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Abstract
Acid rock drainage (ARD) was successfully neutralized in this study using carpet tiles. Most polyolefin-based carpet tiles 
contain over 65% of finely ground calcium carbonate (CaCO3) powder by weight in the compound-blended and extruded 
backing structure; therefore, using them for neutralization is an innovative way to reuse a difficult-to-recycle complex and 
abundant product. The overall neutralization efficiency potential was calculated at 40% based on the density, purity, and 
surface images that display the domains of CaCO3 on the tiles. The carpet backing increased the mean of proton activity of 
AMD collected from a single acidic stream point within the Pinkerton Run tributary near Pittsburgh, PA from 3.3 to 6.1 over 
the span of four hours in batch-method experiments at CaCO3 loading levels of 0.1 g/L and overall surface area exposure 
of 229 mm2/mL. Hot acidity levels decreased from 90 to less than 10 mg CaCO3/L, and below detection limits after 20 h of 
neutralization. The treated and neutralized AMD sample contained 80 mg/L more calcium than the untreated, non-neutralized 
control, demonstrating the dissolution of CaCO3 from the carpet tile.
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Introduction

Acid mine drainage (AMD) from coalfields is the sin-
gle largest source of water contamination in the state of 
Pennsylvania (PA), with an estimated 11,838 km of con-
taminated streams (PA Dept of Environmental Protection 
2022). The extensive coalfields in the Appalachian region of 
the eastern United States were first mined in the late 1700s 
(National Academies of Sciences et al. 2018) and excavated 
for 200 years before regulations were enacted to alleviate 
environmental issues. The acidity generated from oxidation 
of exposed pyrite can create streams void of aquatic and 
plant life.

Most aquatic animals cannot survive in acidic environ-
ments with a pH < 5 (Office of Research and Monitoring 
1973). Larvae and eggs from insects, reptiles, and fish also 
cannot survive in environments with elevated acidity levels, 
which influences the food chain and local ecosystem. The 
additional suspended solids create murky water, inhibiting 

fish spawning and plant growth (U.S. Environmental Protec-
tion Agency 2000). Acidic stream runoff that flows through 
a region frequently encounters rocks that naturally contain 
metals such as mercury, lead, copper, aluminum, and zinc. 
This secondary contamination process leads to additional 
contamination. Plants and animals in these areas bioaccu-
mulate these contaminants, which spreads regionally up and 
down the food chain.

The Appalachian region is particularly susceptible to 
the negative consequences of AMD due to shallow ground-
water levels and the widespread presence of pyrite (Tewalt 
et al. 2000). Elements typically encased within the earth 
are exposed to the environment during the mining process. 
Pyrite, or iron sulfide (FeS2), produces sulfuric acid when it 
encounters water and oxygen.

Several parameters affect the intensity level of the AMD, 
such as the surrounding area’s rock composition and hydrol-
ogy. Metal ions, such as Fe2+, Fe3+, Al3+, and Mn2+, can 
produce acidity as they hydrolyze (Hedin 2006), while natu-
rally occurring minerals found in sedimentary strata, such as 
limestone and calcite, can add alkalinity (Bunt and Ntwampe 
2015).

Several AMD remediation solutions exist to create a net 
alkaline outcome. Anoxic limestone drains (ALD) use a 
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layer of buried limestone and an impervious liner to inter-
cept subsurface mine water and increase alkalinity (Wat-
zlaf et al. 2000). Successive alkalinity-producing systems 
(SAPS) are similar to ALDs; they treat acidic water by cre-
ating a flow path through a layer of organics to deoxygen-
ate the water and permit sulfate-reduction and limestone 
dissolution (Kepler and Mccleary 1995). Limestone is also 
used in alkaline leach beds and open limestone channels to 
create a long residence time that allows the acidic water to 
react with the CaCO3 (Larkins 2018).

Carpet is a multi-material product that is a significant 
component of waste in landfills. Research is needed to cre-
ate a second use for carpets, thereby extending the product 
lifecycle. Recycling systems that do not require costly dis-
assembly or other post-use modifications are essential for 
economic and technically feasible carpet recycling options. 
This study has explored using waste carpet tiles containing 
high amounts of CaCO3 as a neutralization substrate for 
ARD. This novel application of embedded calcium carbon-
ate within carpet tiles can potentially function similarly to 
current systems using calcium in neutralization treatments 
and ARD prevention techniques.

