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Principles and basics of the process
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1. Introduction of polymer
powder in the mold

2. Mold heating + rotation

Mold cooling + rotation

4. Product demolding + mold
cleaning
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Transport mechanisms of polymer powders

Principles and basics of the process during rotational molding processing *
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1. Introduction of polymer
powder in the mold

2. Mold heating + rotation

3. Mold cooling + rotation

4. Product demolding + mold
cleaning

Cataracting Centrifuging

* K. O. Ogila, M. Shao, W. Yang, J. Tan, eXPRESS Polymer
Letters, 2017, 11, 10, 778-798.
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The use of waste fillers of plant origin with functional properties for the
production of self-stabilizing wood polymer composites (WPC)
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Research on the influence of the polymer composites processing conditions on the

stabilizing effect of functional plant-derived fillers SONATA-17 2021/43/D/ST8/01491 o NATIONAL
: o _ SCIENCE
Implementation period : 11.07.2022 — 10.07.2025 ® CENTRE
‘ POLAND

Principal Investigator: dr hab. inz. Mateusz Barczewski, prof. PP
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Process and thermal stability of
plant-based fillers

How fears of structural deterioration caused by
ignocellulosic filler degradation led to a new
nath in WPC processing
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Polymers

Bio-based high-density polyethylene (HDPE) SHC 7260 I'm
Green® (Braskem, Brazil); melt flow rate (MFR) 7.2 g/10 min
(190°C/2.16 kg), density 0.959 g/cm?3; content of ingredients
of biological origin 94% (ASTM D6866).

Petrochemical high-density polyethylene (HDPE) KT 1000 UE
(Dow, USA); melt flow rate (MFR) 8.0 g/10 min (190°C/2.16
kg), density 0.964 g/cm3.

Petrochemical high-density polyethylene (HDPE) GC 7260
(Basell Orlen Polyolefins, USA); melt flow rate (MFR) 8.0 g/10
min (190°C/2.16 kg), density 0.960 g/cm3.

Bio-based low-density polyethylene (LDPE) SBC 818 I'm
Green Green® (Braskem, Brazil); melt flow rate (MFR) 8.3 g/10
min (190°C/2.16 kg), density 0.918 g/cm3; content of
ingredients of biological origin 95% (ASTM D6866).

Rotational molding of natural composites
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Filler

ASSAM TGFOP black tea (tippy golden flowery orange pekoe)
country of origin: India; supplier: Zdrowie Natura (Poland).
Brewing process: water:tea (150 g:1500 ml), temperature
90°C; brewing time 10 min.

Coffee-spent grounds (CSG); local franchise café — Poznan
(Poland)

Nushells - pistachio (PS), walnut (WS), and pecan (PES). The
countries of origin of PS, WS, and PES were the United States
of America, Poland (Roztocze Area), and Mexico, respectively.
The harvest year of all nuts was 2022. Biomass was ground
and sieved below 800 pm.

Beech wood flour (WF), country of origin: Poland. Filler was
mechanically crushed and sieved below 400 pum.

Rotational molding of natural composites
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, Desired Processing
Main process- and material-oriented research > Temperature Range
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- How much will the degradation of the
lignocellulosic filler affect the deterioration of the
RM structure of composites and their porosity?
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- Will degradation in the sintering and densification
process conditions limit the stabilizing effectiveness
of the phytochemicals contained in the fillers?
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TG and DTG curves of base materials: PE and CSG.
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- How can the degradation processes of fillers be
limited and controlled?
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Polymer:

Bio-based high-density polyethylene (HDPE) SHC 7260 I'm Green®
(Braskem, Brazil); melt flow rate (MFR) 7.2 g/10 min (190°C/2.16 kg),
density 0.959 g/cm3; content of ingredients of biological origin 94%
(ASTM D6866).

Filler:

ASSAM TGFOP black tea (tippy golden flowery orange pekoe) country
of origin: India; supplier: Zdrowie Natura (Poland). Brewing process:
water:tea (150 g:1500 ml), temperature 90°C; brewing time 10 min.
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Particle size distribution of RT i BT.

