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The study's object was polypropylene PP-DVU and polypropylene homopolymer.
These construction materials are used as components of geosynthetic materials and as a
part of pipeline systems and the reactor, which are integrated into a newly built industrial
complex designed for the processing of columbite concentrate. During service, the studied
materials interact with chemically aggressive environments. The specimens were exposed
to a liquid solution of hydrofluoric and sulfuric acids at elevated temperatures. Material
degradation was assessed through tensile strength tests, mass changes, microhardness,
visual appearance, and moisture absorption. The depth of aging and relative elongation
were the most indicative criteria for predicting the lifespan of the polymer material. The
aging of the material was determined through water absorption tests and mechanical
testing. Aging was also visually evident through a noticeable color change. The water
absorption of the aged layer was higher compared to the material that had not come into
contact with the medium. The aging depth helped determine the diffusion rate of the me-
dium into the material, which aids in recommending the optimal wall thickness for the
product. The material's tensile strength remained the same after the tests, thus making
this criterion less valuable. A combination of in-situ and laboratory tests showed a positive
effect by reducing the overall testing time. Criteria for predicting the lifespan of polypro-
pylene materials used in the reactor for columbite concentrate processing were proposed
and substantiated.
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nonunPOMNUIEH PP-DVU U TOMONMOJIMMEP MNMOJIUMPOMUIIEHA:
AOJNITOBEYHOCTb TEOCUHTETUYECKUX U CTPOUTEJIbHbIX MATEPUAIOB
B PACTBOPAX CEPHOW U NNABUKOBOW KNCNOT MPU NOBbILWEHHbIX

TEMMEPATYPAX

M.A. KoBaneB

CaHkT-leTepbyprckmn nonutexHnyeckun yauesepcutet MNeTtpa Benukoro,
CaHkr-lNMeTepbypr, Poccuiickas ®enepaums

O CTATBE

AHHOTALMNMA

Monyyena: 11 niona 2025
OpobpeHa: 29 aBrycta 2025
MpuHaTa k nybnukauum:

10 ceHTA6psa 2025

Knroyessle criosa:

reoCMHTETUYECKME CTPOUTENbHbIE
mMaTepuarnbl, NOAMNPONUIIEH,
PP-DVU, xumun4yeckasi CTOMKOCTb,
nnaBuKOBasi KUCIOTa, CepHast
KMcnoTa, rmybuHa ctapeHus, cpoka

O6bekToM MccnenoBaHusa ABnsAnuMcb nonunponuned PP-DVU u romononvmep no-
nunponuneHa. [laHHble CTpOUTENbHbIE MaTepuarnbl NPUMEHSIOTCA B COCTaBe re0CUHTETU-
YeckMx MaTepuaros, a Takke Kak YacTb TPyOONpOBOAHbIX CUCTEM U peakTopa, BXOASLLMX
B COCTaB HOBOrO MPOMbILUMEHHOrO KOMMIeKca, npedHasHa4yeHHoro Ansi nepepaboTku
KonymbuToBOro KoHueHTpaTa. B npouecce akcnnyatauuu uayyYaemble matepuansl nog-
BEPralTca BO3AENCTBUIO XMMUYECKN arpeccuBHbIX cpel. Ons mooenupoBaHus YCnoBui
aKcnnyaTaumm 1 oueHkn derpagauum obpasupl B nabopaTopHbIX YCNoBUSX NOABepranvch
BO3[ENCTBUIO XWUAKOWM cpelbl Npu NOBbILLEHHOW TEMNepaType, Coaepalle NnaBukoByo
1 cepHyto kucnotbl. OueHka gerpagaumm matepuana npoBoaunach no CreayroLwmm Kpu-
TEPUSIM: MPOYHOCTb Ha Pa3pbiB, U3MEHEeHWEe Macchl, MUKPOTBEPAOCTb, BHELUHWA BUA U
BoponornoweHne. Hanbonee nokasatenbHbIMU KPUTEPUSIMU ANS MPOrHO3a CPoKa CryX-
Obl monumepHoro mMatepuana ctanu rnybvHa cTapeHust U OTHOCUTENbHOE YANMHEHUE.