Commercial carpet tiles contain a polymeric backing 
system that contains CaCO3, as an inexpensive filler. Pol-
yolefin-based carpet tile backing systems often contain 
these fillers at > 65% by weight. For example, a 50 m2 
room covered in carpet tiles contains ≈ 75 kg of CaCO3 
powder. These fillers increase the product’s weight and 
create recycling challenges related to multi-material 
disposal.

Waste carpet tile disposal in landfills is often the result 
of commercial renovations or demolitions and yields large 
quantities of single-source waste. An estimated 2.3 billion 
kg of carpet is discarded annually (U.S. Environmental Pro-
tection Agency 2016). Waste carpet comprises over 3% of 
all materials in domestic landfills, approximately double the 
amount of waste generated by vehicle tires. Approximately 
90% of all discarded carpet waste ends up in U.S. landfills, 
and ≈ 6%, or over 90 million kg, is burned in cement kilns 
and municipal incinerators annually (Carpet America Recov-
ery Effort 2015).

Architectural specifications and new legislation regula-
tions have motivated sustainability initiatives that encourage 
the use of environmentally friendly building materials and 
an improved circular economy for carpet products (Paben 
2021). Healthy and sustainable products are now required for 
constructing or remodeling government buildings, hospitals, 
daycare facilities, and office buildings. The flooring industry 
has experienced a demand for transparency in ingredient dis-
closure, which has led to an ever-increasing number of build-
ing certification expansions. Diverting carpet products from 
landfills has become essential as more regulations are estab-
lished and brand owners fulfill their sustainability goals.

Methods

Efficiency Rate

The carpet tiles used in this experiment for neutralization 
were manufactured using an ExxonMobil propylene elas-
tomer (Vistamaxx™ Performance Polymer) and contained 
≈ 70% CaCO3 filler by weight. This study used a com-
mon carpet tile with a polyolefin-based backing system 
(Table 1).

A typical CaCO3-containing carpet, such as Hubercarb® 
M4 calcium carbonate, was used for the calculations in 
this study (Huber Corporation 2019). This product has a 
density of 2.7 g/cm3 (ASTM D153) and consists of 92% 
CaCO3 purity. Vistamaxx™ Performance Polymer 6502 
has a density of 0.865 g/cm3, according to the ExxonMo-
bil product datasheet.

Scanning electron microscope (SEM) images of the 
carpet tile were obtained at the ExxonMobil Baytown 
Technology and Engineering Center (BTEC). Images of 
the substrate’s bottom and the tile’s cross-section were 
taken. Variable pressure SEM conditions used a backscat-
ter compositional mode of 20 kV, 1000 pA, and 70 Pa N2. 
These images provide information on a three-dimensional 
level of the variation and amount of total CaCO3 that can 
be exposed to ARD.

ENVI Classic 5.6 (32-bit) image processing and analy-
sis software was used to determine approximately how 
much calcium mineral is exposed on the carpet tile’s sur-
face. Areas were classified by selecting polygon training 
areas in bright CaCO3 domains and the darker polymeric 
regions. An unsupervised classification was performed by 
classifying the filler and polymer regions based on color 
to determine approximately how much filler was exposed.

It is important to determine the volume percentages of 
the blend due to the high-density nature of CaCO3 in the 
polymeric blend compared to the polymer portion. This 
method will provide a better perspective for determining 
the degree of CaCO3 on the surface for the reaction rate 
compared to the blend mixture by weight percentage. The 
volume percentage of CaCO3 was estimated using the base 
amount of a 100 g sample at 70% filler by weight (Eqs. 1 
and 2).

Volume percentage was estimated using the polymeric 
portion volume (Eq. 3).

(1)

CaCO3 by volume =
mass (m)

density (p)
=

70 g

2.7 g/cm3
= 26 cm3,

(2)

Polymer by volume =
mass (m)

density (p)
=

30 g

0.87 g/cm3
= 35 cm3,
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Neutralization Rate

The neutralization reaction is highly dependent on the 
amount of CaCO3 introduced to the mine water. Carpet tile is 
produced by extruding the CaCO3 into a sheet and bonding 
it with latex to create a high-density layer using industrial-
scale equipment. Images from the tile surface and a cross-
section were taken to estimate the amount of CaCO3 present 
on the product’s surface.

