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Figure 6: Growth in the number of patents in USPTO in 2015 compared to 2014
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An analysis of 30 years of data on patent publications from the US Patent and Trademark
Office, the European Patent Office and the Japan Patent Office confirms the dominance
of companies and selected academic institutions from the US, Europe and Japan in the
commercialization of nanotechnology.

Table 1 Summary of nanotechnology patent publications for the USPTO (1976-2006), EPO
(1978-2006) and JPO (1976-2006).

USPTO EPO JPO
No. of Patents 7,406 3,596 1,150
No. of Countries 46 50 N/A
No. of Institutions 2.196 1,733 404
No. of Inventors 12,885 8,305 2,087

Nature Nanotechnology volume3, pages123-125 (2008)
(RARAY B3%E, 5123-125 (2008)
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All You Need to Know about Universities with Most Nanotechnology
Patents of 2018 at USPTO  2018FFEEEFEIRE
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INVENTORS AND PATENTS

U.S.-based inventors are credited for more than half of nanotechnology Although the United States leads in nanotechnology Percentage of nanotechnology patent literature,
patent literature*. innovation, East Asia has grown its efforts over the based on inventor residence:
last ten years,
Top 5 Leaders
Percentage of nanotechnology patent literature, based on inventor 2002
address: Europe 2012 2aate
: p 18.5%
2002
% iy 2012 s
America 56.6%
54% 711%
6.2% 4.9% 2002
East 1.3%
Asia 2012 23.9%

*According to McDermott Will & Emery, nanotechnology literature encompasses U.S. Published
Patent Applications, U.S. Granted Patents, and Published International Patent Applications
containing the word “nano” in the claims, title or abstract.

WHAT SECTORS GET THE MOST NANODTECHNOLDGY LOVE? it

In a digital revolution continually introducing smaller
devices, it's no surprise that computers and electronics

experience the most nanotechnology innovation, But 00 Computer and Electronics
other industries, such as medicine and materials—likely 7,000 w Chemistry
for commercial use—are also prevalent in
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What IS Nanotechnology’7 — Business & Science

GDP Market (per year) thiaGDP (fFE)
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Table 2: Ranking of countries based on the number of nanotechnology granted patents in USPTO in 2015

StatNano ___July 2016

Growth in Share of
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Table 2: Ranking of countries based on the number of nanotechnology granted patents in USPTO in 2015

201 SEFEEETHEIREPRIAEHEEH =

. Growth in Share of Share of
Nanotechnology | Nanotechnology Number of Country | Nanotechnology
Granted Patents | Granted Patents  Granted from All | Patents from All
(2015) Patents Patents Patents

1 Usa 4,053 4,365 7.70% 0 50.83% 2.65%
2 Japan F48 S02 20.59% 0 10.50% 1.63%
3 South Korea 254 239 41.25% 0 9.77% 4.05%
4 Taiwan 543 500 -7.92% 0 5.82% 3.79%
3 China 343 393 14.58% 0 4.58% 4.51%
] Germany 250 307 5.86% 0 3.57% 1.85%
7 France 207 242 16.91% 0 2.82% 3.41%
8 Metherlands 117 156 33.33% 0 1.82% 3.84%
S UK 100 105 9.00% 1 1.27% 2.28%
9 Canada 113 105 -3.54% 0 1.27% 1.57%
11  Simgapore 43 65 51.16% 2 0.76% 3.91%
12 | Switzerland 63 64 1.55% -1 0.75% 1.39%
13 Sweden 43 a7 32.56% 0 0.66% 1.66%
14  Saudi Arabia 28 33 89.29% 2 0.62% 12.96%
15 India 41 a0 21.95% 0 0.58% 5.57%
16 | Belgium 24 45 87.50% 2 0.52% 4.58%
17 Italy 48 41 -14.58% -3 0.48% 1.83%
18 Finland 28 37 32.14% -2 0.43% 2.23%

1%  Spain 17 27 58.82% 1 0.31% 4.04%
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Figure 5: Ratio of nanotechnology granted patents to nanotechnology published patent applications for various countries in
USPTO in 2015
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Table 4: Ranking of cuuntries based on the number of patents in all fields of science and technology in EPO in 2015

201 SERUMEF B EFIEHE=

No. Published | Share from No.
All Patents Granted | All Patents
icati (%) Patents

