L5, 4 A

15U sl 9 s ale b o U

At 1 g B oy Juad

263 g b3 9 Ay ) S sl 2 - gl g Jllils

4) 156580 slch 555U ale a8 28 e (Bl S A pa gadild 5 3Vle ) aludis ol 5o ales (JLIA ) Nisayy (e 2550
Bei€ ) ()55 n ) e 3aBle 48 i 53 4y TS ilais (5 sak ey S (ome

pSie IS 50,8 (a0 o (550 L ol b 4S it (L) 49 sda) ol (et L saa QUS (sladial (Ve ol @l 5 2
AS e (5 ke 5 sk a4y Juad o)y () (il 4S i S aaal 5 o) 4l Casa 0

.\;A(,L.EAGMJLJJQ';\4S)ua,j£.5u\qot,\ﬁ@°jgﬁ,omﬁ@\Ju;ﬁg‘«sem‘s\)sjg}Q\Mu\,obm,j”\

SR L epl il b il Jl ) (2503 - el 0l 40 - 953 6 slcd s ple L (AT )

1

Rakhshani, Raymond. Systemic Introduction into Nanoscience and Nanotechnology. To Be Published in
2023, Createspace, Columbia, South Carolina.
2

Catalysis and Zeolites - Nanotechnology for Releasing Energy
3
g ol AL JUIS 4 aitinn 5 458 8 e Jilisa b o) " 1 €™ ) e ga Jl 4 Cpinad 5 Gl (50 (o Sy allie 4y (s yiasd (50

=]
E g
[=]p>rcta

https://t.me/natureofscience

Lila Az pa ) CpaSad JUIS 44 2l 55 o Cpinas
https://www.linkedin.com/in/raymond-rakhshani-16628a5/detail/recent-activity/shares/

4

Oe isma sl Qi sl 1) " s 4y it (L 5 G leT Baal s 5 e L aS cedl 33 sdke il Cllia ol S Cagn ) i L
R

5
“The Handbook of Nano Technology, Policy and Intellectual Property Law”, John C. Miller, et al, Hoboken

New Jersey: John Wiley and Sons, 2005.

6
Q\M\Jw}@mﬁad\ﬁadﬁ'}u\ﬁ}gﬁ IR (‘leuA‘) ))admgyebﬁdujméjmdu d.\‘d_gf_lymu.:\ Jhﬁj\)a?l\.?
Lol gl e 1Al edin 3 ) sme (R ()50 el

;

Sanders, Wesley, C. Basic Principles of Nanotechnology. CRC Press, 2018.

8

Sattler, Klaus, D. 21st Century Nanoscience — A Handbook: Industrial Applications. CRC Press, 2020.
9

Ed Regis (Author), Dean Sluyter (Narrator), Audible Studios (Publisher.) Nano: The Science of
Nanotechnology. Audible Studios, 2013.


https://t.me/natureofscience
https://www.linkedin.com/in/raymond-rakhshani-16628a5/detail/recent-activity/shares/
https://www.amazon.com/s/ref=dp_byline_sr_audible_1?ie=UTF8&search-alias=audible&field-keywords=Ed+Regis
https://www.amazon.com/s/ref=dp_byline_sr_audible_2?ie=UTF8&search-alias=audible&field-keywords=Dean+Sluyter
https://www.amazon.com/s/ref=dp_byline_sr_audible_3?ie=UTF8&search-alias=audible&field-keywords=Audible+Studios

Wl gi) g Sl = 1206550 g bwdl 31 9 10 alh ) 5) s 105U (s o9 0B

0% 150l 02045 1458 gas (sl shas 4S 5 53 (5 38 (g ) ST 5 uBlagB (o 5 Ban s (el 130y Jead UL 0
1730018 58018E e 40 ¢ pase (ol 2 (U st Jilo (prinad aid o 4nlal 18 53 gus (slad shs Ly ¢l 258 e Jusid (i
ale by 3z oA 1505l ol om0 2 MBaivd W1 (1L ad (oS 5 ol jlasy 4S ol (gl 55 s 3allEIS a3l s 3
G alia s 3allilS DE" 4S Al (shilinn g0 alana S 50 Jbie (5l SCama 0515 () I e shaie Yla aglaii S IS0 a8
o sen 4 2N 4S €513 b 0315 (pale i a5 g (oS 5 o 58 e ealen (et " 10nude gan 3500 5 i€ Sl