CrapeHve maTepuana onpeaensnocb BU3yasnbHO MO U3MEHEHMIO LiBeTa U No pesynbTa-
Tam WUCMbITaHUN Ha BOAOMOIIIOWEHNE U MEXAHUYECKUX UCTbITAHWA. YPOBEHb BOAOMOMO-
LLieHUs1 B 30He CTapeHus Bbin Bbille MO CPABHEHMIO C yYacTkaMu maTepuana, He KOHTaK-
TUPOBAaBLUMMM CO cpefol. MMyBuHa cTapeHns No3Bonuna onpeaenuTbL CKOPOCTb ANt Y-
3UM cpedpl B MaTepuarn, 4YTO BaXHO Ans Bblbopa ONTUManbHOW TOMLWMHBLI CTEHKU
nspenus. MNMpPoYHOCTb Ha paspbiB MOCME UCTMbITaHUI He W3MEHUNach, NO3TOMY [aHHbI
KpUTEpUIA HemokasaTeneH Ans oueHkn faerpagaumun. KomGuHMpoBaHHOe WCronb3oBaHue
HaTypHbIX U NaGopaTopHbIX UCMbITAHWIA MO3BOMWMO COKPaTUTL OGLLEEe BPemsi OLIEHKM.
MpeanoxeHsl U 060CHOBaHbI KPUTEPUM NSt MPOrHO3UPOBAHWS CPoKa CryGbl NONMMpo-
MUNEHOBLIX MaTepuarnoBs, UCMOMNb3yeMbIX B peakTope Ans nepepaboTkv KonymbuToBOro
KOHLIeHTpaTa.

CJ'Iy)KGbI, aerpagauma nonnmMmepos.

Introduction

Polypropylene PP-DVU and polypropylene homopolymer geotextiles are widely used in
civil and environmental engineering applications due to their favorable mechanical properties,
low density, chemical resistance, and cost-effectiveness. These materials serve as integral com-
ponents in filtration, separation, reinforcement, and protection systems, particularly in geotech-
nical and waste containment projects [1; 2]. Also, polymer materials are widely used in construc-
tion, particularly when the facilities being built are expected to operate under exposure to aggres-
sive environments [3; 4]. This is especially relevant for pipeline systems in specialized industries,
as well as for sewer systems [5]. Despite their general chemical stability, polypropylene-based
geotextiles can be subject to degradation when exposed to aggressive chemical environments,
such as acidic or alkaline solutions [6; 7]. In practical scenarios, these conditions may arise in
contaminated soil, industrial waste facilities, or mining leachate systems, where geosynthetics are
required to maintain long-term performance. Recent studies have investigated the durability of PP
geotextiles under combined chemical and thermal aging conditions [8; 9]. In these studies
demonstrated that exposure to sulfuric acid and other aggressive agents may not cause immediate
degradation; however, synergistic effects between acid attack and thermo-oxidative aging signifi-
cantly accelerate material failure. These findings highlight the need for a more comprehensive
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understanding of polypropylene degradation mechanisms in acidic environments, particularly for
applications that demand long-term performance under chemically aggressive conditions. One
notable example is industrial facilities involved in columbite concentrate processing, where mate-
rials must withstand prolonged exposure to sulfuric and hydrofluoric acid solutions. In such oper-
ations, aggressive solutions affect both the pipeline systems and the process vessels. The problem
of material selection for the construction of pipeline systems, heat exchangers, and storage ves-
sels is particularly common in the mining industry [10].

Polypropylenes PP-DVU and polypropylene homopolymers have high durability against the
effects of high-temperature acid solutions. Their high durability allows them to be used as struc-
tural materials in reactors and pipeline systems for processing columbite concentrate. The open-
ing is carried out through chemical reactions and physical methods. In general, opening reactors
are cylindrical vessels with an internal stirrer for mixing the medium [11]. The opening mecha-
nism in such reactors can be divided into alkaline, acid, and chlorine processes [12]. The process
occurs at high temperatures, which approach the maximum operating temperature of some poly-
mer materials. The high concentration of chemicals, as well as constant stirring, are additional
aggressive factors. The efficiency of extracting tantalum and niobium from columbite concentrate
into solution depends on the concentration of hydrofluoric and sulfuric acids in the reactor and
the temperature of the reaction solution [13].