37205 26.07 1 UsA 15428 21.89
2 Germany 22857 16.01 2 Germany 14737 20,91
3 Japan 21564 15.11 3 Japan 10776 15.29
4 France 5950 6.97 4 France 5614 7.96
5 South Korea 6206 4.35 5 Switzerland 3403 4.83
6 Switzerland 5680 3.98 6 Italy 2572 3.65
7 China 5570 3.88 7 UK 2259 3.20
8 UK 4527 3.24 8 Metherlands 2247 3.19
=) Metherlands 4295 3.01 g South Korea 2013 2.86
10 Sweden 3508 2.74 10  Sweden 1935 2.832
11 Italy 3643 2.55 11 China 1450 2.08
12 Finland 2016 1.41 12 Awustria 1087 1.54
13 Austria 1823 1.28 13 Belgium 914 1.30
14 Canada 1666 1.17 14 Canada 791 1.12
15 Belgium 1530 1.07 15 Finland 760 1.08
16 Denmark 1384 0.97 16  Denmark 744 1.06
17  Spain 1380 0.97 17  Spain 565 0.80
13 Taiwan 1175 0.82 13 Taiwan 445 0.63
15 Australia 756 0.56 19 Australia 339 0.48
20 India 533 0.37 20 Ireland 279 0.40
21 MNorway 520 0.36 21 MNorway 264 0.37
22 lIreland 4568 0.33 22 Luxembourg 222 0.31
23 Turkey 415 0.29 23 Turkey 220 0.31
24 Singapore 397 0.28 24 India 185 0.27

25 Poland 350 0.27 25 Poland 156 0.22
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$) Stat N ano March 2016 Table 1: Top countriesin the publication of 151 indexed nano-articles in 2074 and 2015
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Table 1: Top countries in the publication of 15 indexed nano-articles in 2014 and 2015

2014 ~ 201 SEFEHERTEXISIZRS 1832

Growth of 151 Growth

nono articles of share

comparing to | comparing | comparing

2014 to 2014

1 China 41,195 46,363 33.89% 12 53% o L.745%
2 L5A 22342 22,814 16.67% 2.11% o -4.05%
3 Indiz 59 368 10,266 7.5% 8.59% o 2. B88%
4 South Korea 2,254 2,652 6.32% 4 B2% o -1.56%
L Garmany 7875 7.543 L.815% 0.86% o -5.22%
B Japan 7,274 7,085 5.18% -2 5E% o -8.48%
7 Iram 525 6,419 4 59% 16.18% o 9.07%
8 France 5,225 5,444 3.58% 4. 23% o -1.973%
g LK 4361 4672 3.41% 7.13% o 0.559%
10 Russia 3,549 4102 3% 15 58% 2 8. 70%
11  5Spaim 3,897 3,977 2.91% 2.05% -1 -3.06%
12 ltaly 3,745 3,951 2.89% §.50% -1 -0.659%
13 Australiz 3,065 3,451 2.52% 12 559% 1 L.83%
14 Canadsa 2,926 3,130 2.3% T.31% 1 0.83%
15  Tamwan 3,411 3,115 2.28% -&.68% -2 -13.96%
16  Singapore 2,304 2,373 1.74% 3.26% 0 -2.75%
17 5Szudi Arsbia 1,731 2373 1.73% 33 .24% 2 24 455%
18  Poland 1,531 2,187 16% 13 26% o 6. 67%
13  Brazil 2,070 2,132 1.56% 3.00% -2 -3.11%

a

200 Turkey 1,554 1,207 132% 13 360 1 6 45%
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Total Number of Citations to Nano-articles
Indicator: Total number of citations to nano-articles (Citation)
Description: The total number of times all records have been cited: This field displays the total

mumber of citations to all of the nano-articles in the zet of search results.
Source: Web of Science (ISI Web of Enowledge)

Tabde 4: Top countries in total number of dtations to nang-articles in 2013 and 2014

Citation
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Growth of Rank
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UK
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Singzpare
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Figure 1: Number of ISl indexed nano-articles in 2006-2015
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Quantitative and Qualitative Evaluation of Nanotechnology Published Patent
Applications In USPTO In 2015

Figure 12: Number of nanotechnology patents and published patent applications in USPTO In 2006-2015
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Employment Companies Focusing in Nanotechnology
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Table 1: Research Results for Nanotechnology Related Patents in the Field of Oil and Gas Industries

| No_|Enterprise | No.of Patents

1 Chevron 44

", N 2 Schlumberger 91

%m/ﬂ_—(%ilzj( 3 Eni h 18
IEH _Vf'.l'ﬂ.k )