Samples were obtained at different reaction times to 
determine if the CaCO3 in the carpet tile backing could 
function as an acid neutralizer. The Dataset I samples were 
obtained for initial analysis to investigate our hypothesis: 
carpet tiles can neutralize AMD. Dataset II was obtained to 
further challenge the ability to neutralize water with high 
acidity levels. All samples were obtained at locations near 
the greater Pittsburgh area (Fig. 1).

Dataset I required sampling from six different streams, 
resulting in 49 data points with various geochemical 
characteristics. All samples were collected within the 
Chartiers watershed in Pittsburgh and had known ARD dis-
charge zones. Data from the Chartiers Greenway project, 
Water Quality AMD (2009), provided locations for sam-
pling (Chartiers Greenway 2009). The acidic values were 

(3)
Percent CaCO3 by volume =

V1

V1 + V2

=
26 cm3

26 cm3 + 35 cm3
= 43%.

medium-to-neutral. Orange flocculates were also collected 
at the sample point from George’s Run.

Dataset II was aggregated by taking multiple samples on 
the same day from the Dickson Mine location at Settler’s 
Cabin Park to reduce geochemical variables. A total of 72 
data points were collected to gain statistical insights and 
establish differences between surface area exposures. A tech-
nical report by Hedin Environmental, Assessment of AMD 
Discharges in the Pinkertons Run Watershed, was referred 
to for the sample location site (Hedin Environmental 2016).

A handheld high 0.01 accuracy digital pH tester with 
automatic temperature compensation by Blandstrs digital 

Table 1   Construction by approximate weight percentage of the carpet tile used in this experiment

Component Component by approxi-
mate weight percentage 
(%)

 

Fibers 22

Primary backing 5
Precoat 16
Backing (laminate layer) 22
Reinforcement 2
Backing (cap layer) 33

Fig. 1   Sampling points near Pittsburgh, Pennsylvania for Dataset I 
and II
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meter—model X002H44ZT5 was used to gather in-stream 
data during collection. The 250 mL polypropylene bottles 
were fully submerged in the ARD water to allow no head-
space. Samples were then kept at 40°F to minimize micro-
bial growth.

Pieces of carpet tiles were weighed and cut into vary-
ing amounts. Backing weights were calculated based on the 
overall weights and the ratio of upper-to-backing (Table 1). 
This weight was then converted into density, ρ, or backing 
weight per milliliter of ARD sample water for consistency. 
Density was documented directly in the results for both 
datasets.

Each pH level reading was recorded after 30 s of slow 
stirring with the digital meter probe. The cut tile pieces were 
placed vertically into each jar after the initial reading was 
obtained. Acidity levels were recorded over time (Table 2). 
Both datasets used the same batch process, with limited 
water agitation.

Confirming and Quantifying Acidic Values

All data were collected (121 total data points) and tested 
using a handheld pH reader; therefore, further methods were 
used to confirm the accuracy of these findings. A calibrated 
pH probe at BTEC was used to compare the results of four 
samples. Hot acidity, a test widely used to determine the 
true acidity of the acid mine drainage’s complex chemical 
composition, was used to confirm findings. pH level is not 
the optimal measurement for acidity when testing ARD. Dis-
solved acidic metals may lead to “false-neutral” readings on 
pH probes due to their potential for creating acidity (Means 
2021).

The Hot Acidity Standard 2310 method was used by 
a third-party lab, Eurofins Xenco, for these reasons. This 
standard method, described in the 18th Edition of Standard 
Methods for the Examination of Water and Wastewater, uses 
titration to determine potentiometric acidity. Two specimens 
were submitted: an untreated control and a sufficiently neu-
tralized sample. Results were presented in acidity levels of 
mg CaCO3 per liter of ARD water.

Inductively coupled plasma (ICP) testing was com-
pleted to gain more information on the geochemical com-
ponents of the treated and untreated mine water. This test 

was performed at BTEC using a PerkinElmer optical emis-
sion spectrometer—Optima 8300, with detection limits 
of < 0.2 ppm.

A prediction method to calculate an estimated acidity 
was conducted using the method described by Hedin Envi-
ronmental in The Use of Measured and Calculated Acidity 
Values to Improve the Quality of Mine drainage Datasets 
(2006). Results from the ICP were used to gather elemental 
data, as described above. This calculation (Eq. 4) considers 
the pH level and modifies it appropriately to include acidity 
produced by common metals.