Studies examining the opening processes are often focused on developing new processing
methods or optimizing existing ones [14; 15]. Still, they do not discuss the material selection of
reactors and pipeline systems used in the construction of such facilities. In industrial reactor and
pipeline systems construction, materials with high corrosion resistance, such as monel alloys, are
typically used [16]. The downside of corrosion-resistant alloys is their high cost. Therefore, the
use of polymer materials as a barrier between the medium and the primary material seems ration-
al. If the polymer has sufficient resistance as a barrier material, it allows for the use of less corro-
sion-resistant materials, which would reduce the overall equipment cost.

Polypropylene is an affordable polymer material [17], and its use is possible if it shows suf-
ficient resistance in a solution of sulfuric acid, hydrofluoric acid, and zirconium concentrate. This
solution serves as the working medium of the opening reactor. In the study [18], data regarding
the resistance of polypropylene in 50-60 % sulfuric acid at temperatures of 60—80°C and in 60 %
hydrofluoric acid at 40°C are presented. The tests were conducted over 30 days, and the materi-
al's resistance, according to the authors' 10-point scale, was rated at 7-8 points. Available litera-
ture data [19] suggest that polypropylene may be resistant under the operating conditions of a co-
lumbite reactor. Still, they do not provide definitive information on its resistance to acid mixtures
or its potential service life.

Standard tests can be conducted to confirm the applicability. These tests are necessary not
only for functional design but also to reduce technical, financial, and production risks [20; 25]. In
addition to standard tests that assess physical and mechanical properties, the end consumer typi-
cally requests a lifespan prediction for the product. Such a calculation is, in most cases, a labor-
intensive task. For metal products, an initial estimate of their durability in aggressive operating
conditions can be made based on the corrosion rate expressed in mm/year. For polymer products,
however, the parameter selection could be more straightforward.

The selection of a material durability criterion is fundamental to calculating its service life.
This criterion should clearly indicate the product's condition, be easy to determine, and offer high
repeatability. Additional advantages include intuitive understanding and selection based on op-
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erational experience. In the study [21], approaches to determining the predicted service life were
described. Each method is based on a certain degree of correlation and a specific focus. In the
first case, a parameter that correlates well with the expected failure is identified, while in the sec-
ond case, attention is given to actual operational parameters.

The work [22] noted that most prediction methodologies are similar and can be divided into
four levels of testing, varying in simplicity and risk. Summarizing the data presented in the work,
the use of standard testing methods increases the risk of premature failure. At the same time, de-
veloping a full-fledged prediction methodology is a labor-intensive task.

Existing methodologies for testing polymer materials do not usually allow for accurate
lifespan estimation and require improvements. Accelerated testing methods need to be developed,
followed by correlating these with real-world studies, creating mathematical models, and translat-
ing the results into service life estimates. Examples of such efforts include standards like ISO
12944-6 and ISO 23936-2. Thus, the development of methods that enable quick assessment of
material classes is currently an actual problem.

Predicting service life based on results from in-situ and laboratory studies involves conduct-
ing accelerated testing of materials. The experimental data obtained are extrapolated onto a ser-
vice life graph. The accuracy of such methodologies will depend on understanding the aging pro-
cesses and the impact of accelerating parameters on them. For example, the study [23] noted that
the aging process might include a prolonged period of minor degradation, after which there is a
sudden change in properties. This period depends on temperature, and its duration decreases with
increasing temperature. Accelerated testing methodologies typically involve enhancing specific
factors to levels beyond operational conditions. Given the simultaneous impact of multiple fac-
tors on the material, each causing different responses, it is crucial to identify the most significant
ones. Temperature is one such parameter affecting the polymer aging process. It is known that
increasing temperature generally speeds up the chemical reactions responsible for degradation.
However, exceeding the maximum allowable temperature can cause degradation different from
operational conditions, leading to increased uncertainty in results. The Arrhenius equation can
describe the temperature dependence of chemical reaction rates, but it may only be applicable
within a specific temperature range and for certain chemical reactions. A characteristic of poly-
mer materials is the simultaneous occurrence of multiple chemical reactions, each with its activa-
tion energy, which results in an inaccuracy in the results [24].