SIS 22080 21 adass Nl e s O Vs 48 2 5d QIS e b alal o e 230 e 4S Causl 200500 B 4y (5 e () B

10

Frankel, Felice, C. and Whitesides, George, M. No Small Matter: Science on the Nanoscale. Belknap

Press of Harvard University, 2009
11

Holmes, Paul, and Bhadra, Sitav. Off Grid Solar Power: How to Design and Install a Mobile Solar System
for RVs, Vans, Boats and Tiny Homes. Independently Published, 2021.
12

Duskin, Bob. Extreme Fudamentals of Technology: Second Edition. Amazon Kindle, 2020.
13
JUIS 45 ainen 5438 K e Bilisa b a3 "8 T 5" ) g il 4 Coinad 5 Gl (53 (o ISy allia 4 (oas S (51
YR e‘ﬂ

14

Fuel cells
15

Bertino, Massimo, F. Introduction to Nanotechnology. WSPC, 2022.
16

Larminie, James, and Dicks, Andrew. Fuel Cells Explained, 2nd Edition. Wiley, 2003.
17

Catalysis

18

Jain, Faquir, C. and Broadbridge, C. and Gherasimova, M. and Tang, Hong. Nanotechnology for
Electronics, Biosensors, Additive Manufacturing and Emerging Systems Applications. World Scientific,
2021.

19

Sels, Bert, F. and Van de Voorde. Nanotechnology in Catalysis: Applications in Chemical Industry,
Energy Development, and Environmental Protection. Wiley — VCH, 2017.

20

Injection of something into a process
21

A surface
22



(oo )l 5e sAar 5o Uiled 5 24050 liand (A5S o 9 ge LG AS a0 g ) s Jia b Py sl ) b cpadidia

27358 o paan JS1 5 O 50 353 A5Gl (53 263 9 (PS5 ) i 0 48 250l (5 3 5508

rea Joutb
consumed in'tha reaction M o

EEREH ST L T T

228 5 g s sha ) Ll ZBailaiily 15 bl 8 5 pge (5 5 ¢ Sl (S8 5 358 ) Siee 5 SIS an

G0 e S O L0550W 4503 (51 dan )l (B s o LAl 50 4S 45 Kilea L sl 5 930l 45 Ss 29 30018
HJJGLA ‘d)&u).ﬁ uhujj‘)é:m JL}J‘) ‘\}A JQJP‘%O‘.}:\M}S‘ )\ ajuim\\g‘;ﬂ.u,\‘\s \)..3) ¢l ‘—“-\Ag;‘b}“d}h J)SJ\S
) O3S (Sl s 50 YL 550 L (A 5sme ) @aS ) Gl 5 sl S ad gl i il le S b S
o Lo cpum 30 8 s (A soi 4 1) O 5 3828 Gl o) S B2 ST (a0 SBlo 380 ol s 805 2
DS 4 Sl el (QESI g (i S il (e Gile S ) n b s e S0 0358 G 1 (s iy a5
Aol

aalond 48 R IS (R g slad sh 20 )8 (51 S 40 48 23lga 5 alUIS Ol sie 40 (5 i ge Culein Dl (s s (Sl
355 3allS e gansa alls i (5800 (so L 2dlge o i 3a (il ) sl Ll (1SS (025 L) 8 il ean R

1 ol U st lais ) Jliay 48 cuadls s ol slc 5 o) Siia 551 aiS e s S sl Dy (o jluaia ealiind l 4S Ca

) e B = ghane 5o 3 ) ge JIS) 3 i) g 48 a8l ledly
23

A specific shape or a particular angle

24

Particular availability of electrons leading to a rush of chemical activity
25

Ahmad, Awais, and Verpoort, Francis, Ahmad, Ikram, and Tabassum, Sobia. Nanomaterial-Based Metal
Organic Frameworks for Single Atom Catalysis. Elsevier, 2023.
26

Chorkendorff, I, and Niemant, Sverdriet. Concepts of Modern Catalysis and Kinetics. Wiley-VCH, 2017.
27

Fosters a reaction without being consumed

28

Hanefeld, Ulf, and Lefferts, Leon. Catalysis: An Integrated Textbook. Wiley-VCH, 2018.

