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Abstract—Municipal solid waste (MSW) management is an essential municipal service. Proper waste treatment is an
important part of the waste management. Thermocatalytic waste upcycling has recently gained great interest and atten-
tion as a method to extract value from waste, which potentially substitutes traditional waste treatment methods. This
study aims at demonstrating the potential for thermocatalytic waste upcycling using spent disposable wipes as an MSW
surrogate. Two different Ni/ALO; catalysts were prepared, treated under two different atmospheres (N, and CO,). The
catalyst treated in N, (Ni/AL,O;-N,) exhibited a higher surface metallic Ni site than the catalyst treated in CO, (Ni/
Al,O;-CO,). The use of the Ni/ALO;-N, increased the yield of gas pyrolysate and decreased the yield of byproduct
(e.g., wax), compared with no catalyst and the Ni/Al,O,-CO,. In particular, the Ni/ALO;-N; catalyst affected the gener-
ation of gaseous hydrogen (H,) by increasing the H, yield by up to 102% in comparison with the other thermocata-
lytic systems. The highest H, yield obtained with the Ni/Al,O,-N, was attributed to the most surface metallic Ni sites.
However, the Ni/AlL,O;-N, catalyst led to char having a lower higher heating value than the other catalysts due to its
lowest carbon content. The results indicated that the reduction treatment environment for Ni/ALO; catalyst influences
thermocatalytic conversion product yields of spent disposable wipes, including enhanced H, production.
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INTRODUCTION

Since the living standard arising from world economy growth
has significantly improved, interest in individual hygiene manage-
ment has also grown [1]. In addition, the outbreak of COVID-19
expedited the use of disposable personal hygiene products [2]. Dis-
posal wipes, also known as cleaning tissues, are among broadly used
personal care and hygiene materials to clean dirty skin and a vari-
ety of materials [3]. The demand for disposal wipes is continuously
increasing in household and different stores because their simple
use, cheap price, robustness, convenience of storage, infection-pre-
vention effect, and easiness of mass production [1]. Also, disposable
wipes are heavily used in facial make-up as a cleaning purpose [4].
Because of the continuously increasing demand for disposal wipes,
their global market size was valued at USD 21.5 billion and is pro-
jected to expand at an annual average growth rate of 3.6% by 2030
[5].

Despite the fact that disposal wipes improve the quality of life and
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hygiene, the short life span and current treatment methods have
been increasing the environmental problems to all the environ-
ment media (soil, river, and air) [6]. Disposable wipes look like
paper and recyclable materials, but they are mixtures of plastics
and natural polymers such polyester, polypropylene, cotton, wood
pulp, or rayon fiber [7]. These are non-biodegradable substances
that are not recyclable because of their complicated heterogeneity
[8]. Disposable wipes are also one of the main causes of failure in
sewage treatment plants, blocking sewage pipes and foreign sub-
stance treatment machines [9]. As such, disposable wipes are con-
sidered a general solid waste, and discarded into waste bins to be
incinerated and landfilled [10]. Landfilling of disposable wipes can
result in formation of microplastics into the soil and river when
the landfilling site is not properly managed [11,12]. Natural weath-
ering from the chemical reactions of plastic waste in soil, river, and
sea under sunshine can degrade disposable plastics into microplas-
tics physically and chemically [13]. Advanced countries manage the
landfilling sites properly by installing a liner on the bottom of the
piles of waste [14]. However, there are still a variety of landfilling
sites, releasing leachates including microplastics directly into the
nearby soil and river due to the lack of proper liner installation [15].
The uncontrolled microplastics ultimately can be reached plants,
animals, and humans through the food chain [16-19]. Incineration
allows the rapid volume reduction of solid waste through burning
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the waste at high temperatures [20]. However, the emission of green-
house gases (ie., CO,) and toxic chemicals (unburned hydrocar-
bons, dioxin, etc.,) becomes problematic environmentally [21]. To
avoid the environmental issue, air pollution control systems are
required [22]. Incineration also can produce heat energy through
the oxidation of carbon and hydrogen rich organic waste materi-
als [23]. When the incinerator is connected to power plants and
electrical grids, the heat energy can be used as electrical energy [24].
However, residents strongly oppose the construction of incinerators,
thereby increasing the transportation fee of waste and construc-
tion fee of incinerators and electricity grid, not allowing the incin-
erator energy and cost-efficient facility [25]. As such, it is crucial to
investigate environmentally sound methods for disposable of het-
erogeneous plastic waste to achieve several goals: (1) prevention of
microplastic generation, (2) decreasing potential health risk, (3)
rapid volume reduction of solid waste, and (4) production of value-
added products through the same process. Such technical platforms
can help to minimize the waste generation and provide economic
feasibility to the society [26].