Results and Discussion

Efficiency Rates

Specific types of plastic processing can lead to polymeric 
“skins” that form on the outside of a filled product that 
contains less filler. This process would skew the amount 
of CaCO3 on the surface vs. the interior; therefore, visual 
images of the tile’s bottom surface and a cross-sectional 
image were captured using SEM. Results from the statisti-
cal analysis of the classified images indicate that the sur-
face and cross-sectional areas offer approximately 39% of 
filler exposure (Fig. 2). These values validate the weight 
and density calculations from Eqs. 1 through 3. There are 
slight discrepancies due to the samples’ terrain, resulting in 
slightly lower values than the actual material. Shadows that 
inherently exist in the terrain of the CaCO3 domains were 
difficult to classify as non-polymeric and would increase 
calcium exposure; however, the SEM results confirmed that 
the calculated 43% CaCO3 is an accurate value for future 
reaction calculations and can be used to further determine an 
approximate value for overall filler exposure on the surface. 
These results also validate that there is little to no difference 
between the exposure percentages of CaCO3 on the substrate 
surface compared to the cross-sectional interior.

(4)

Calculated acidity

= 50∗
((2*Fe

56

)

+
( 3*Al

27

)

+
( 2*Mn

55

)

+
(

1000∗10−ph
)

)

− Alkalinity.

Table 2   Results from George’s Run in Dataset I, confirming initial proof-of-concept

Sample Backing Vol-
ume (g/mL)

0 Hours
(pH)

1 Hour
(pH)

2 Hours
(pH)

12 Hours
(pH)

24 Hours
(pH)

36 Hours
(pH)

48 Hours
(pH)

George’s Run Control 0 6.0 6.0 6.0 6.0 6.1 6.1 6.1
George’s Run #1 0.08 6.0 6.4 6.5 7.0 7.2 7.5 7.5
George’s Run #2 0.23 6.1 6.8 7.0 7.5 7.5 7.6 7.6
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The efficiency was determined by taking the surface area 
exposure percentage (43%) and multiplying it by the purity 
of the CaCO3, based on supplier specifications in the meth-
ods section (92%) (Eq. 5).

CaCO3 can effectively neutralize acidic water with an effi-
ciency of ≈ 40%. Therefore, there is a limitation in reaction 
rates compared to current neutralization approaches that use 
unembedded limestone.

Reaction Rate

Dataset I

Dataset I confirmed the proof of concept, with near-neutral 
ARD-affected streams that had pH levels ranging from 6.0 
to 7.5. These streams were all classified as “yellow boy” 
waterways due to their orange appearance caused by a high 
degree of iron precipitation. ICP results from the high-tur-
bidity orange flocculate sample collected from George’s Run 
established that the iron level was 5,680 g/mL.

All nine samples were neutralized using the carpet tile 
treatments. The amount of CaCO3 required for neutralization 
was minimal due to the natural near-neutral characteristics 

(5)
Efficiency(%) = CaCO3 purity(%) × surface area exposure(%)

of this water. The quantity of carpet tile neutralizer that was 
used in this study ranged from 0.08 to 0.23 g/mL.

The results from the George’s Run samples, listed in 
Table 2, exhibit a similar overall trend to the complete data-
set. This highly focused dataset illustrates the neutralization 
trends with less variability due to the multiple geochemical 
compositions. Table 2 reveals that the inflection point of a 
pH of 7 was reached after two hours using higher amounts 
of neutralizer but was extended with the sample that used 
0.08 g/mL of the neutralizing agent.

Dataset II

The objective of Dataset II was to further investigate the 
findings by: using a more acidic stream; exploring differ-
ent quantities and the surface area exposure of the CaCO3 
on the tiles; and verifying the acidity levels using multiple 
methods. Samples were obtained in very close proximity to 
the mine's discharge, where the water was highly acidic (pH 
3) with very little turbidity and metal precipitates (Hedin 
Environmental 2016). Aluminum hydroxide precipitate was 
observed a few hundred feet downstream from the sampling 
point, later confirmed using ICP (Table 3). All samples were 
obtained at the same points using the same sampling proce-
dure employed for Dataset I aggregation to gauge repeatabil-
ity and limit the geochemical differences between streams.