29

Catalysis
30

Franklin, Feng, and Tao. Metal Nanopatrticles for Catalysis: Advances and Applications. Royal Society of
Chemistry, 2014.
31

Emission of clean water

32

Asthagiri, Aravind, and Janik, Michael. Computational Catalysis. Royal Society of Chemistry, 2023.
33

Can be harvested

34

U.S. Energy Information Administration, Annual Energy Outlook; 2020.
35

Catalyc poisoning



O A S 4] it i 5 died gas O 85 55y (510 2 g 5l gy (amad - shans 4S Calapen 5 28 G i Sise

0 sodly (EALS Ladiy ja U andls (il aiile Lol S sla 3l el 50 U ilea o b 800 (a5 50UIS sy (o) 5

L e@dsous dad ) (e s Jise alagBa sl ol se il 8 S0 a1 e G QS sl cl 534S (5 B0 w L Ky
&S 525 a5 Lk it Lalue 4S wiS (5 lag8a (IS (9300 1) 0550wl siee Le 4l 30l (335 )0 A s
Gl al i Lo eldgaa 3 g oy juda |y 0l el (o () e 48 23 5L O o sl (5L «ans o O sl (5l g
S abau b sloale aS ke 5 camd Juli | ddlial (sl andly HiE ) candly 4y 50n0 (limd 53 35008 )l s VL
U5 3708 uudiga 5 (o) sl Ladidia 48 o la (5318 ) S ) (sm e il s pd) g3 (1 4S (a4l Cul 55 ke

OF 3 48 350 0200l 3900 S i g 5 Ly 03 S JBs 5y ¢ 1 (ounig (5 (o 385 i g ) OF e 0550 lad S

OF gy g 40 1) 253 Lad She () 48 sga (€5 ga pen b (550 n SOB Y s 40 Se (3 5k
LAELeal&isl 3y se 5 Cudly y i U (0K e Jaalia 3 g o3l

LAl 500 e aSeal&an canlgil o ySealitn) Kol July S e p2alia AR g slad sl 3 )50 348 63 (ale laa
o )8 o) 3 ) 5 G U o )12 0t80 ilaand () s 1) el e ) cai€ g8 g 58 U ai€ e ol 1) (o205 53 (550
AS Causl (i 53 5038 (e d Sbe (5 8 S0 sl lda i 4l candail e Gl e S g (slad sl 40 4SS
3 601 B0, oS aS o (il Abll 4S) (sl (5 sl08 o el R0 Dltial sl ol adshas O (s B0 5 0 5 cdiasa ga 1sa
ad sl 5348 Culadl 53 Sl 5 (sl & ke (5 800 b (S i se (53 ) 30 (el a8y Cansst (S O Ly () el Allise
DY Aag 5y A0xilbalalea) goadian 50 53 G lasphal 2 aSlla ) el Jae D gus Iy oali g ) e g 258 (IS s
AES G lrting 1 e 5 aelie (s ) LAy 1 S il sie L (A s J sl

B st a4 Canlail (o Yia Canloa o2l 43 8 o_ya 35y 5 s Al 43 5 ¢aidlapy oS S (50315 40 U8
S sl o )shaie 5 (A8 3 e i | (aard (P38 5 4S (5 Sy 5 IS St pge LIS 2l 3 3o 5l