The literature review revealed that the available data need to be more comprehensive to
draw definitive conclusions about the durability of the investigated polypropylenes in sulfuric
and hydrofluoric acid solutions. The lack of data also hinders the development of predictive
methodologies.

This article aims to evaluate the behavior of polypropylene in a high-temperature solution
of sulfuric and hydrofluoric acids and develop a prediction methodology based on the obtained
results.

The specific objectives of this study are:

e [dentify the most representative criteria for the degradation of polypropylene properties in
real-world tests;

e Evaluate the degradation of polypropylene properties in sulfuric and hydrofluoric acid
solutions at elevated temperatures;

¢ Validate the applicability of the selected degradation criteria through laboratory testing;

¢ Propose a forecasting methodology.
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Materials and Methods

This study focused on polymer products operating in environments containing sulfuric acid,
hydrofluoric acid, and zirconium concentrate. Additional aggressive factors included elevated
temperatures and constant mixing.

The studies were conducted using a scaled-down replica of a reactor for opening columbite
concentrate. Testing in such a reactor simulates the aggressive effects on construction materials
used in similar facilities. This is particularly relevant for pipeline systems, storage vessels, and
other components that come into contact with aggressive chemical solutions. The scaled-down
reactor, constructed from polymeric and metallic materials, closely replicated the design of an
industrial reactor. The reactor is a vessel containing a solution of sulfuric and hydrofluoric acids,
along with zirconium concentrate. The test aimed to simulate operational conditions and deter-
mine how the properties of the materials under investigation change over time.

The structural elements and the lining of the reactor components were fabricated from poly-
meric materials. Polypropylene PP-DVU from the German company "Simona," Kirn, Germany
(Manufacturer 1), and polypropylene homopolymer PP from the company Rostr, Saint Petersburg,
Russia (Manufacturer 2), were evaluated. The polymer specimens were shaped for tensile testing,
with dimensions conforming to type 1BA according to ISO 527-2. Additionally, a round through-
hole with a diameter of 6 mm was made in the widening section to secure the specimen in the test-
ing apparatus. Figure 1 presents both the schematic and actual appearance of the specimens.
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Fig. 1. Testing specimen

The specimens were placed on the equipment inside the reactor's working volume (Fig. 2)
and periodically removed from the reactor. Testing was conducted over 720 hours, with periodic
specimen removals at 24 and 240 hours of exposure. Upon completion of the tests, the reactor
vessel was examined for changes in its properties.

Fig. 2. Equipment used for periodic removal of specimens during testing
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The laboratory reactor was filled with a model pulp simulating the columbite processing
pulp (Table 1). Table 2 provides the composition of the zirconium concentrate included in the
model pulp. The testing temperature was 80+5°C.

Table 1
Model pulp composition
Parameters Value
Concentration H,SO4 400 g/1
Concentration HF 230 g/l (mo HF)
Concentration of zirconium concentrate 200 g/1
Table 2
Composition of zirconium concentrate
Name Content of the component, % mass
Z1O+H1O, Fe;O; TiO, AlLO; Mohs hardness
ZETA ZIRCON SUPERFINE 66.5 0.12 0.5 1.0 7.5

After the tests were completed and the medium neutralized and removed, the reactor vessel
was examined. It was hypothesized that the medium's aggressiveness would increase with the
depth of immersion, so the specimen placement area was divided into three zones by height (bot-
tom, middle, top). Specimens of the same material were placed in all zones to evaluate different
levels of aggressiveness. The investigation of the polymer specimens included visual inspections,
gravimetric control methods, structural analysis, and mechanical property testing.