Multiple testing procedures were used to demonstrate and 
confirm the acidity values for this dataset. The same testing 

Fig. 2   SEM images of the surface (left, 500X) and cross-section (right, 500X) of a carpet tile based on data from ExxonMobil’s Baytown Tech-
nology and Engineering Center, “Carpet Tile Compound Study SEM—BCT201507.0029-40”
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procedure used for Dataset I was repeated. Data points for 
the pH levels were captured based on residence time for each 
sample. The graph in Fig. 3 illustrates the results from these 
pH data points with respect to time.

The carpet tiles’ ability to successfully neutralize highly 
acidic streams was confirmed. The pH levels were raised 
from an average initial 3.3–4.1 after two hours of treatment. 
Using ≈ 0.1 g/mL of total carpet tile backing raised the water 
to a pH of 6.0, in four hours. Samples with higher CaCO3 
volumes or more exposed surface area neutralized the water 
faster. The residence time for ARD using a 15–30 cm lime-
stone bed in a conventional passive wetlands system was 
40 h for water with a pH less than five and 20 h for near-
neutral ARD (Metesh et al. 1998). The solution’s efficiency 
was less than pure limestone; however, the results indicated 
that neutralization occurred at a rate that is appropriate for 
use in a remediation system with a sufficient volume of car-
pet tile backing.

The relationship between CaCO3 exposure and neutrali-
zation capability was further explored (Fig. 4). The total 
surface area of the neutralization tiles placed in each jar, 
which included the cross-sectional and surface areas, was 
calculated. The Fig. 4 graph demonstrates an obvious cor-
relation between the degree of neutralization over two hours 
of exposure and the total amount of carpet tile surface expo-
sure. Surface area was an approximate calculation based on 
CaCO3 calculations, SEM images, and the sample’s prepa-
ration method to gain insight into additional CaCO3 expo-
sure. The total volume of backing placed in the batch is also 
illustrated in Fig. 4.

The ability to perform this experiment using a laboratory 
test with an open flow channel was not an option due to the 
2020 COVID-19 pandemic; however, batch-style results are 
common in initial neutralization experiments to determine 

the functionality of CaCO3. An example of this method is 
described in the research performed by Sheoran et al. (2012).

Confirming and Quantifying Acidity Values Using 
the Hot Acidity 2310B Standard

A total of 19 control samples containing non-treated ARD 
from the Dickson mine were tested using the handheld digi-
tal pH reader, yielding an average pH of 3.4. The calibrated 
pH probe from BTEC confirmed this value. The results from 
samples one through three established that the digital hand-
held pH probe produced accurate pH results (Table 3). 

Hot Acidity Standard 2310 tests on the control sample 
and sample three generated the expected corresponding find-
ings. The results indicated that the untreated control sample 
contained 92 mg/L of CaCO3, while the neutralized sample 
contained less than 10 mg/L of CaCO3, below the detec-
tion limit. These results suggest that it requires 92 mg/L of 
pure CaCO3 per liter of ARD water to neutralize all acid-
producing elements, according to the Hot Acidity Standard 
2310, which equals ≈ 230 mg of pure carpet tile backing. 
Only one control and one neutralized sample were analyzed 
using the hot acidity test method due to project time and 
budget constraints.

Acidity was calculated based on Eq. 4 and ICP analysis 
to gather preliminary data before external hot acidity labo-
ratory testing (Table 3). Iron, aluminum, and manganese 
were present in the samples, contributing to acidity. These 
preliminary estimates revealed a calculated acidity predic-
tion of 74 mg/L of CaCO3. This discrepancy in calculated 
results compared to results from the field-proven hot acidity 
titration method was likely due to sample collection, number 
of samples tested, and the differences in naturally occur-
ring elements present in the samples. The calculated acidity 

0.098 g/mL backing (ρ)

0.024 g/mL backing (ρ)

0.049  g/mL backing (ρ)

Fig. 3   Dataset II: Acid neutralization by pH level using carpet tile 
backing based on residence time

Δ

Δ

Backing 
volume 

0.098 0.098 0.054 0.023 0.024 0.049 0.025

Fig. 4   Dataset II: trendline comparing the change in pH level meas-
ured after two hours relative to total tile surface area exposed to ARD 
water samples
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determined that the sample required a reasonable amount of 
CaCO3 to sufficiently neutralize the control sample.

Sample three contained 80 mg/L of calcium, more than 
the untreated control sample. These ICP results suggest that 
there was a dissolution of calcium in each sample that con-
tained carpet tile backing. These results confirmed a posi-
tive correlation between overall alkalinity and the amount of 
total neutralizer and surface area exposure in each sample.