5 S ge aal i |y (S) 5 Sl 55l €2 )] ga Ban (A a3 Gl 31 1) CESIs el ol JS L Jlial 5 jllilS
O o s ) 28l e AL ibe 3 (640 g e a3 ) g LIS il B 50 a8 aalia G (So b anal 50 JRS) 5 o0 (s
ool Aty A 5y i) i oe gl L0l 4By (EiSan 53 8aaSo L il e (o8 S8 Lo Dlie) L sShe (oA 5 48 3120 5L

A0 dea g JKa 53 Ll (A€ 0y 5a g

36

Banerjee, and Bubun, and Chakraborti, and Asit, K. Aqueous Mediated Heterogeneous Catalysis. De
Gruyter, 2022.
37

Ahmad, Awais, and Verpoort, Francis, Ahmad, Ikram, and Tabassum, Sobia. Nanomaterial-Based Metal
Organic Frameworks for Single Atom Catalysis. Elsevier, 2023.
38

Gawande, Manoj, B. and Chaudhery, Mustansar Hussain, and Yamauchi, Yusuke. Surface Modified
Nanomaterials for Applications in Catalysis: Fundamentals, Methods and Applications. Elsevier, 2022.

39

Adsorption

40

They are integrated together
41

The crucible



Ghome 0sn L 5 B ealalae 418 5a G on Ll capdly 4By o a5 sl (ACESaA 12 4 S ot LS5 0L S Ys
Bl sa Sl 51 ASH) (S iy G eada (5 sady GRS)5 U a0 el (H20aile b eadans (8 jra aila) 5 5US e 58
i L 5] A Al b Ml ) saa i 5 408 (53 ) e S 50 (saiha b lad Sle Cadi saisha

A oo 54 (S5 3 5a s RIS (sl 81 (e 3 Al Ca (Mgl b R0 L el o caSa) S ills
o )3 M5l ) b 5 iy Coly e IS AS AT60IS 5 JB (1308 ) oo 53 43 Dlia (4880 ailly s W sSda (g 40 i
25 ES s s ) s ol 4 el sane aled 50 aS (JSde 50 b s O Sliae Gy gea O o 250 JiB 0l
A8ia0 o yree juad 503 K0 ) 5A 3 a2 by (slae jee diile L Ledl 5 2 aa) a0 50ilSal caiiid a3 s

RS GRS 5 (S48 aysloe 25m s 1) eadans Le 48 il 7 sl Ll 490 T (43 5 ooyl ¢ IS 2l 5

Jae casd J oo 48 2 5 ey gas Gl s J 580 48 3 5 O o 5 42338 (0 )08 e ol 35l Jids (2SI
ol asgda (s ) LS Moo Lia" ) (e oalal 4S 1y ol T g S sl JsSla 5o 4 sl (5 e Mo ) (O b i g
A aladl s pay GRS 5 U cadly Bl yer il i (514350 5 L U caiS e a8 Casd Jo8a (5 0 1) anlia () 48
5ol (J8da sk liie 5 (haard (3385 (80 (o) alia (ayl 58 03 S abl 8 ¢l 1 (5452 s Al 50
Al 900 yie il sk (el casivan o8 4S 45 Kiles

10 P5Latin e 5 358 (52550 OS5 O Sl (A4S 1) Cam ol o 51l (55l (B 48 Gl G gy s
U5 2050 4510 1 534 3 (sdidy g 5 oa) (sladliald 4S andly 45513 520,50 ) oa shaas Ly Lao sha Lo 4S Caud) (Scan el gai

e (S8 9 (g5l AS ladiae ) ) (So 50 ) ol an alend (J3EK) g g ARSI 0 ) A 5 (ESaA )2 0aESu K s S

42

Without some kind of surface or a tether
43

Frequency of collisions

44

Kobayashi, Shu. Nanoparticles in Catalysis. Springer, 2020.
45

Kind of an alignment

46

Van Leeuwen, W. N. M. and Claver, Carmen. Recent Advances in Nanoparticle Catalysis. Springer,
2020.