The determination of mechanical properties under tensile stress was conducted using a ten-
sile testing machine in accordance with ISO 527-2. Ultimate tensile strength and elongation at
break were measured. The traverse speed was set to 50 mm/min. Visual assessments and mass
change evaluations were carried out according to ISO 175. Visual assessments and mass change
measurements were conducted in accordance with ISO 175. Structural investigations were per-
formed using an optical microscope, examining both the surface and cross-section of the speci-
mens. Microhardness measurements were conducted using the Vickers scale, with a 30-gram load
on the indenter and a holding time of 15 seconds at maximum load. Microhardness was chosen as
an additional criterion for evaluating degradation.

The examination of the reactor vessel involved visual inspections, structural investigations,
and mechanical testing. Segments were taken from each aggressive zone and used to create spec-
imens. The testing procedure was similar to that used for the standard specimens to achieve a bet-
ter correlation of results. Additionally, water absorption was evaluated following the methodolo-
gy described in ISO 62. Table 3 provides general data on the tests that were conducted.

After the tests were completed and the medium neutralized and removed, the reactor vessel
was examined. It was hypothesized that the medium's aggressiveness would increase with the
depth of immersion, so the specimen placement area was divided into three zones by height (bot-
tom, middle, top). Specimens of the same material were placed in all zones to evaluate different
levels of aggressiveness. The investigation of the polymer specimens included visual inspections,
gravimetric control methods, structural analysis, and mechanical property testing.

The determination of mechanical properties under tensile stress was conducted using a ten-
sile testing machine in accordance with ISO 527-2. Ultimate tensile strength and elongation at

103




Kovalev M.A. /
Construction and Geotechnics, vol. 16, no. 3 (2025), 98-111

break were measured. The traverse speed was set to 50 mm/min. Visual assessments and mass
change evaluations were carried out according to ISO 175. Visual assessments and mass change
measurements were conducted in accordance with ISO 175. Structural investigations were per-
formed using an optical microscope, examining both the surface and cross-section of the speci-
mens. Microhardness measurements were conducted using the Vickers scale, with a 30-gram load
on the indenter and a holding time of 15 seconds at maximum load. Microhardness was chosen as
an additional criterion for evaluating degradation.

The examination of the reactor vessel involved visual inspections, structural investigations,
and mechanical testing. Segments were taken from each aggressive zone and used to create spec-
imens. The testing procedure was similar to that used for the standard specimens to achieve a bet-
ter correlation of results. Additionally, water absorption was evaluated following the methodolo-
gy described in ISO 62 [23]. Table 3 provides general data on the tests that were conducted.

Table 3
General data on the tests
Material Total ngmber Number (.)f “ON" 1 Estimated parameters | Total duration, hours
of specimens | trol specimens
Polypropylene PP-DVU Tensile strength
20 5 . 720
(Manufacturer 1) Elongation at break .
Polypropylene PP Microhardness f (partial remO\lflal
(Manufacturer 2) 20 > Mass change after 24 and 240 hours)
Reactor vessel (PP- Tensﬂ‘e strength
DVU) (Manufacturer 1) - - Elongation at break 720
Water absorption

Results and Discussion

During the exposure period, the materials gradually changed color (Figure 3), indicating po-
tential structural changes.

g— o R i > ——

Control specimens

24 hours

240 hours

720 hours
a b

Fig. 3. Changes in the appearance of polymer specimens: a) PP-DVU; b) PP
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The PP-DVU material exhibited a trend of gradual mass increase, indicating sorption during
exposure. The PP material showed a high variation in values within the same specimen, which
may indicate more active chemical processes occurring within the material. Microhardness
changes during exposure varied by several units. The microhardness decrease for PP-DVU aver-
aged 2 units, likely due to medium sorption, as confirmed by mass changes. PP showed similar
degradation, with an average decrease of 0.7 units.

Tables 4, 5 summarize the results of mass and microhardness assessments for PP-DVU and
PP materials after testing. The values are averaged across all specimens taken from a single ag-
gressiveness zone. Data are provided for specimens tested at 24, 240, and 720 hours.

