(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/142133 Al

26 September 2013 (26.09.2013) WIPO I PCT
(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
C01B 31/04 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
1) I ional Applicati ] DO, DZ, EC, EE, EG, ES, F1, GB, GD, GE, GH, GM, GT,
(21) International Application Number: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
PCT/US2013/030344 KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(22) International Filing Date: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
12 March 2013 (12.03.2013) NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
. ) RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
(25) Filing Language: English TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
(26) Publication Language: English IM, ZW.
(30) Priority Data: (84) Designated States (uniess otherwise indicated, for every
61/613.938 21 March 2012 (21.03.2012) Us kind of regional protection available): ARIPO (BW, GH,
’ GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(71) Applicant: LOCKHEED MARTIN CORPORATION UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
[US/US]; 6801 Rockledge Drive, Bethesda, Maryland TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
20817 (US). EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(72) Tnventor: BEDWORTH, Peter V.. 17724 Comanche MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
Trail, Los Gatos, California 95033 (US) TR), OAPI (BF, BI, CF, CG, CI, CM, GA, GN, GQ, GW,
? ’ ' ML, MR, NE, SN, TD, TG).
(74) Agents: MORTON, Andrew et al.; Renner, Kenner, Published:
Greive, Bobak, Taylor & Weber, Fourth Floor, First Na- ublished:
tional Tower, Akron, OH 44308-1456 (US). —  with international search report (Art. 21(3))
(81) Designated States (unless otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,

(54) Title: METHODS FOR PERFORATING GRAPHENE USING AN ACTIVATED GAS STREAM AND PERFORATED
GRAPHENE PRODUCED THEREFROM

—_————

22 24 26

FIG. 2

wo 20137142133 A1 [N 0O O RO

(57) Abstract: Graphene sheets having a plurality of holes in their basal planes are described herein. Methods for making the
graphene sheets can involve contacting graphene sheets with an activated gas that has contacted a helium or argon atmospheric pres -
sure plasma. The size and/or number of holes introduced can be altered by changing the contact time, the stand-off distance, the ac-
tivated gas concentration, and/or the plasma power. Polymer composites containing the perforated graphene sheets are also de-
scribed.