In these rationales, thermocatalytic upgrading of disposal wipes
is suggested in this study. The thermocatalytic process can convert
biomass and plastic waste into value-added (oxygenated) hydro-
carbons (HCs) and syngas with rapid conversion of solid plastic
mixture [27-33]. A majority of previous research on plastic pyroly-
sis has focused on upcycling of a single plastic component such as
polyethylene and polypropylene rather than practical plastic waste
[34-39]. However, thermocatalytic upgrading of deposable wet
wipes was rarely investigated though their large production and
environmental problems as mentioned above. Pyrolysis of dispos-
able wipes was performed with supported Ni catalyst (Ni/ALO,)
and non-catalytic pyrolysis was performed as a reference to under-
stand resulting products from thermal degradation of disposable
wet wipes. Supported Ni catalyst was employed as a catalyst due to
its affordability, accessibility, and uniform dispersion of nano-sized
Ni metal on the porous support. Three phase products were ana-
lyzed quantitatively. Prior to pyrolysis experiments, chemical com-
position of disposable wipes was identified through multiple analytical
tools. Lastly, the reusability of catalyst was tested.

EXPERIMENTAL

1. Waste Sampling and Characterization

Disposable wipes were bought from a convenience store near
Sungkyunkwan University campus (Suwon, Korea) and used to
clean different material surfaces such as tables, hands, electronic
equipment, etc. The spent disposable wipes were washed with deion-
ized water and then dried in a drying oven at 60 °C for 24 h. The
spent wipes were cut and shredded to make small sized samples
(<10 mm’) for characterization. Proximate analysis of the spent dis-
posable wipes employed three different temperature programs in a
muffle furnace: (1) drying at 105 °C for 24 h to measure the mois-
ture content, (2) heating the sample up to 450 °C and the remain-
ing for 1 h at 450 °C to measure volatile matter content, and (3)
heating the sample to 750 °C for 1h to measure the ash and fixed
matter. Moisture, volatile matter, fixed matter, and ash contents were
calculated gravimetrically. Ultimate analysis was performed to quan-

tify the C, H, N, and S contents in the spent disposal wipes using
the elemental analyzer (TRSMCHNSC - 6280TRSM, LECO, USA).
Oxygen (O) content was estimated by subtracting other elements
and ash contents measured. Thermal degradation characteristics of
the spent disposal wipes were monitored using thermogravimetric
analysis (TGA). The instrument used was a thermal analyzer-mass
spectrometer coupling (STA 409 PC+QMS 403 C, NETZSCH,
Germany). Temperature program started from room temperature
and ended at 900 °C with a heating rate of 10 °C min™". Fourier-
transform infrared spectroscopy (Nicolet iS50, Thermo Fisher Sci-
entific, USA) was performed to determine the chemical composi-
tion of the spent disposable wipes.
2. Catalyst Synthesis