Case study: The use of tea waste

Raw tea (RT)

L* =57.25

a*=7.31
‘b*=11.83
\'\_

Tea after
brewing (BT)

The external appearance of fractionated filler portions with the color
determined in the CIE L*a*b* space and microscopic photographs of the fillers.
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. Component % dry mass
P.o lymer: i i Raw tea (RT) :
Bio-based high-density polyethylene (HDPE) SHC 7260 I'm Green® Theogallin 1,0
(Braskem, Brazil); melt flow rate (MFR) 7.2 g/10 min (190°C/2.16 kg), Ga.lli.c acigl 0,5
density 0.959 g/cm3; content of ingredients of biological origin 94% Qum|c.aC|d 2,0
(ASTM D6866). L* =57.25 Theaflayl_ns (TF) 5,6
i Thearubigins (TR) 18
Filler: a*=7.31 B-carotene 0,006
ASSAM TGFOP black tea (tippy golden flowery orange pekoe) country ,‘15’*: 11.83 Lutein 0,007
of origin: India; supplier: Zdrowie Natura (Poland). Brewing process: N Violaxanthin 0,001
water:tea (150 g:1500 ml), temperature 90°C; brewing time 10 min. Neoxanthin 0,003
Theanine 3,1
. Caffeine 3,2
sample (extract) Concentration| Antioxidant [r::/SgC dry b Tea.aftZ;T) Pectin 2,9
[g/1] activity [%] mass] rewing Proteins 7,2
Amino acids 6,1
Ash 5,0
Raw tea (RT) 1 50,11 79,00 Cellulose 6,2
Carbohydrates 12,1
Lignin 51
Brewed tea (BT) 1 39,75 60,25 Lipids/acids 4,2
VOCs 0,01

Antioxidant capacity determined using UV-Vis spectroscopy using the

DPPH method; *DPPH radical scavenging capacity. External appearance of fractionated filler portions with color marking in the

CIE L*a*b* space and chemical composition of the fillers.
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N

_— — - Rotational molding (RM)

REMO GRAF single-arm shuttle machine
Rotational speed: 8 / 5 rpm
Temperature: 230°C (200°C)
Heating phase time: 20 min

REMO GRAF single-arm shuttle rotational molding machine (a), products made
of HDPE and HDPE-BC composite (b,c), steel mold (d).
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The use of waste fillers of plant origin with functional properties for the
production of self-stabilizing wood polymer composites (WPC)

Cross section Internal surface External surface

1
1

5 wt% BT HDPE

5 wt% RT

Optical microscope images of the HDPE and composite rotomolded
samples' cross-section, internal and external surface.

M. Barczewski, et al. Composites Part C: Open Access 2024, 13, 100437.
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Case study: The use of tea waste

The use of waste fillers of plant origin with functional properties for the
production of self-stabilizing wood polymer composites (WPC)

Cross section Internal surface

5 wt% BT HDPE

5 wt% RT

Optical microscope images of the HDPE and composite rotomolded
samples' cross-section, internal and external surface.

M. Barczewski, et al. Composites Part C: Open Access 2024, 13, 100437.

External surface

Physical mixing Melt mixing
Properties & wios | 5 wio S -
HDPE wt% wt% HDPE wt% wt%
BT RT BT RT
Elastic
modulus 1240+ | 468 + | 367+ | 1370+ | 677 + | 647 +
’ 62 67 46 52 74 71
MPa
Tensile
strength 22.8+ | 5.9+ 4.8 + 24.9 7.7 £ 7.6 £
’ 2.3 1.9 1.6 +1.8 1.2 2.1
MPa
Elongationat | 8.8+ 39+ 36+ | 110+ | 3.2+ | 3.6+
break, % 2.8 1.9 1.1 1.7 0.9 0.8
Hardness, 29.7+ [19.0 +|12.7 +| 341+ [12.1+]| 15.1+
MPa 3.1 3.9 4.2 6.3 2.8 3.2

Results of mechanical properties of HDPE and HDPE-BT/RT composites.
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The use of waste fillers of plant origin with functional properties for the

production of self-stabilizing wood polymer composites (WPC) — HOPE /iy bending  —— HOPE/ meltmiing
—— 5 wt% BT / dry blending —— 5 wt% BT / melt mixing
Cross section Internal surface External surface s —— 5wt RT/dry blending —— 5 wt% RT / melt mixing
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DSC-OIT test results; heat flow curves (a); average OIT values (b)
M. Barczewski, et al. Composites Part C: Open Access 2024, 13, 100437.
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Case study

: The use of tea waste

The use of waste fillers of plant origin with functional properties for the

production of self-stabilizing wood polymer composites (WPC) ‘_gadpfm.eﬁm% T
— % ry blending
—— 5 wi% RT / dry blending

Cross section Internal surface External surface

Thermal degradation of lignocellulosic filler is not
synonymous with degradation of antioxidants!