Table 4
Results for PP-DVU

Mass change, % Microhardness, HV
. Control specimens — (8,83 HV)
Height 24 hours 240 hours 720 hours 74 hours 220 hours 720 hours
Top +0.73 +2.71 +3.04 7.2 6.8 7.3
Middle +0.81 +2.79 +3.11 7.3 6.8 7.2
Bottom +0.82 +2.74 +3.10 7.2 7.0 7.4
Table 5
Results for PP
Mass change, % Microhardness, HV
. Control specimens — (6,68 HV)
Heigh 24 h 240 h 20h
cight Ours 0 hours 720 hours 24 hours 240 hours 720 hours
Top +1.88 +2.2 -1.15 6.4 6.2 6.5
Middle +0.87 +2.70 +1.63 6.5 6.1 6.4
Bottom +0.76 +0.28 +0.61 6.3 6.7 6.3

The results of mechanical testing of specimens after exposure did not show clear degrada-
tion in the PP-DVU material. The tensile strength values remained unchanged compared to the
control specimens. For the PP material, mechanical testing showed a gradual decrease in relative
elongation. The results are shown in Tables 6, 7, with data for specimens after 24, 240, and
720 hours of immersion.

Table 6
Mechanical test results for PP-DVU
Tensile strength, MPa Elongation at break, %
Height
Control 240 720 Control 240 720
. 24 hours . 24 hours
specimens hours hours specimens hours hours

Top 33 34 32 26 27 25
Middle 33 32 33 32 31 29 33 28
Bottom 32 32 33 16.5 29 41
Average 33 32 33 32 31 24 30 31
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Table 7
Mechanical test results for PP
Tensile strength, MPa Elongation at break, %
Height Control 240 720 Control 240 | 720
. 24 hours . 24 hours
specimens hours hours specimens hours hours

Top 26 24 24 280 254 81
Middle 25 26 25 25 175 188 141 63
Bottom 27 25 26 219 104 99
Average 25 26 25 25 175 229 166 81

The results obtained for the reactor vessel made from PP material are discussed next. The
inner side of the wall exhibited color heterogeneity. In the area in contact with the liquid, the ma-
terial predominantly exhibited a grayish hue, while in the area exposed to the vapor phase, it was
brown. Three segments were cut from the reactor vessel at different heights to correlate the mate-
rial's properties with its color. The height of the upper segment (brown color) was at the level of
contact with the vapor phase, while the middle and lower segments (gray color) were at the levels
of the middle and lower zones of the test rig, respectively.

In the cross-section of the segments, the layer of aged material was clearly distinguishable
(Figure 4). The section's boundary was uniform, and its pattern did not change with the height of
the segment extraction. Additionally, the upper segment showed a separation within the aged lay-
er, which likely caused the color difference (Zone 1, Zone 2).

Vessel
thickness

Top m . Bonom
= 4 g
o (=] -~
- - o
O ']

E: & g
1 - o
o Q =
o Q =
3 3 5
o 8 =
z 3 4
3 = i
o o -

Fig. 4. Cross-section of the reactor wall after 720 hours of exposure, x4.5

After 720 hours, the aging depth was approximately 2.0 to 2.3 mm (~18 % of the original
wall thickness) and was consistent across all three segments. The transition zone was character-
ized by a color gradient approximately 180 um thick. The depth of aging in the reactor wall was
only measured at one point, after 720 hours of testing. Cross-sectional specimens were prepared
from the widened area of the used tensile test specimens to correct the aging rate of PP-DVU and
determine the aging rate for PP. This area experienced the least deformation, allowing for more
accurate measurement of the aged layer depth.
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The aging depth of the material after 24 hours of exposure for PP-DVU and PP was ~0.5
mm and ~0.6 mm, respectively. The boundary of the aged layer was clearly visible, and the aging
pattern was similar to that observed at the reactor wall (Fig. 5). After 240 hours of exposure, the
aging appeared to penetrate the full depth, and it can be estimated that the actual aging was at
least ~2.5 mm for PP and ~2 mm for PP-DVU, respectively, considering the thickness of the
specimens. The results suggest that the aging rate of polypropylene is nonlinear, with maximum
intensity occurring during the first 240 hours of contact with the model medium and then signifi-
cantly decreasing.