Incipient wetness impregnation was employed to disperse Ni
catalyst on alumina support (10 wt% Ni supported on alumina:
Ni/ALO;). Powdered nickel nitrate hexahydrate (Ni(NO;),-6H,0)
and aluminum oxide (ALO;; product no. 199443) were purchased
from Sigma-Aldrich (USA). Both Ni precursor and alumina (5 to
9 ratio by mass) were mixed with deionized water, and the mix-
ture was stirred for 6h. Then the sample was dried at 105 °C in
the muffle furnace overnight. The resultant was calcined at 500 °C
for 4h, and the heating rate from temperature was 10°C min™".
The calcined one was then reduced at 700 °C for 2 h under differ-
ent flow gases: (1) 10 vol% H, (N, balanced) or (2) 10 vol% H, (CO,
balanced). The Ni catalyst reduced under N, balanced H, gas was
denoted as Ni/ALO;-N,, while the catalyst reduced under CO, bal-
anced gas was denoted as Ni/ALO;-CO,. After the reduction, each
catalyst was cooled to room temperature in high purity N, purg-
ing gas, and then the catalyst passivation was followed for 6 h under
2vol% O, gas (N, balanced). The passivated catalysts were used
for pyrolysis of spent disposable wipes after characterizations.
3. Catalyst Characterization

The two Ni/ALO; catalysts were characterized by N, physisorp-
tion to determine surface area, pore volume, and average pore diame-
ter. The number of surface metallic Ni sites (in terms of H, uptake)
was determined by H, chemisorption. An adsorption analyzer
(ASAP 2020 Plus, Micromeritics, USA) was used for conducting
N, physisorption and H, chemisorption. X-ray diffraction (XRD)
analysis of the two catalysts was carried out using an X-ray diffrac-
tometer (D8 Discover, Bruker, USA). The TGA of reused catalyst
samples was performed using the same instrument that character-
ize the feedstock sample (Section 2.1).
4. Reactor Setup

Fixed bed reactors were constructed for pyrolysis of spent dis-
posable wipes, and a heating furnace covered the outer surface of
reactor to supply heat energy for pyrolysis experiments. 800 mm
long quartz cylinder was used as a reactor body to place dispos-
able wipe on its center. One layer of the spent wipe was used as a
feedstock for pyrolysis experiments. In catalytic pyrolysis, Ni/ALO;-
N, or Ni/ALO,-CO, was used as a catalyst, and the mass ratio of
feedstock to catalyst was 1 to 1. The catalyst bed was located next
to the feedstock bed in the tubular reactor to make ex situ pyroly-
sis setup. Before pyrolysis tests, N, gas (100 mL min™") flowed into
the reactor for 20 min to remove air and moisture. Then, the tem-
perature program started from room temperature to 800 °C for
pyrolysis of spent wipes. After pyrolysis temperature was reached,
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pyrolysis was performed at the final temperature for 1 min and
then heating furnace was turned off. For the evaluation of catalyst
stability, Ni/ALO;-N, was used as a catalyst after regeneration (three
times). Used Ni/AL,O;-N, catalyst was heated to 650°C (heating
rate: 10°C min™") and held for 1 h under the low concentration of
O, stream (N, :air=9:1 by mass) for regeneration. After that, the
used Ni/ALO;-N, catalyst was reduced under 10 vol% H, gas (N,
condition) as described in Section 2.2. to be used as regenerated Ni
catalyst for catalytic pyrolysis. All the pyrolysis experiments were
performed at least three times, and the error bar was less than 2%.
5. Product Analysis

