US008122909B2

a2z United States Patent (10) Patent No.: US 8,122,909 B2
Tonkovich et al. (45) Date of Patent: Feb. 28, 2012
(54) SURFACE FEATURES IN MICROPROCESS (58) Field of Classification Search ...................... None

TECHNOLOGY

(75) Inventors: Anna Lee Tonkovich, Dublin, OH (US);
Bin Yang, Columbus, OH (US); Steven
T. Perry, Galloway, OH (US); Sean P.
Fitzgerald, Columbus, OH (US); Ravi
Arora, New Albany, OH (US); Kai
Jarosch, Bexley, OH (US); Thomas D.
Yuschak, Lewis Center, OH (US);
Maddalena Fanelli, Columbus, OH
(US); Tim Sullivan, Dublin, OH (US);
Terry Mazanec, Solon, OH (US)

(73) Assignee: Velocys, Plain City, OH (US)

(*) Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 918 days.

(21) Appl. No.: 11/388,792

(22) Filed: Mar. 23,2006
(65) Prior Publication Data
US 2007/0017633 Al Jan. 25, 2007

Related U.S. Application Data

(63) Continuation-in-part of application No. 11/089,440,
filed on Mar. 23, 2005.

(60) Provisional application No. 60/697,900, filed on Jul. 8,
2005, provisional application No. 60/727,126, filed on
Oct. 13, 2005, provisional application No. 60/731,596,
filed on Oct. 27, 2005.

(51) Int.CL
FI5C 1/06 (2006.01)
(52) US.CL oo, 137/833; 210/511; 210/634

+~— Channel Center Line

See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

4,715,436 A 12/1987 Takahashi et al.
6,241,379 Bl 6/2001 Larsen
6,736,983 Bl 5/2004 Thies et al.
6,755,211 Bl 6/2004 O’Connor et al.
7,473,404 B2 1/2009 Chopard et al.

8/2003 Tonkovich et al.
2/2004 Toru et al.
11/2004 Tonkovich et al.
11/2005 Tonkovich et al.
12/2005 Tonkovich et al.
1/2006 Tonkovich et al.
1/2006 Tonkovich et al.
6/2006 Tonkovich et al.

2003/0152488 Al
2004/0028580 Al
2004/0228781 Al
2005/0244304 Al
2005/0272965 Al
2006/0016215 Al
2006/0016216 Al
2006/0142401 Al

FOREIGN PATENT DOCUMENTS

WO W003/011443 2/2003
WO WO 03/011443 2/2003
OTHER PUBLICATIONS

Stroock, Abraham D., et al. Controlling Flows in Microchannels with
Patterned Surface Charge and Topography, 2003, Accounts of
Chemical Research, vol. 36, pp. 597-604.*

(Continued)

Primary Examiner — Vickie Kim
Assistant Examiner — Robert Xu
(74) Attorney, Agent, or Firm — Frank Rosenberg

(57) ABSTRACT

This invention relates to microchannel apparatus that
includes microchannels with interior surface features for
modifying flow; processes utilizing this microchannel archi-
tecture, and methods of making apparatus having these fea-
tures.

21 Claims, 20 Drawing Sheets

N
-4y

Bulk Flow Direction Bulk Flow Direction

Flow continually moves
through the centerline

Like Features are
considered to have the
same influence on flow
pattems. In this example
the like features are
grouped in fives

Like Features

X))