47

Lock and Key interaction
48

Inamuddin, and Asiri, Abdullah. Sustainable Green Chemical Processes and their Allied Applications.
Springer, 2020.
49

The crucible
50

Molecular or Nano length scale
51

Palmisano, Giovanni, and Al Jitan, Samar, and Garlisi, Corrado. Heterogeneous Catalysis:

Fundamentals, Engineering and Characterizations. Elsevier, 2022.
52

Platinum facets
53

The necessary orientation and the spacing between atoms
54



AL e 00 sl gA B5laciul ¢y 4ail go 3 Caaldidly (6 3800 ke slacid pin s e o 5 al e 3 s ayla
T » M) A3 BN Gl ) 9 WA 901 P
A1 (gt e liale (Ses 48 213l e aalhy b asnalS b aads e saie sl salSolns a6

J&\@hﬁ&&hﬁh&\‘_{gﬁh‘ﬁw‘&bﬁsm_)ﬁﬁuﬁjdd‘ﬁchd@ﬁqgﬁ\)agﬁ)&u&j}@]
4357 s jia il i e Lol atiia 5 5% 550 sk slaalite o el dla jUale cpren ¢56lacy s ) | atiea aitle sSda 4S

AEL 4530 3 ga (0 Sl ) 50 5 0380 3V sha by 531 550 58Las ia Lal (2LEL 4TI e gl )V ALY v b ki

o el 9348 5 alic i K Gk ) ) dila k8 anl §ie 5 20 Jlae |y (e jia Gaia 4S it 59 ladila (led

Poli, Rinaldo. Effects of Nanoconfinement on Catalysis. Springer, 2017.
55

Zeolites
56

Templates
57

Pores

58

Poate, John, and lllangasekare, Tissa, and Kazemi, Hossein. Pore Scale Phenomena: Frontiers in
Energy and Environment. World Scientific Publishing Company, 2015.
59

Rings



N A RUR (g ) 0L 5 e O0nilaal 5] (o s (i (5020305 48 Cand 0 UK jualic O Nism £ 58 @dls 0
585l JSha  adlaiad ga o lacul 65 ) Jidigian (o (paegr B4aa e JSE ) B35 JliAlu Cuas ) A4S ) 62 jalie

0 sdisa A0a B8l (50l g (i 255 (5139 Led JHES e ) Cppiman B7chuu) 86 2nSy 4 atll (il R ) e (S50 aa 3l
L e (W UL L (63 50 5 280 LIS (S0 5 Al (RSpaa 50 BaxSo LB aila IS (s 3 6l 4 s palie o))
_693_")'1_“%

Ll ) il sie 43 8 Sansm o s (5 )lialu sl ) ge cpin ) MR (5 say il 50 40 S La 4S iyl (i 3 Yla
a5 5 5,0 (g0 hsm 3 5e 5 (0 5SU Andl DA ) 4SS TaiS saliiul 8 (laed 5l 58 IR L (sl o) s R AT )
o LA G paa i g 4y i | ald i U i 5 e 4 RIS POl S pae (IS 5 (Sl (51 o Ll (ki s
OB 4 IR el & e o 3 4 cua) phianat (6351 Lo 3L 5 S o ) Jams 4y (SeS Laluse () 4S 2 50 il (Sae
1) casd olae @l s 5 IR (i U2 000 ey a8 sy 5 Uasela Ol g adaad 534S Cot (3 2iS Jie 72 oy slags sl
6a53n B capdly i Le &) canili 3 o abl 3 laly slagsyslch 40 IR IS 5 a0Y il ) Jles mha 0 (s i
4 S Ay (5 )l 0 (63 50 i Gaob D) 1D Ll g bl 58 a0 5 ea S Jai WIS ¢ i phdaS ) (lud (clacd s can
JiohaaS (S S a5 e ) SBdn 8 5 g o Bula il (sl s U e ey adled S Crexd XK ¢

Able e dxala 5 Curiea (sl G S5m0 8 SIS g3 o8 ) 5 a8

60

Tubules
61

Haghi, A. K. and Thomas, Sabu, and MehdiPour MirMahaleh, Moein. Foundations of Nanotechnology:

Pore Size in Carbon-based Nano-Adsorbents. CRC Press, 2014.
62

Various bondings of elements
63

Preferred structure
64

Lowell, S. and Shields, Joan, E. and Thomas, Martin, A. and Thomas, Matthias. Characterization of
Porous Solids and Powders: Surface Area, Pore Size and Density. Springer, 2006.