Different products (char, wax, liquid, and gaseous pyrolysates)
were analyzed using multiple chromatography instruments and ele-
mental analyzer. Volatile matters generated from the pyrolysis reac-
tor were captured through consecutive cooling traps connected to
the pyrolysis reactor. The first cooling stage was made of ice bath
connected with a circulating chiller working at —1 °C, and the fol-
lowing cooling stage was dry ice and acetone bath, whose tempera-
ture was —50°C. This setup was aimed to capture condensable
volatile matter, namely pyrolysis oil. To analyze the chemical com-
position of the pyrolysis oil, the condensable sample was injected
into a gas chromatograph-mass spectrometer (Agilent 8890 MS
5977B, USA). Detailed instrument program is described in Sup-
porting Information (Table S1). The concentration of each chemi-
cal species was calculated by applying the internal standard method
using 5-methylfurfural (10 ng mL™). Non-condensable volatile mat-
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ter directly flowed into an online micro-GC (INFICON Fusion,
Switzerland). Detailed measurement condition of micro-GC is shown
in Table S2. Solid product (plastic char), solid residue remained after
pyrolysis, was gravimetrically measured. Wax-like compound was
calculated by subtracting the mass of liquid, gas, and solid from
the original mass of feedstock.

RESULTS AND DISCUSSION

1. Characterization of Spent Disposable Wipe Feedstock

The proximate analysis of the spent disposable wipe sample con-
firmed that it was composed mainly of volatile matter (81.18 wt%)
followed by ash (16.12 wt%), moisture (1.95wt%), and fixed car-
bon (0.75 wt%). According to the ultimate analysis of the spent wipe
sample, the contents of carbon, oxygen, hydrogen, and sulfur of the
spent wipe feedstock were 50.3, 27.29, 5.07, and 1.2 wt% (balance
ash), respectively. Nevertheless, the content of nitrogen was negli-
gible (much less than 1 wt%). The compositions of the spent wipe
sample are summarized in Table 1.

The FTIR absorption spectrum of the spent disposable wipe
sample is shown in Fig. 1(a), which confirmed that the disposable
wipe is made of polyester elastomer (Fig. S1). The absorption band
associated with the stretching vibration of C-O bond in aliphatic
esters (e.g, fatty acid esters) was found at near 1,175 cm™" [40]. The
adsorption peak at near 1,500 cm ™' and 1,720 cm ™" were assigned
to in-plane skeletal vibration of benzene ring and carbonyl func-

Table 1. Composition of the spent disposable wipe feedstock obtained by proximate and ultimate analyses

Thermochemical composition (wt%)

Moisture Volatile matter Fixed carbon Ash Total
1.95 81.18 0.75 16.12 100
Elemental composition (wt%)
C H (0] N S Ash Total
50.3 5.07 27.29 0.02 1.2 16.12 100
(a) (b) 100
80
(:;: C-0 bond in aliphatic ester
o X 60
Qo Carbonyl groups (C-H) E
S 5
Ke] p [
= 40 -
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2 vibration of benzene rin:
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Fig. 1. (a) Infrared absorption spectrum of the spent disposable wipe feedstock obtained by Fourier transform infrared spectroscopy analy-
sis and (b) residual mass change profile of the spent disposable wipe feedstock obtained by thermogravimetric analysis under an N,

environment.
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Table 2. Physicochemical properties of the fresh and reused Ni/ALO;-N, and Ni/Al,O,-CO, catalysts

Surface area (m’ g’l) Pore volume (cm’ g’l)

Average pore

d

No. Catalyst Meso diameter® H, uptalf?

BET External® Micro® ) Total® (am) (nmol g™)
1 Ni/ALO;-N, 112.68 112.48 0.217 0.004 0.221 5.55 2.61
2 Ni/AlL,O5-CO, 105.65 104.73 0.216 0.003 0.219 5.69 0.03
3 Ni/ALO;-N, (1* reuse) 104.79 89.38 0.189 0.003 0.192 6.34 4.39
4 Ni/ALO,-N, (2™ reuse) 99.69 87.71 0.189 0003 0.192 6.30 455

“Determined by the t-plot method.
’Calculated by subtracting micropore volume from total pore volume.