TEXEEF| 4 ExxonMobil 142

TSR ER 5 Baker Hughes 217

b Halliburton 96

7 Royal Dutch Shell 99

8 BP 42

9 Total 63

10  ConocoPhillips 24

Figure 3: Share of Enterprises in Patents Related to Application of Nanotechnology in Oil and Gas Industry
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Figure 4: No. of Patents Registered in Each Year Related to Application of Nanotechnology in Oil and Gas Industry
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Figure 5: Accumulation of Patent Registration Related to Application of Nanotechnology in Oil and Gas Industry
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Figure 9: Share of Patents Related to Application of Nanotechnology in Oil and Gas Industry according to Technical Subdivisions
at Downstream Section
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MOTIVA Quantified Value-Add ATER4LIE(E /) Rive Technology

Rive Catalyst Added: No Refiner Capex Required
RNRivefE(LH: TEABHIPAIESFZH

Rive Impact on Refinery Performance RiveX3#5154EERISZIN Pr;%&;ed Aéll;ﬁa‘l
Decreased Coke Selectivity EEARITER M IZ(K Relative ¥8%: - 10 % Relative 8%: -10 %
Increased Total Liquid Volume SR =S Absolute 483 +2.3 % Absolute 8%J: +1.8 %
Increased C, Olefinicity C3 1% EERE(K Relative 18X +2.0 % Relative ¥8%d: +2.0 %
Increased C, Olefinicity C, &% IR Relative f8X: +2.0 % Relative fB%Y: +4.0 %
Decreased Dry Gas Yield F5=2[&(K Relative ¥8%9: -10 % Relative F8%: -6.0%
Decreased Hydrogen in Coke EEfRE S =K Relative f8%9: - 10.0 % Relative #8XY: -15.0%
Increased FCC profitability fi{CEM 2T IERFIEIEM 1&"8;% I ;3:%:1123(? j;gbl

Quantified uplift of $20 — 50 million in annual profit for Motiva

E1LEE: Motivar)EEFiHiEF2000 ~ 5000125E7T

American Fuel & Petrochemical Manufacturers, 17 - 47 (2017) EERFI SAUTREIERIRS, 17-47(2017)
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Grace Acquires the Business of Rive Technology, Inc.

COLUMEBIA, Md_, June 17, 2019 (GLOBE NEWSWIRE) -- W. R. Grace & Co. (NYS5E:GRA) today completed the acquisition of the
business and assets of Rive Technology, Inc., including its Molecular Highway ™ zeolite technology. As part of the transaction,
certain research and development, technical services, and commercial employees will join Grace. Financial details of the
transaction were not disclosed and the transaction is not expected to change Grace's 2019 financial outlook provided on April 25,
2019.

“Over the past decade, we have seen terrific progress and benefits for our customers by incorporating Rive zeolite technology in
certain FCC catalyst applications,” said Tom Petti, Grace's President, Refining Technologies. "As demand for petrochemicals
grows, the addition of Rive's patented technology allows us to offer our customers greater flexibility in converting crude oil to
petrochemical feedstocks. That delivers real value to our global refinery customers.” Rive's technology has broad applicability on
different types of zeolites that will allow Grace to continue Rive's development activities in applications for a wide range of chemical
catalysts and processes.

Rive Technology, Inc. was founded in 2006 to commercialize Molecular Highway™ zeaolite technology for catalytic processes, such
as those used in fluid catalytic cracking (FCC) units in oil refineries. Invented at MIT by Dr. Javier Garcia-Martinez, Rive’s
technology improves traditional zeolite catalysts through the introduction of novel channels of medium pore size (‘molecular
highways"), which enhance the diffusivity of these materials leading to higher value product yields, improved process efficiency, and
increased refinery profitability.
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RIVE® FCC Catalysts

g—

Our unique zeolites crack larger FCC feed
molecules more selectively with the first

- Powered by Molecular Highway“\ and only use of ordered mesoporosity.

Zeolite Technology

RIVE™ FCC Catalysts Powered by
Breakthrough Molecular Highway™ Zeolite Technology

INTRODUCING ORDERED MESOPOROSITY In June 2019, W. R. Grace & Co. acquired the patents.
Molecular Highway ™ zeolite technology is a surfactant-templated post-synthesis zeolite meso-structuring intellectual property. and certain assets of Rive Technology Inc.
process that introduces ordered, well-controlled, and hydrothermally stable mesoporosity into zeolite and its breakthrough Molecular Highway ™ zeolite technology.

crystals. The Molecular Highway ™ process is engineered to aliow a high degree of control in the size of
and the amount of ordered mesopores that can be incorporated into the zeolite.

Read the news release.
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