a2 United States Patent

Hu et al.

US009194920B2

US 9,194,920 B2
Nov. 24, 2015

(10) Patent No.:
(45) Date of Patent:

(54) MAGIC ANGLE SPINNING NUCLEAR
MAGNETIC RESONANCE APPARATUS AND
PROCESS FOR HIGH-RESOLUTION IN SITU
INVESTIGATIONS

(71)  Applicant: BATTELLE MEMORIAL
INSTITUTE, Richland, WA (US)

(72) Inventors: Jian Zhi Hu, Richland, WA (US); Jesse
A. Sears, Jr., Kennewick, WA (US);
David W. Hoyt, Richland, WA (US);
Hardeep S. Mehta, Kennewick, WA
(US); Charles H. F. Peden, West
Richland, WA (US)

(73) Assignee: BATELLE MEMORIAL INSTITUTE,
Richland, WA (US)

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

patent is extended or adjusted under 35

U.S.C. 154(b) by 500 days.

(21) Appl. No.: 13/648,751

(22) Filed: Oct. 10, 2012
(65) Prior Publication Data
US 2014/0099730 A1l Apr. 10, 2014
(51) Imt.ClL
GOIN 24/00 (2006.01)
GOIR 33/30 (2006.01)
GOIR 33/46 (2006.01)
(52) US.CL
CPC ....cccee. GOIR 33/307 (2013.01); GOIR 33/46

(2013.01); Y10T 436/24 (2015.01)

(58) Field of Classification Search
CPC ....cccee. C01B 31/043; CO1B 31/0476; CO1B
31/0423; CO1B 2204/32; C01B 33/38; CO1B
39/04; CO1B 39/48; C01B 37/02; CO1B
2202/02; CO01B 2202/06; C01B 31/0273;
CO1B 37/00; C01B 39/00;, CO1B 31/0484;

Y10T 436/24; GOIR 33/307; GOIR 33/46;
GO1R 33/48; GOIR 33/30
See application file for complete search history.

(56) References Cited

PUBLICATIONS

Isbester et al. “NMR probe for heterogeneous catalysis with isolated
reagent flow and magic-angle spinning”, Catalysis Today, 1999, v.
49, pp. 363-375.*

Anderson, M. W, et al., A combined MAS nuclear magnetic reso-
nance spectroscopy, in situ FT infrared spectroscopy and catalytic
study of the conversion of allyl alcohol over zeolite catalysts, Cataly-
sis Letters 31, 1995, 377-393.

Bucholz, A., et al., Sequential Steps of Ammoniation of the
Microporous Silicoaluminophosphates H-SAPO-34 and H-SAPO-
37 Investigated by Insitu CF MAS NMR Spectroscopy, The Journal
of Physical Chemistry B., 108, 10, 2004, 3107-113.

Derouane, E. G., etal., In situ MAS NMR investigations of molecular
sieves and zeolite-catalyzed reactions, Catalysis Letters, 58, 1999,
1-19.

Hunger, M., In situ flow MAS NMR spectroscopy: State ofthe art and
applications in heterogeneous catalysis, Progress in Nuclear Mag-
netic Resonance Spectroscopy, 53, 2008, 105-127.

(Continued)

Primary Examiner — Yelena G Gakh
(74) Attorney, Agent, or Firm — James D. Matheson

(57) ABSTRACT

A continuous-flow (CF) magic angle sample spinning (CF-
MAS) NMR rotor and probe are described for investigating
reaction dynamics, stable intermediates/transition states, and
mechanisms of catalytic reactions in situ. The rotor includes
a sample chamber of a flow-through design with a large
sample volume that delivers a flow of reactants through a
catalyst bed contained within the sample cell allowing in-situ
investigations of reactants and products. Flow through the
sample chamber improves diffusion of reactants and products
through the catalyst. The large volume of the sample chamber
enhances sensitivity permitting in situ **C CF-MAS studies
at natural abundance.
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