‘Determined by the Barrett-Joyner-Halenda (BJH) desorption method at a relative pressure (P/P,) of 0.99.
“Measured using the H, chemisorption method under a static condition at 35 °C.

tionalities (C-H), respectively [40]. Fig. 1(b) presents thermal deg-
radation trend of the spent disposable wipe sample. Until 110 °C,
~2 wt% of the spent disposable wipe sample was degraded due to
the evaporation of moisture (Table 1). Approximately 80 wt% of
the sample was further decomposed until ~500 °C, consistent with
the content of volatile matter (Table 1). Residual weight percent was
~18 wt%, which could be composed of fixed carbon and ash.
2. Characterization of Ni/AlL,O; Catalysts

Table 2 lists the physicochemical properties of the two Ni cata-
lysts made under two different atmospheres (N, and CO,) before
and after use. The Ni/AL,O;-N, had a Brunauer-Emmett-Teller (BET)
specific surface area of 112.68 m” g that was about 7% higher than
that of the Ni/ALO;-CO,. The atmosphere in which the catalyst
was treated during its preparation did not have a significant effect
on the pore volume and average pore size. However, the Ni catalyst
treated in N, environment exhibited an 86-fold higher H, uptake
than the Ni catalyst treated in CO, environment, indicating that the
treatment of Ni/AL,O; under N, resulted in a higher number of
surface metallic Ni sites than the treatment under CO,. This is prob-
ably because the reverse water gas shift (RWGS) reaction, which
theoretically converts 85.8% H, and 9.5% CO, to H,O and CO at
700 °C, is accompanied by H, reduction under 10% H, and 90%

= Ni —— Ni/ALO,-N,
= Ni/Al,0,-CO,

A ALO,

Intensity (a.u.)

™ T
10 20 30 40 50 60 70 80 90
20

Fig. 2. X-ray diffraction patterns of the Ni/AL,O;-N, and Ni/ALO;-
CO, catalysts.

CO,, based on the equilibrium composition calculations of HSC
Chemistry 9 (Qutotec). Coke formation is not possible under these
treatment conditions. The presence of 90% CO, in the treatment
gas at 700 °C allows metallic Ni to theoretically balance 3.1% NiO
and 0.2% NiALO,, but their presence is negligible in the presence
of 90% N,. Note that the NiALO, formation is possible during the
calcination of the Ni/ALO; catalyst, but this possibility was not con-
sidered in our estimation. The characterization results indicate that
the variation in atmosphere where the Ni/Al,O; catalyst treatment
took place (e.g, N, or CO,) may alter its physicochemical proper-
ties, particularly affecting its H, uptake.

The XRD patterns of the Ni/AL,O;-N, and Ni/ALO;-CO, cata-
lysts are shown in Fig. 2. The diffraction peaks of the two catalysts
are almost identical and represent clear peaks of metallic Ni and
AlL,O;, which were identified according to the International Cen-
tre for Diffraction Data database. In addition, the Ni/ALO;-N, and
Ni/ALO;-CO, catalysts exhibits a similar XRD intensity, which means
that both catalysts have a similar degree of crystallinity.

3. Thermocatalytic Conversion of Spent Disposable Wipes over
Ni/AlLO; Catalysts

Fig. 3 shows the yields for gas and liquid pyrolysates and other
byproducts (e.g., wax char) obtained through the thermocatalytic
conversion of the spent disposable wipe feedstock with and with-
out the Ni/AlL,O;-N, and Ni/ALO;-CO, catalysts. The use of the Ni
catalysts markedly influenced the yields of gas pyrolysate and wax.

