a2 United States Patent

US009409780B2

(10) Patent No.: US 9,409,780 B2

Hart et al. 45) Date of Patent: Aug. 9, 2016
(54) NANOSTRUCTURES PATTERNED BY C01B 2202/10; C01B 2202/20; C01B
ELECTROSTATIC PRINTING 2202/22; CO1B 2202/24; C01B 2202/26;
C01B 2202/28; C01B 2202/30; C01B
(71) Applicant: The Regents of The University of 2202/32; CO1B 2202/34; CO01B 2022/36;
Michigan, Ann Arbor, MI (US) DO1F 9/10; DO1F 9/127; DO1F 9/1271;
DO1F 9/1272; DO1F 9/1273; DO1F 9/1274;
(72) Inventors: Anastasios John Hart, Somerville, MA DO1F 9/1275; DOIF 9/1276; DOIF 9/1277;
(US); Erik Polsen, New Baltimore, M1 DO1F 9/1278
(US) USPC ........ 423/447.1-447.3, 445 B; 977/742-754,
977/842-848
(73) Assignee: The Regents of the University of See application file for complete search history.
Michigan, Ann Arbor, MI (US) (56) References Cited
(*) Notice: Subject to any disclaimer, the term of this U.S. PATENT DOCUMENTS
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days. 2002/0178846 Al* 12/2002 Daietal. ... . 73/866.5
2010/0244262 Al* 9/2010 Awano etal. ... .. 257/758
(1) Appl. No.: 14/090,746 FOREIGN PATENT DOCUMENTS
(22) Filed: Nov. 26,2013 WO WO 2008/153609  * 12/2008 ..oocovcns COIB31/02
(65) Prior Publication Data OTHER PUBLICATIONS
US 2014/0147372 Al May 29, 2014 Mansoor, et al., Inkjet Printing of Catalyst-Inks on Si Wafers and the
’ Subsequent Synthesis of Carbon Nanotubes by Chemical Vapour
L Deposition, Key Engineering Materials 2010; 442: 7-14.*
Related U.S. Application Data (Continued)
60) Provisional application No. 61/729,938, filed on Nov.
(60) 220\;811021121 dpphication 1o 226 Hed oL oV Primary Examiner — Daniel C McCracken
’ ’ (74) Attorney, Agent, or Firm — Reising Ethington P.C.
(51) Int.CL (57) ABSTRACT
C0IB 31/02 (2006.01) An electrostatic printing method such as laser printing can be
C01B 31/00 .(2006'01) employed for cost-effective and scalable patterning of nano-
(Continued) structure growth catalysts onto growth substrates, either
(52) US.CL directly or via one or more transfer substrates. Particles com-
CPC ... CO1B 31/0233 (2013.01); B82Y 30/00 prising a nanostructure growth catalyst are deposited onto the
(2013.01); B82Y 40/00 (2013.01); ’C0 1B 31/024 substrate in an electrostatically defined growth pattern.
e (2013.01); COIB 2 20’2 /08 (2013.01) Another aspect of the method includes pressing a mixture of
(58) Field of Classiﬁcation.Sea,rch ’ a nanostructure growth catalyst and a binder against the sub-

CPC ... B82Y 30/00, B82Y 40/00; B82Y 5/00;
B82Y 10/00; B82Y 15/00; B82Y 20/00;

B82Y 25/00;, B82Y 35/00; B82Y 99/00;

C01B 31/024; C01B 31/0233; CO01B 2202/08;
C01B 31/022; CO01B 31/0226; C01B 31/0246;
C01B 31/0253; C01B 31/026; C01B 31/0266;
C01B 31/0273; C01B 31/028; CO01B 31/0286;
C01B 31/0293; C01B 2202/00; C01B

2202/02; CO01B 2202/04; C01B 2202/06;

strate to bond the mixture to the substrate. Nanostructures are
grown from the deposited pattern in known nanostructure
growth environments. The method allows a user to define a
nanostructure growth pattern using familiar, user-friendly
computer programs such as word processors, CAD, or other
graphics software. Carbon nanotube forests can be grown
from magnetic ink character recognition (MICR) toner
printed on or transferred to the substrate.

16 Claims, 13 Drawing Sheets