65

Synthesis of Zeolites is very smart and tricky

66

Deep understanding of the affinities of atoms to each other
67

Ejka, Jiri, and Morris, Russell, E. and Nachtigall, Petr, and Millini, Roberto. Zeolites in Catalysis:
Properties and Applications. Royal Society of Chemistry, 2017.
68

Crucial

69

Martin, Andreas. Zeolite Catalysis. MDPI, 2016.
70

Cracking the hydrocarbons

71

Speight, James, G. Handbook of Petrochemical Processes. CRC Press, 2021.
72

Sustainable technologies



iﬂwt@]‘&ih’_\u\ u] c\.&xu.\‘)s‘j‘)..\;\k uwm&‘)ﬁug\ BN ct,quﬁ»ijs 73.\;45‘546‘)1.7@@‘5)‘:33.1 665‘))3 c\AC'_l;ﬂjﬁ‘)
ol oS (A S 5ue 4 1) el il sie Lo 5 ¢ iR in an 5 Sl (ol D b 4l el Jygla Jlaess o 330 s ik
S dias ScSaw 5 i

o A A A A 5 - § E 'K e
Rl i imel il Sl i b 1 i A S S §

O3 3530 L U S on (ouadiga 5 oAk lin (sl 31l an g JSE Sl 3l aa 1 el 5 Le sl s 5008 s R Se L
i 1 5 LU 5 S (a0 S (1S a5 Ve B0 a1 ol 5 Jish sl sSde i (lasd (23815 o 5

S

b 3 Aadl a5 S e aaljh lband GRIS) 5 (5] 1 eadan s 4S Cunl (ia 3K e Jae il 655 4S (sl s
L (o)) uliie S0 Sa 5 gl Jleia o sgdas iyl )2 76Liab (5 5) 5 7503 5 sl o0 353 53 conh ol A 74 liad Caallaa

Ailea (A slad

73

Corma, Avelino, and Zones, Stacey, and Cejka, Jiri. Zeolites and Catalysis: Synthesis, Reactions and
Applications. Wiley-VCH, 2010.
74

Steric hindrance
75

Weitkamp, Jens, and Puppe, Lothar. Catalysis and Zeolites: Fundamentals and Applications. Springer,

2013.
76

Steric



(o 1) (oabiia ol 0 4y le ) e can xS JS 1) 77 pilidad i il (50 315 ¢l s 535 2 )50 50 L 5 (omnd 0 o 4S8
auiledd o1 (sWae jia cpl (5530 52 ) a5 21 (a5 5 iy dad Sle (an A4S il O 45 Le sl et jy T8y la o L
g gen Qs 50 i (SOU G ey i S (7908 5, L) (g (Aied Laciud 53 ) 03l 2 45)

o2 g A8 ol SalS K (A asyl b

5 CESaa 3 Qo) a8t Kon (adsSde b 5 edipd 2 Lo jia G500 ) i a4y 2 i e S he S (ummy L
NS e gee Wo s (553 5 S Sl (Wl i) (S 7 s b e i)y

el 3 Saas L) (e sine sl Sl (il saliiul 3 ) g0 BOAA 8 (LSS (5) 3 4S (Al 6 ) adidia (54 sa
_MJ\J oﬁeudig_A G,:é.l Jlt-"“‘:’ d\.ﬁa)\iﬂ L Laaals s\AJUiLm u] A< At (UJ:“““S‘ 9 US\_”\S:\....; se).u*e}“

7

Steric effects or steric bulk
78

Vajapara, Shailesh, and Pathan, Amanullakhan, and Vaghela, Hiral. Synthesis of Zeolites, and Zeolite-

Lanthanum Oxide Nanocomposites: Adsorption and Photocatalytic Studies. Scholars’ Press, 2019.
79