100
Gas pyrolysate
80 s Liquid pyrolysate
) - Wax

. Char
X
) 60 -
:
=2
2 40 -
>

20 _ -

0 T T T

No catalyst Ni/AlL,O,-N, Ni/Al,0,-CO,

Fig. 3. Mass balance of the pyrolysates of the spent disposable wipe
feedstock obtained with and without the Ni/AL,O; catalysts.
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Note that the wax is a mixture of long-chain aliphatic HCs that exist
as sticky form between liquid and solid phase product. It included
>C,, HCs, but unable to fully identify its composition because GC
does not allow the analysis of high molecular weight compounds.
The two catalysts increased the yield of gas pyrolysate while they
decreased the yield of wax. Gas pyrolysate is typically a mixture of
non-condensable gases (i.e., H,, CO, CO,, C,-C, hydrocarbons) and
wax is generally composed of heavy molecules of C.,, [41]. This
clearly means that the two Ni/ALO; catalysts enhanced thermal
cracking of high-molecular-weight compounds into low-molecu-
lar-weight compounds (e.g,, non-condensable gases). Nevertheless,
the use of the Ni catalysts had no significant impact on the yields
of liquid pyrolysate and char, compared to the non-catalytic ther-
mal conversion of the spent disposable wipe feedstock. The Ni/
AL O;-N; catalyst led to a higher yield of gas pyrolysate and a less
yield of wax than the Ni/ALO,-CO, catalyst, indicating that the
Ni/ALO;-N, catalyst was more effective at thermal cracking of
heavy compounds during the thermal conversion of the spent dis-
posable wipe feedstock. This could be ascribed to more surface Ni
sites available on the Ni/ALO;-N, catalyst because Ni is effective at
promoting C-C bond scission [42].

In Fig. 4(a), the distributions of chemical compounds identified
in the liquid pyrolysate of the spent disposable wipe feedstock ob-
tained with and without the two difterent Ni catalysts are compared.
Benzoic acid and its derivatives (e.g., acetyl benzoic acid, methyl-
benzoic acid, ethylbenzoic acid, and formylbenzoic acid) accounted
for >80% of the liquid pyrolysate for all cases. This was most likely
due to the benzene ring existing in the polyester structure of the
disposable wipe sample (Fig. 1(a)). Other than them, terephthalic
acid, biphenyls, and 9H-fluorenes were identified as constituents

Biphenyls

[]9H-Fluorenes
(a) [[_]Terephthalic acid
100 =

B 2] [
o o o
1 1 1

Product distribution (%)

N
o
1

T 1 1
No catalyst Ni/AL,O,-N, Ni/AL,0,-CO,

Benzoic acid (b)
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of the liquid pyrolysate. The atmosphere in which a Ni/Al,O; cata-
lyst was treated did not considerably affected the product distribu-
tion of the liquid pyrolysate.

Fig. 4(b) compares the product distribution of the gas pyroly-
sate produced from the spent disposable wipe feedstock with and
without the Ni/ALO; catalysts. As mentioned, the gas pyrolysate con-
sisted of different permanent gases including H,, CO, CO,, CH,,
and C,-C, hydrocarbons. A clear pattern was observed: the Ni/
ALO;-N, catalyst led to the production of more H, and less CO,
than no catalyst and the Ni/Al,O,-CO, catalyst. For example, the
thermocatalytic conversion of the spent disposable wipe feedstock
over the Ni/ALO;-N, catalyst produced 102% higher H, than the
non-catalytic thermal conversion of the spent disposable wipe feed-
stock. A 36.9% more H, was produced with the Ni/ALO;-N, cata-
lyst in comparison with the Ni/ALO;-CO, catalyst. It has been
known that Ni serves as an active catalytic site for cleavage of O-
H, C-C, and C-H bonds and water-gas shift reaction, thereby pro-
moting H, production from organic compounds [43-49]. As seen
in Table 1, the Ni/ALO;-N; catalyst had more surface Ni sites than
the Ni/ALO;-CO, catalyst. The higher number of surface Ni sites
on the Ni/ALO;-N; catalyst should contribute to yielding more H,
from the spent disposable wipe feedstock. Nonetheless, the gas
pyrolysate produced in the presence of the Ni/ALO;-N; catalyst con-
tained 23.8 mol% CO,, while that produced in the presence of the
Ni/ALO;-CO, catalyst contained 27.9 mol% CO,.