Despite the structural defects of rotomolded parts, the
polymer did not undergo thermo-oxidative degradation!

Optical microscope images of the HDPE and composite rotomolded
samples' cross-section, internal and external surface.

M. Barczewski, et al. Composites Part C: Open Access 2024, 13, 100437.
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Case study: The use of coffee-spent grounds

—~CH,CH)}— - FTIR assessment of changes in
the stabilization efficiency of the

plant active filler impact

—(CH(OO)CHs,)

- differentiation of thermal and

MANUFACTURING i PROCESSING INDUCED XENON LIGHT EXPOSURE
STAGE e DEGRADATION o
O-§§ = TERNAL
_ AAA INTERNAL -
Processing wwv SURFACE
temperature: W 0-
200,225,250 C | 1'% on INTERNAL t1-O.
Materials: z 2 n . . .
o5 3 - Additional artificial degradation
5wt% CSG | £ R factor
PE composite g 5 CE)
<0
o
vwW
wvww
vwW
wvww

33 q)p Nouvaxos Qp33

_____________________________________________l;___

(CH(OOH)CH,)—

thermo-oxidative PE process
degradation

Scheme of the experimental concept and research work.



Case study: The use of coffee-spent grounds

Polymer:
Bio-based low-density polyethylene (LDPE) SBC 818 I'm Green Parameter Unit CSG
Green® (Braskem, Brazil); melt flow rate (MFR) 8.3 g/10 min Chemical composition
(190°C/2.16 kg), density 0.918 g/cm3; content of ingredients of Holocellulose [%] 50.73
biological origin 95% (ASTM D6866). Cellulose [%] 20.85
Filler: IVILi.gnin | [%] 24.73
Coffee-spent grounds (CSG); local franchise café — Poznan (Poland) inera [%] 2.22
substances
Extractives [%] 34.33
2) “:‘ — i ;Z" Total flavonoid content
N cs6 B Catechin [mg/g dry 13.64
74 70 equivalent mass]
6 Feo 9 Antioxidant activity
3 j g Inhibition [%] 20.7
g o] o | DRSC (me/g dry 25.8
2] 20 mass]
1 10 Thermal properties
pl g ° ¢ o BT Rt TGA 5% temp. Cl 127
Particle size [um] S— — TGA 10% temp. 255

Particle size distribution of PE and CSG (a); digital microscope images of PE (b)

) ) ) Chemical composition and antioxidant activity evaluation of CSG.
and CSG (c) before processing by rotational molding.
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PE
150/20

200/20

150/2

tukasiewicz
Instytut Ingynierii
Materiatdw
Polimerowych

i Barwnikow

Photographs of rotomolded PE and composite parts manufactured with
different temperature sets and material weights.

A prototype rotational molding machine built
for the project
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Photographs of rotomolded PE and composite parts manufactured with
different temperature sets and material weights.

Microscopic images showing the internal and external surfaces of
rotomolded products made of PE in processing temperatures.
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Case study: The use of coffee-spent grounds
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Mechanical properties of PE and composite containing 5 wt% CSG before and after
exposure to 100 h UV-light irradiation of internal (INT) and external (EXT) surface.
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Microscopic images showing the internal and external surfaces of
rotomolded products made of PE in processing temperatures.
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Oxidation induction time (OIT) and protection factor (PF) of PE and
composite samples after rotomolding at various processing temperatures.

