q freedom, ® totality dispersions Fyos Foo0
A 204.54 2 102.27 11.46 3.00 4.61
B 4407.20 3 1469.07 164.60 2.60 3.78
C 198.33 1 198.33 2222 3.84 6.63
D 424 .84 2 212.42 23.80 3.00 4.61
AXB 199.51 6 33.25 3.72 2.10 2.80
AXC* 17.91 2 8.96 1.00 3.00 4.61
A XD 140.66 4 35.17 3.94 2.37 3.32
BxC 376.54 3 125.51 14.06 2.60 3.78
BxD 602.79 6 100.46 11.26 2,10 2.80
CxD 348.70 2 174.35 19.53 3.00 4.61
AXBxC* 87.37 6 14.56 1.63 2.10 2.80
BxCxD 390.46 6 65.08 7.29 2.10 2.80
CxDxA 149.24 4 37.31 4.18 2.37 332
AXBXCXxD 794.98 12 66.25 7.42 1.75 2.18
Error E 2677.43 300 8.92 —_ — —
Total: 11020.53 359 — — — —

“These effects of interaction occur to be insignificant for the conditions of the experiment, i.e.
these dispersions compared to the intergroup error are negligible. They are not a source of
variation in the system.
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TABLE VI

Dispersion analysis of the experimental data—a mode! excluding temperature

Non-displaced
assessment of

Number of the dispersion Fischer’s
Source of Sum of the degrees of of the general Ratio of the criteria,
variation squares, Q freedom, @ totality dispersions Fyoo
B 4407.20 3 1469.07 115.55 3.78
C 198.33 1 198.33 15.60 6.63
D 424 .84 2 212.42 16.71 4.61
BxC 376.54 3 125.51 9.87 378
BxD 602.79 6 100.46 7.90 2.80
CxD 348.70 2 174.35 13.71 4.61
BxCxD 390.46 6 65.08 5.12 2.80
Error E 4271.66 336 12.71 — —
Total: 11020.53 359 — — —

quite evident that in selecting the plasticizer and the sequnce of
introduction of the components a higher effect is obtained compared
to the case of selection of the amount of plasticizer depending on
material test temperature. Also, through a suitable selection of the
plasticizer and the sequnce of its introduction the amount of plas-
ticizer introduced in PVC-composition could be reduced, the effi-
ciency of the plasticizer remaining the same.

On the basis of the model as-obtained a model is built for the
effect investigated without the participation of samples test tempera-
ture, Table VI, where the established regularities are more clear.
The model is obtained through including the effect of factor A into
error E. Further, investigation is made for the basic sources of
variability of the system, related to the problem under considera-
tion.

All effects from the major independent factors and from the
interactions are significant at a level of significance of 5% (confi-
dence probability 95%), Table VI. The verification of the statistical
hypothesis for equal action of the factors and the interactions is
presented in Table VIIL.

The major conclusions from the investigation made could be
summarized as follows:

The sequence of introduction of the plasticizer independent of its
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TABLE VII

Verification of the statistical hypothesis for uniform action of the factors and the
interactions (confidence probability 95% )—a model excluding temperature

Factors and Interactions BXC+BxD+
interactions B C D BxC BXxXD CxD BXCxD CxXxD+BXCxD

B x 0 0 i} [} 0 (‘] 6

C x 0 0 0 0 0 0

D x 0 0 0 0 0

BxC X 0 0 0 0

BxD X 0 0 0

CxD X 4} 0

BxCxD X 0
BXC+BxD+CXD+BxCxD X

chemical nature and its concentration (0.25 to 40 wt%) affects
confidently the impact strength of PVC-composition at low temper-
atures (from —40 down to —60°C, in accordance with the investiga-
tion conditions).

The independent action of the sequence of introduction (C) of the
plasticizers and their mixtures is equivalent to the independent
effect of concentration (B) and of the chemical nature of the
plasticizer (D), i.e. one more degree of freedom results for the
control of the properties of PVC-composition, and this being of
pure organizational nature.

The interaction (B X C) of introduced plasticizer concentration
and sequence of components introduction is equal in effect to the
independent factors of plasticizer chemical nature (D) and introduc-
tion sequence (C). High plasticizer efficiency results at low concent-
ration and reverse sequence of plasticizer introduced.

The interaction (CX D) of chemical nature of plasticizer and
introduction sequence in effect of influence is equal to the major
independent factors. High efficiency results from the introduction of
the mixture of both plasticizers DIOP+DOA (1:1) and at reverse
plasticizer introduction sequence.

Very good are the characteristics obtained at low concentrations
of the plasticizers DOA and DIOP+DOA, and this shows the effect
from the action of (B X D).

The regularities observed permit conclusions to be made for the
sequence of introduction of plasticizers in the three-component
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system of PVC-stabilizer-plasticizer** to be spread for the whole
concentration range of 0.24-40 wt%.

The properties of PVC-compositions (impact strength at low
temperatures, cold resistance), in accordance with the investigation
made, could be controlled also by the variation in the sequence of
introduction of the plasticizers and their mixtures. Here, in the
statistical model describing this effect there also will be present
mixed members of second order and higher, and this shows that the
choice of the components and the technology of introduction should
follow an optimization procedure for searching a global extremum.

CONCLUSIONS

The investigations of the impact strength of PVC-compositions at
low temperatures show the significance of the established effect of
the sequence of components introduction into the composition
which could be used for the control of their properties. It could be
considered as one more possibility for regulating the properties of
PVC-compositions and for the control of the efficiency of plasticizer
action in a wide concentration range.

The present investigation directs our attention to the use of small
amounts of plasticizers and mixtures of plasticizers through the
variation in the sequence of components introduction with the
ultimate goal of improvement of the properties of PVC-
compositions.

It was found that the addition of the plasticizer before stabilizer
introduction into the polymer composition results in higher plas-
ticizer efficiency and a better dynamic-mechanical behaviour of the
PVC-composition at low temperatures.

Considerable savings of plasticizers could be achieved at the same
efficiency of the plasticizer, with a suitable choice of plasticizer, low
concentration of plasticizer introduced and reverse plasticizer intro-
duction sequence.
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