Elemental composition of the char retained after the thermocat-
alytic conversion of the spent disposable wipe feedstock was deter-
mined in order to estimate energy content of the char, as sum-
marized in Table 3. The char obtained in the presence of the Ni/
ALO;-N, catalyst contained less carbon than others. This is most

C]cyCc, Hes ] ¢, Hes [ CH,
[Jco,  [Jco  [H,

100

2]
o
1

[2]
o
|

»H
o
1

Product distribution (mol%)
N
o
1

T 1 1
No catalyst Ni/AL,O,-N, Ni/AL,0,-CO,

Fig. 4. Product distribution identified in (a) liquid pyrolysate and (b) gas pyrolysate of the spent disposable wipe feedstock obtained with and

without the Ni/ALO; catalysts.

Table 3. Elemental composition (wt%) of the chars made with and without the Ni/Al,O;-N, and Ni/ALO5-CO, catalysts

Catalyst C H (@) N S Ash Total
No Catalyst 80.68 0.91 6.43 0.40 0.34 11.24 100
Ni/ALO;-N, 77.87 0.74 6.37 0.49 0.28 14.25 100
Ni/ALO5-CO, 85.52 0.69 5.99 0.40 0.29 7.11 100
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HHV (MJ kg")

0 I I 1
No catalyst Ni/Al,O,-N, Ni/Al,0,-CO,

Fig. 5. Higher heating value (HHV) of the chars made with and
without the Ni/AL,O;-N, and Ni/AL,O;-CO, catalysts.

likely because the Ni/Al,O;-N, catalyst led to releasing more gas-
eous products from the spent disposable wipe feedstock (Fig. 3).
Higher heating values (HHVs) of three different chars are compared
in Fig. 5, estimated based on their elemental compositions (Table
3) using an empirical equation [50]. The char made with the Ni/
AL O;-N, catalyst exhibited the lowest HHYV, likely attributed to the
lowest carbon content among the three.

As discussed above, the use of the Ni/ALO;-N, catalyst resulted
in the highest H, yield among three cases (Figs. 3 and 4). Thus, to
evaluate reusability of the Ni/ALO;-N, catalyst in terms of H, pro-
duction from the spent wipes, the Ni/AL,O,-N, catalyst was used
for three cycles (Fig. 6(a)). Fig. 6(a) presents a slight loss in the H,
yield after each use of the catalyst. As seen in Table 2 (Nos. 1, 3,
and 4), the reuse of the catalyst decreased its surface area and total
pore volume. The decrease in surface area and pore volume can
be attributed to the deposition of carbon onto the catalyst surface,

(a) 1.2

1.0

0.8

0.6

H, yield (wt%)

0.4 -

0.2 1

0.0

Fresh 1treuse 2" reuse

(b) 100

Weight %
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as observed in the TGA analysis result of the reused catalysts (Fig.
6(b)). The decrease in the sample mass found between 400 and
800 °C was ascribed to the oxidation of the deposited carbon [51].
Fig. 6(b) also shows that more carbon was deposited onto the cat-
alyst surface as the number of reuse cycle was increased. Unlike
surface area and pore volume, H, uptake was increased after the
use of the Ni/AL,O;-N, catalyst (No. 1, 3, and 4 in Table 2). The
increase in the H, uptake was most likely due to the redispersion
of Ni species that interact less with the surface alumina upon reduc-
tion by hydrocarbons in the disposable wipe feedstock under the
reaction conditions (refer Section 2.4). This trend can occur when
the nickel species in alumina are covered or submerged by NiALO,
[52]. Thus, the loss in the H, yield was ascribed to the carbon deposi-
tion. In spite of the loss in the H, yield, no significant decrease in
the H, yield was exhibited based on the Student’s t-test (confidence
limit: 95%).