[TI

'l
1
!

II.,J‘.—.‘ I
AP T o s
ilﬁiﬁnﬁmma

PP/ PP-DVU 24 hours PP/ PP-DVU 240 hours

Fig. 5. Cross-section of the specimens after exposure in 24/240 hours

The average change in microhardness of the aged layer was 13 % compared to the initial
material.

The not-attacked material was removed layer by layer from the outer side to prepare tensile
test specimens from the wall after flat specimens were cut out, and final polishing was performed.
The layer-by-layer removal was carried out using a milling machine until the aged layer was
reached. The dimensions of the specimens were approximately 80x10%2 mm. Specimens of the
not-attacked material were prepared similarly and had comparable thicknesses. Tensile testing
revealed an increase in relative elongation with greater depth. The specimens' fracture modes
transitioned from brittle to ductile (Table 8, Fig. 6).

Table 8
Mechanical test results for vessel specimens
Specimen Tensile strength, MPa Elongation, %
No ’ Height Height
} Control Top Middle | Bottom | Control Top Middle | Bottom
1 32 32 33 32 6.5 9.9 17 23.5
2 33 30 36 34 8.4 8.6 18.5 27
3 34 29 36 32 6.9 8.8 37 21.5
4 31 32 31 29 18 25 23 7.8
5 X 30 35 34 X 13.5 44 40
Average 33 31 34 32 10 9 28 24
Change, % X -6 +3 -3 X -10 +180 +140

Water absorption evaluation was conducted as an additional qualitative method to assess
aging, given that polypropylene is hydrophobic in its initial state. The specimen preparation tech-
nology was similar to that used for tensile test specimens, but the specimens were square-shaped.

After 504 hours of exposure, contact with the model medium resulted in a loss of hydro-
phobic properties, but no signs of material saturation were observed during this period. Addition-
ally, the mass change of the specimen from the segment that had been in contact with the gas
phase was lower compared to the others. The control specimen of PP-DVU was hydrophobic
(Table 9, Fig. 7).
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Not attacked material
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Fig. 6. Fracture pattern of vessel specimens

Fig. 7. Comparative assessment of continuous moisture absorption for PP-DVU
before and after 720 hours of immersion in the reactor
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Table 9
Results of moisture absorption assessment for PP-DVU
Moisture absorption, %
Height Immersion time, hours
24 h 48 h 96 h 168 h 360 h 504 h
Top 0.13 0.19 0.30 0.39 0.55 0.65
Middle 0.14 0.24 0.33 0.45 0.66 0.76
Bottom 0.19 0.20 0.32 0.44 0.63 0.77
Control specimen 0.01 0.01 0.01 0.01 0.01 0.01
0,8~
061
5
b= ®  Control sample
S ® Top
3044 A Middle
g v Bottom
3
[e]
= 02-

The polymer's increased sorption capacity can be attributed to both pore/crack formation
and structural changes due to aging. A similar monotonic sorption pattern was observed in spec-
imens exposed to the model medium.

The obtained results allow for ranking criteria suitable for developing predictive models and
assessing polymer durability.

The following conclusions can be drawn by summarizing the data on polymer durability in

a high-temperature environment with sulfuric and hydrofluoric acids:

e PP-DVU tended to increase absorption (mass increased by ~ 3 %). After testing, the
specimens showed changes in appearance. Microhardness decreased in comparison to the control
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specimens. Tensile strength remained unchanged, while elongation varied non-linearly depending
on the location of the specimens within the reactor (degree of medium aggressiveness);

e Material PP generally showed a tendency for mass increase (=1 %), but there were also
values that deviated from this trend. Microhardness remained unchanged. After testing, the
specimens showed changes in appearance. Mechanical properties, in terms of tensile strength,
were similar for control specimens and after immersion. The average elongation value after 720
hours of exposure decreased by more than half;

¢ Visual degradation of the reactor vessel material made from PP-DVU was evident in color
changes both upon visual inspection and when examining cross-sections. The tensile strength of
the material exposed to the solution remained unchanged while the elongation increased. Water
absorption of the reacted material also increased compared to the control specimens.