Adsorb
80

For crude oil cracking



oY ol a3l b Bl ,8 e 18 Gulad 53 S L g 0ad (B yee (pBiie (s S 5 ub caddia 3)5a C) 2
g g5 4 cond sasel B2 SIS (SUh 4al (L5 i aa) b LRSI (3ia3 (5
8 e DA 80 0500 4S Gl (band il o 534S (B35 WIS (gla Rt )3 carin ol81 48 i Kilar allilS 6315 355

Sefioe 488 0 A (s

4 LB 53 e il o3 o R (i aob Ol Al Gsom s al 5581 ) A8 el i s s
RS0 L il 5 80l S i R Ly el b GRYL (ool 850 55 Jaaih (g S amactun 5 sl ) b (52 e

23871 ja) 5 (g tuealy 5 lacul

) cila 3l ST Gy Jia 893S e waliiind 881 oS 33 pue b Jlpe e &l L algie 1 il o Kt 5l

Bl a5 L Uy Ll caiSiga e Ll ) indp Gl 4S cala (s Jalie 50 L S Dl (gondiciy jad (slag] ) sms 48 el 5ad

81
Yadav, Veejendra, K. Steric and Stereoelectronic Effects in Organic Chemistry. Springer, 2021.
82

Catalytic cracking

83

Catalytic converter

84

Gets processed more
85

Xu, Jun, and Wang, Qiang, and Li, Shenhui, and Deng, Feng. Solid-State NMR in Zeolite Catalysis.
Springer, 2019.
86

This idea of purification or selection of molecules
87

Can be implemented

88

Molecular sieve

89

Parker, Philip, M. The 2021-2026 Outlook for Zeolite Molecular Sieves. ICON Group International, Inc.
2020.

10



ok 53 90sle 31 ity R adla 5080 IS 53 Lo 48 1y et s o side gl Lo S0 43 caiibogga o (500 W 3

g
M
{(

\JL@.’JQUSGA‘\S‘gsﬁ@dﬂu@ﬁj‘)})d\JL&d)ﬁA‘\g@\:\hdﬁgzm&o)ﬁdﬁQM_gbj\ﬂl\\o\.&é\})d
el (I o8le 945y sy

NN

ﬂﬂduo)h@jjjcjhhﬁwduuﬁsehjdu\ ‘ﬁSSU_\:\):\.\A}d)ﬁ\Jej\.\j\ﬁﬁ)d\ﬁu‘\i}aj‘_g\)g J.\.\SJ.\gd\.:)r_
L aitas icSa S 4S (53] o 43 9ad (5 3 90ariS J S 51 )5 lad e i e Ly (5 8L 2 i 5 U 283 e () 5 Lay (5l

_ﬂ)ﬂhoﬁj\&;y‘\_}ﬁ\)ﬁwsﬁ)\d@;)dcjh\_})ias@ﬁs?hjj

90

Size selection in millimeter scale
91

Size selective
92

The size and also the shape of the pores
93

Karge, Hellmut, G. and Weitkamp, Jens, and Anderson, P. and Beyer, H. K. et al. Molecular Sieves. Post
Synthesis Modification I. Springer, 2002.
94

A sieve
95

Interactions with inner surfaces of tubules
96

Karge, Hellmut, G. and Weitkamp, Jens. Molecular Sieves, Adsorption and Diffusion. Springer, 2008.

11



Z

il e € Lo a5 ia b i€ e S a iiual dad sSle S Ay Ll

223 (5 slean (slosle 48l L a3 e SR L Jl Sl (sloale 4S Cas 0 (el Ll (alaS b GV (530 50 (i 2
i e (J e Jue B i€ oal pla lindl | Gl b (B bl )8 U s 538 Lo a8y ol 00 Jitie J e Sd gsm
25 (saiall 55 i 48 oy 58 ) ladsShe 0L 5o 5 S CRVL | ad Se 0 5Sa sS L L (RSam 50 0 S L (53 5

Gl il 4310 99 ,allAL (sloale 98 goi S (s ids (5] R (slealiin b 97 lita (53 5 S L 4S Gl (San (53 0 0

