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1 2
GRAPHENE NANOPLATELETS DERIVED and obtaining the exfoliated product. In one embodiment,
FROM THERMOMECHANICAL the layered material 1s graphite or expanded graphite and the
EXFOLIATION OF GRAPHITE exioliated product i1s graphene and/or graphene nanoplate-
lets. In one embodiment, the method turther includes grind-
FIEI D 5 1ng the layered matenal prlor to shearing. In one embodi-
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The invention relates to graphene nanoplatelets and meth- shearmg,, and optionally heating the exioliated product to
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between at least two rotating rotors.

Graphene is an atomic layer of sp® hybridized carbons In one embodiment, the shearing comprises an operating,
atoms with exceptional mechanical, thermal and electrical speed 1n a range of about 50 to about 150 rpm for at least two
properties. Such properties make graphene an excellent rotors located in the chamber. In one embodiment, the
choice for applications such as polymer nanocomposites, 15 operating speed 1s about 100 rpm. In one embodiment, the
electronic devices, batteries and supercapacitors. Several temperature 1s 1n a range Of about 150 to about 200° C. In
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3 4
one embodiment, the at least one controller controls a graphene (FLG), multilayer graphene (MLG), or a combi-
temperature of the expandable chamber according to a nation thereof. In one embodiment, the nanoplatelets are
selected temperature or a selected temperature range. substantially free of functionalities. In one embodiment of
In one aspect, the invention provides graphene and/or this aspect, the nanoplatelets are substantially free of
graphene nanoplatelets prepared by the method of the above 5 defects. In one embodiment of this aspect, the method
gt et embndiment fhe 2ol AAS 1 el D) —l o Q@ grma e oo i et griotplQig—+q gro ou mova
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lets are substantially free of detects. nanoplatelets. In one embodiment of the above method
In one aspect, the mvention provides a product compris- aspect, the compatibilizing agent comprises an anhydride or
ing the graphene and/or the graphene nanoplatelets of the 10 an amine. In one embodiment of the above method aspect,

abave ashe nne asnect the 1 "'—l "yifdes ink g 1nhydrida e tranglbitic ”r'dgwﬂiﬁgf—
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of the above aspect. a pressure Sensor, locklng p111 and/or a hydrauhcally or
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FIGS. 1A and 1B show plots of torque vs exioliation time, As used herein, the term “NMP” refers to N-Methyl-2-
which indicate rising torque (therefore decreasing bulk pyrrolidone.
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(e.g., drum) of a melt compounding machine, heating the
material to a temperature 1n a range of about 150 to about
250° C., processing the material until a targeted increase 1n

volume of material 1s observed, and obtaining exfoliated 5

product.

In one embodiment, this method i1s performed in the
absence of liquid medium, 1n another embodiment, it 1s
performed in the presence of liquid medium. In one embodi-

-
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able material into the machine, a first chamber having a
working volume that 1s suitable for holding and preparing
exfoliated material, one or more shearing element located
within the chamber (e.g., two or more rotors that rotate, a
screw extruduer) 1n such a manner as to apply shear force to
the material), a motor suitable for driving the shearing
clement, optionally a controller for controlling the rotation
of the rotors, a heating element for heating the material. In

ment, this thermomechanical method 1s performed in the 10 one embodiment, the machine includes a rheostat for con-
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sodium stearate; linear alkylbenzenesulfonates (e.g., 4-(3-

E—

dodecyl) benzenesultonate); lignin sultonates: tfatty alcohol

source for the motor and for the heating element, a convey-
ance system for transierring extfoliated material to a second
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caused by the in-plane optical vibration (degenerate zone modified GNP, prepared using the TME method, (1) a
cos e eodo) wd e Dowetsesdted o cielnd 300 2ol ronsdan, orow 0 0t IR e el | S0V Q17 7] —

1, associated with the first-order zone boundary phonons. using the CM method, and (i11) neat polypropylene (.e.,
Increased itensity of D peaks in GNP 1s indicative of polypropylene having 2% PP-g-MA). The flexural modulus
defects. Since there 1s no broadening of G peak in GNP, then 5 of the F-GNP composite showed an improvement of nearly

the defects are edge defects resulting from lateral size 26% relative to the composite from the CM process. The
reduction of graphite flakes after exioliation. Notably, the flexural modulus of the F-GNP composite showed an
symmetric 2D Raman band at 2600-2800 cm™" is charac- improvement of nearly 350% relative to neat PP. The impact
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N

graphite and graphene nanoplatelets. As confirmed by the the composite from the CM process was 30% less relative to
XRD patterns, the GNP produced was highly exfoliated. neat PP. In conclusion, F-GNP composites provide improved
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contract) the capacity (1.e., volume) of the chamber. For Raman studies were performed using a Jobin-Yvon/
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exerting pressure on a release mechanism such that when equipped with a 632 nm He/Ne laser source, 1800 1/nm
Jrrogin_ropadad e nedrmg osihc nhaerhey ol are 0 e S Ny ag Y J ] pugspropag cpatocy T laoar

F g - b L i & [ - — FyF__




US 11,760,639 B2

_‘ﬂﬂ J P

14

[, 1;

phucienl ‘No e e (e cdgay) P \da wl Xl il 1 Dr 7

minutes 1n a Carver press. Flexural tests were performed on Mechanical properties and electrical conductivity of PA composites

an Instron 3369 Universal tester, at a cross head speed of 1.3 Electrical

Flexural Impact
a1 1 A IMNT'™A X -~
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Mechanical properties of test composites, which were PA 5.00E-14 1854 = 19 34 4.2
- - : - PA/28.5 wt. % GNP 0.94 5717 £ 175 27 £ 1.5
composites of PP le’[h 28.5 wt % anhydnde-modified DA% < i 0 TGN o <084 = 105 .1
F-GNP (prepared via the TME and CM methods), were
compared with the control, which was neat PP). The tlexural
modulus of the composite with F-GNP (from the TME
process) showed an improvement of nearly 26% relative to We claim:
the composite from the CM process, see FIG 11B. The 1. Amethod comprising:
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12. The machine of claim 10, further comprising a pres-
sure sensor that senses pressure within the expandable
chamber and outputs a sensor signal, wherein the at least one
controller uses the sensor signal to control an operation of
the machine. 5

13. The machine of claim 12, wherein the at least one
controller uses the sensor signal to modulate a volume of the
expandable chamber, wherein the volume of the expandable
chamber increases as the pressure increases.

14. The machine of claim 10, wherein the at least one 10
shearing element comprises at least two rotors.

15. The machine of claim 10, wherein the at least one
controller controls an operating speed of the shearing ele-
ment 1n a range of about 50 to about 150 rpm.

16. The machine of claim 10, wherein the at least one 15
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ment at about 100 rpm.

17. The machine of claim 10, wherein the at least one
controller controls a temperature of the expandable chamber
according to a selected temperature or a selected tempera- 20
ture range.
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