Transition metal catalysts have a high probability of producing
H, from plastic pyrolysis due to their capability for C-C and C-H
bond scissions, but Ni catalyst was only tested in this study. There-
fore, it will be important for future studies to develop highly effi-
cient transition metal catalysts that can enhance H, yield and pro-
duction rate at lower pyrolysis temperature.

CONCLUSIONS

The present study was aimed specifically at upcycling of the world-
most generated MSW, spent disposable wipes, through thermocat-
alytic conversion process over Ni/ALO; catalysts prepared under
different atmospheres such as N, and CO,. The two catalysts exhib-
ited different physicochemical properties, in particular the num-
ber of surface Ni sites: the Ni/ALO;-N, catalyst had 86 times higher
H, uptake than the Ni/ALO;-CO, catalyst. The higher number of
Ni sites that can be involved in the reaction led to a higher yield of
gaseous H, from the spent disposable wipe feedstock along with
suppressing the formation of byproduct such as wax. However, the

1%t reuse
— 2" reuse

99 -

98

97

96 -

95

94

— r
150 300 450 600 750 900

Temperature (°C)

Fig. 6. (a) H, yield resulting from the thermocatalytic conversion of the spent disposable wipe feedstock with the Ni/ALO;-N, catalyst for
three cycles and (b) residual mass change profile of the reused Ni/ALO;-N, catalyst obtained by thermogravimetric analysis under an

air environment.
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use of the Ni/ALO;-N, catalyst resulted in the char having the lower
HHYV than the char made without any catalyst or with the Ni/ALO:-
CO, catalyst, due to its lower carbon content. In sum, this study
revealed that the catalyst preparation condition can influence the
yield of pyrolysates and the product distribution and energy con-
tent of the pyrolysates produced through thermocatalytic conver-
sion of MSW such as spent disposable wipes.
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Table S1. Specification, column information, and analytical conditions for the GC-MS

Model GC: Agilent 8890; MS: Agilent 5977B
Column HP-5MS Ultra Inlet column (0.25 mmx0.25 pmx30 m)
Initial temperature 50 °C (3 min)
Ramping 50"C @inj (50-100 C)
Oven setting 2°C min" (100-164 °C)
Final temperature 164 °C (1 min)
Total analysis time 45 min
Carrier gas Helium (>99.999%)
Column setting Carrier gas flow 3mL min '
Column flow 1 mL min™’
Injection mode Splitless
Injector setting Injection volume 1pL
Injection temperature 280°C
Aux temperature 300°C
MS setting

m/z range 35-500 amu




Table S2. Specification, column information, and analytical conditions for the micro-GC

Model INFICON Fusion Gas Analyzer
Conditions Module A Module B
Column Rt-Molsieve 5A Rt-Q-Bond
Sample pump mode Continuous Continuous
Sample Pump setting
Sample pump time 15s 155
Carrier gas Argon (299.999%) Helium (=99.999%)
Column pressure 20 psi 17 psi
Initial temperature 50°C (405s) 50°C (30s)
Column setting
Ramping time 50s 60s
Final temperature 100 °C (40 's) 110°C (40's)
Total analysis time 130s 130s
) ) Inject time 30 ms 30 ms
Injector setting S 0
Injector temperature 90°C 90°C
TCD temperature 70°C 70°C
TCD setting
Data rate 50 Hz 50 Hz
10 [ Spent disposable wipe sample
Abs |
0.5
) N
0.0 T ‘ \ i \ T
4000 3500 3000 2500 2000 1750 1500 1250 1000 750
cm-1
10l Polyester elastomer
Abs |
0.5
0.0 ,‘.[,,,..j\,/\',k,,v,,, ,,,,,,,,, AR FR RIS
4000 3500 3000 2500 2000 1750 1500 1250 1000 750
cm-—1

Fig. S1. FTIR spectra of the spent disposable wipe feedstock and a commercial polyester elastomer sample.
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