Additional Considerations

There are some concerns with using carpet tiles to remediate 
ARD streams, which can be alleviated and controlled with 
an understanding of the product lifecycle. Fibers may be 
preserved with stain-resistant treatment chemicals, such as 
PFAS, and contain other chemicals or substances that were 
absorbed over the carpet tile’s lifetime, which can lead to 
additional water contamination. Carpet tile backing mate-
rials are comprised of many different materials, including 
PVC and bitumen, which would likely influence pH; there-
fore, it is extremely important that this method uses only 
polyolefin-based backed carpet tiles until additional studies 
are performed. Carpet tiles containing additional materi-
als and chemicals would shift or offset environmental con-
tamination impacts and potentially compound detrimental 
effects; therefore, it is extremely important to identify the 
entire product lifecycle, emphasizing the use phase.

These tiles could be used unmodified for economic rea-
sons or as a shredded product to benefit from higher CaCO3 
exposure rates, subject to site requirements. An additional 
waste post-processing step may include separating the back-
ing from the upper fibers. The higher-value nylons could be 
recycled into a separate reclamation waste stream designed 

to handle potential fiber treatments, reducing unintentional 
microplastic contamination.

A comprehensive lifecycle assessment (LCA) should be 
conducted to compare current and proposed systems and 
generate an environmental profile for using carpet tiles to 
neutralize AMD. An LCA would ensure that the differences 
would not only shift the overall environmental impact, but 
also identify areas for improvement in product design and 
collection or transport. Overall footprint data would also be 
generated to ensure project progress.

Further research into actual in-field applications should 
be conducted to explore the most feasible solution, includ-
ing economic and feasibility studies, to establish which part 
of the system could use this neutralization tool most effec-
tively. Additional assessments should be completed on reac-
tion rates through flow channels based on target application 
methods, followed by pilot experiments using ARD-affected 
streams.

Potential opportunities for applications exist in mine 
construction, closure, and post-mining remediation. Stra-
tegically placing carpet tiles as neutralizers during the 
backfill resetting process in mine construction presents an 
opportunity. Active and passive techniques that currently 
use calcium-based neutralizers to remediate ARD could 
hypothetically use this waste-to-value product. Examples 
of potential opportunities for utilization include (limestone) 
layers in wetlands, limestone drains, ponds, or channels in 
order to add alkalinity, and remove Fe or Mn.

Table 3   Summary of results 
showing acidic values and 
physiochemical measurements 
for the control and samples after 
24 of exposure to neutralization 
treatment (ExxonMobil 2021)

Control Sample 1 Sample 2 Sample 3

pH analysis
 Handheld digital probe (pH) 3.4 4.6 6.4 6.6
 Calibrated lab probe (pH) 3.4 4.5 6.4 6.7
 Hot acidity 2310 (mg CaCO3/L) 92 – –  < 10

Exposure results
 Density of total neutralizer added (mg/ml) 0 50 100 100
 Calculated surface area of neutralizer (cm2) 0 20 41 57

ICP Elemental Analysis (mg/L)
 Calcium (Ca) 101.7 127.1 131.6 181.8
 Iron (Fe) 4.95 1.29 3.29 2.48
 Aluminum (Al) 7.55 4.94 2.72 3.15
 Magnesium (Mg) 40.42 42.30 39.13 43.13
 Manganese (Mn) 1.74 1.78 1.46 1.75
 Sulfate (SO2–

4) 502.74 494.75 498.88 490.03
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Conclusion

The hypothesis that there is enough CaCO3 in carpet tiles to 
successfully neutralize AMD was confirmed. Experimental 
data established that the volume and surface exposure of the 
carpet tile backing used for ARD water treatments greatly 
affects the reaction rate for potential neutralization. The 
overall efficiency of the treatment potential was evaluated 
based on the density, purity, and surface images that revealed 
the domains of CaCO3 present in the tiles. Carpet tile back-
ing functioned well as a neutralizer by increasing the ARD 
water pH. Successful ARD neutralization using carpet waste 
creates innovative second-life uses for the multi-layer poly-
meric floor coverings, allowing for the reuse of discarded 
construction materials and the development of solutions for 
two environmental challenges.

Data availability  The authors confirm that the data supporting the 
findings of this study are available within the article [and/or] its sup-
plementary materials.
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