Case study: The use of coffee-spent grounds
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Microscopic images showing the internal and external surfaces of
rotomolded products made of PE in processing temperatures.



sTe) 9th Rotopol Meeting 2025 Case study: The use of coffee-spent grounds
0 29-30.05.2025 Wieliczka/Cracow

m PE e 5CSG
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O O o . . |
s - s S antioxidants!
'*: 50 A ‘ -5 %‘
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S e Despite the structural defects of
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Oxidation induction time (OIT) and protection factor (PF) of PE and
composite samples after rotomolding at various processing temperatures.
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Polymer

Bio-based high-density polyethylene (HDPE) SHC 7260 I'm
Green® (Braskem, Brazil); melt flow rate (MFR) 7.2 g/10 min
(190°C/2.16 kg), density 0.959 g/cm3; content of ingredients
of biological origin 94% (ASTM D6866).

Fillers

Pistachio shells (PS) country of origin: USA; supplier: NATURAL
EXPERT PPH Kamil Chojnowski

Wallnut shell (WS) country of origin: Poland; supplier: MIREX
Mirostaw Gronert

Pecan shell (PES) country of origin: USA; supplier: Just-And
Andrzej Btachowicz

Case study: Using nuts

nells as active fillers

Parameter Unit PS WS PES
Chemical composition
Holocellulose [%] 88.26 84.66 75.88
Cellulose [%] 32.69 29.98 27.92
Lignin [%] 29.27 47.94 44.57
Mineral
! (%] 0.2 0.46 1.67
substances
Extractives [%] 1.07 1.62 0.87
Fat [%] 1.44 3.14 3.26
Total flavonoid content
hi
Catechin me/gdry | 514014 5.19¢0.18 | 32.61+1.34
equivalent mass]
Antioxidant activity
Inhibition [%] 20.91+2.13 21.2610.14 88.40+£0.47
Trolo
) X [mg/I] 26.18+3.85 26.81+0.25 148.27+0.56
equivalent
d
TAEC (Me/dry | ¢ 184385 | 26.8140.25 | 148.27:0.86
mass]
Thermal properties
D iti
ecomposition °C] 214.6 208.4 214.7

temperature

Chemical composition and results of antioxidant activity evaluation of fillers.
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~ Segregation of filler on the pre-
particle location boundaries
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Mechanical properties

Static tensile test

Apparatus: Zwick/Roell Z020

Standard: ISO 527
Cross-head speed: 10 mm/min

Dynstat impact strength

Apparatus: Dys-e 8421

Standard: DIN 53435
Hammer: 0.98 J

Young modulus [MPa]

Elongation at break [%]

1400

Case study: Using nutshells as active fillers
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- Despite the highest antioxidant activity observed by PES,
due to the large share of porosity and structural defects, the
effectiveness of this filler did not differ significantly compared
to PS.

- The ability to agglomerate the smallest particles in the melt
mixing process resulted in an additional deterioration of the
composites' oxidation resistance.
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On the balance between dispersion, processability, and
stabilizing efficiency
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On the balance between dispersion, processability, and
stabilizing efficiency
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Does the effectiveness of active compounds contained
in the filler decrease with exposure to temperature?

Stability of active compounds

Trolox equivalent antioxidant capacity values determined for fillers before
and after 20 min exposure to 200 °C in inert and oxidative atmosphere.

nitrogen
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Does the effectiveness of active compounds contained
in the filler decrease with exposure to temperature?
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Conclusions

- Introducing plant-waste fillers rich in antioxidants into the polymer
matrix allows for development of a new generation of self-stabilizing
composites.

- As a result of optimization of the preparatory and forming processes, it is
possible to produce composites with favorable structure properties and
increased oxidation resistance.

- Thermal degradation of the lignocellulosic core of the plant-derived filler
is not synonymous with limiting its antioxidant activity on the polymeric
matrix.
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Perspectives and actual work

- Current research is focused on controlled thermal
decomposition of the various plant-derived fillers, in
procedures that ensure the retention of antioxidant
activity.

- Attempts to describe the effect of releasing bound
polyphenols in thermally induced processes.

Thermomechanical biomass conversion process.
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and change in thermal stability and antioxidant activity.
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Perspectives and actual work

Current research is focused on controlled thermal
decomposition of the various plant-derived fillers, in
procedures that ensure the retention of antioxidant
activity.

Attempts to describe the effect of releasing bound
polyphenols in thermally induced processes.

In pursuit of degradation - seeking beneficial effects of thermal and
thermomechanical modification of plant-based materials used in
polymeric materials
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Research on the influence of the polymer composites processing
conditions on the stabilizing effect of functional plant-derived fillers
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Thank you!