Based on the research results, aging depth and elongation proved to be the most suitable cri-
teria for predicting the service life of polymer materials. No significant changes in tensile
strength were observed after testing, making this criterion less relevant. The combination of in-
situ and laboratory tests demonstrated a positive effect, as it reduced the overall testing duration.
A methodology for further laboratory testing was developed to confirm the effectiveness of these
criteria for predicting material performance.

The assessment of the degree of degradation of the aged layer, followed by the calculation
of the critical aging depth and the prediction of the time to reach it, forms the basis of the meth-
odology. The tests involve exposure of the specimen to one-sided contact with the model medi-
um. Standard ISO 1817 [20] describes a setup that allows for one-sided contact with the model
medium. The key specimen requirements are as follows:

e The test specimen for one-sided contact must be flat;

e The dimensions of the specimen should be larger than the contact area with the aggressive
medium and should include some margin;

e The thickness of the specimen must be sufficient to ensure that aging does not penetrate
through the entire depth during testing;

e The test temperature is selected based on the operating conditions and the maximum
allowable temperature for the material being studied. Additional external means (e.g., using an
oven, heating tape, or water bath) can increase the temperature.

The total exposure duration and measurement frequency for different materials can be de-
termined after preliminary tests and the creation of an experimental database. The results indicate
that during the first 240 hours of exposure, the aging rate reaches its maximum before significant-
ly decreasing. "Taking more frequent measurements during this period will improve the accuracy
of the aging curve. Therefore, the exposure schedule could be as follows: 24, 48, 72, 120, 168,
240, 720, 1440 hours. After testing, the specimens are evaluated for aging depth using optical mi-
croscopy, tensile tests are conducted, and the changes in hydrophobic properties in the reacted
layer are assessed.

If sufficient experimental data are available, a laboratory method using the predictive crite-
ria proposed in this article will allow for more accurate forecasting of polymer material lifespan.

Conclusions

In the study aimed at assessing the durability of polypropylene materials in high-
temperature sulfuric and hydrofluoric acid solutions, both field and laboratory tests were con-
ducted. The tests involved exposure to an aggressive medium followed by an evaluation of
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changes in the physical and mechanical properties of the materials. Based on the results of these
tests, a methodology for predicting the service life of construction materials under the studied
conditions was proposed.

The results obtained allow for the following conclusions:

e The depth of aging and the elongation at break are the most suitable criteria for
determining the degradation of polypropylene properties during in-situ testing.

e When polypropylene is in contact with a sulfuric and hydrofluoric acid solution at
80+5°C, the medium diffuses into the material. The rate of diffusion is nonlinear, with maximum
intensity observed in the first 240 hours of contact. In the layer of polypropylene that has reacted
with the medium, changes in elongation at break are noted compared to the control specimens.

e Laboratory tests confirmed the change in elongation at the break of polypropylene in
contact with the medium and an increase in water absorption compared to the original material.

e The forecasting methodology based on the obtained results involves laboratory testing of
material specimens. The specimens are tested under one-sided contact with the medium, with
periodic assessments of the depth of the reacted layer and changes in properties within this layer
compared to the original material. This methodology enables the determination of the medium's
diffusion rate into the material, changes in properties within the reacted layer, and monitoring the
stabilization of diffusion processes. The obtained results provide a reliable basis for determining
the minimum allowable thickness of polypropylene-based components—such as sheets, pipes,
tanks, and geosynthetic materials — used in environments involving exposure to sulfuric and
hydrofluoric acid solutions. This contributes to the safe and durable performance of structural and
protective elements in corrosive industrial applications

@unancuposanue. Vccrneoosanue He umeno CHOHCOPCKOU NOOOEPIHCKU.
Kongnukm unmepecos. Aemopwi 3a61510m 06 0mcymcmeuu KOHGIUKma uHmepecos.
Bxnao asmopos. Bce asmopul coenanu pasHulii 6Kk1a0 8 N0O20MOBKY NYOIUKAYUU.
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