Lo 4S Canl (San o Sasen 1 53 3 5305 e O el 31 4S mpla (855 (e (liand (IS5 Lo 4S i€ (i 5h e g
s yidia by (52l 3l 48 2 )1a Sl Lol candly 4iBlai (g )l 3 i e 2l 6 Gladi] B 50 48 ol a5 s slasa )l B saar 4
3148 GRVL L 100,,m 085 £ 5 0l ca )l ¢l 3 LA 18 (e )5 L Jam e eSS (sl sSda g e (5 Ko

97

Different applications
98

Constituents

99

Impure substance
100

Purification

12



o) ad ¢ 103y pa (slaelBidila T (s sl 3 102080 Sise e il 5 e 10TaAlaS) o uS 5 4 Gapms 5 (Sl 4o e

LSl salaiul Ay sa 104&3& dl.l_)c

)
1

4 e 4S ) (San (AR ol oaldind 3 ) 50 (CALECI A 5 bt 4n) Ldas 50 o) sed G cariun o8] 4S 45 Kilas
pladl Gl a3 )5 258 (haasd (S5 s B (agle) e o L capdly 43y (o hame 53 DS LA ola
_105HM

(s st Dlie L 0a S J S 1) (A aiSan 53 (pin 4S aatl i e La (A8 1310 Jhanss (e aiSan 50 il 3B Ly o 43 el g
0 L ol VL s (ESaa 5 Jily aailaiila (B3S)5 50 Galla 5 YU S B et O Jal 48 o 580 150 1) Sl

P YL S 555 a8 anS al jla il ) el 5ie Lo (2072 e 55LE L (a0 4S (108la() 5alS L (rinan)
Gl i) Sl Al coad Wil (L1 5 5 g edan da ol slad sShe (san (L0500 ) Jalae Al 8 L asi 5o 5 i ol

anl dala) aad slaelile J 5o (Sl J8S1 5 Gria adled 5o (IO 534S ) lae laa Lo S s X

Jy

GES) 5 5 e o a) co3 S8l (45 Cal 515 (5 ke (S oSEA () CSUEA Ui 48 1) L slae pibl s oa K1 ia
A 3en Jtae O 1D G slad sSda stan (il aiilan) Cul i) 5 i€ )y 2 anh e

101

Speed translates into time translates into composition
102

Szostak, Rosemarie. Molecular Sieves: Principles of Synthesis and Identification. Springer, 1998.
103

Experimental laboratories
104

Molecular sieve
105

Jornitz, Malik, W. Sterile Filtration: A practical Approach. CRC Press, 2000.
106

Cations
107

ARy i e 5L e (s a8 g sl 4 Gady Jual 0

13



' L e
S8 ) slad Sl dals ale ] a8) SGl& ) el slae b asil 5ie (i 108auas alail g sSae (523 i il i (S
4ol 4,00 b (Sandad x5l ¢ 81 & 110 sl Ly 4y ;3 Ly gl (1 58k (gl Slail 48 oS IS (aituss 109 s
sl 2ns Jilay et 11T had e S ) slad sSle SiS) an K1 eajla el g 51 (S Ciph g (adaieds s Gl S
A3l o el (B SULE 5 daa el LIS G0l diety g 5 (B3 K 4 LS (1125
o O 0L 4130 (ESaa 50 S8 ) lad Sle b s jlaess 48 (o€ al k114 5 R0 Ladiiie (el 30wl sige Lo
16,5€ 115 S8 |y sk y usliiie sl jlail 5o ) 258 Hlai 3 ) ge S ) glad 55k ol 53

7 <

&>~

108

We can do the converse
109

Impure organic molecules
110

Molecules of different sizes and different polarities
111

Nonpolar
112

An electric field
113

Parker, Philip, M. The 2023-2028 Outlook for Zeolite Molecular Sieves. ICON Group International, Inc.

2022.
114

Specifically hydrophobic zeolites
115

Rank, sort and classify in different sizes
116

Molecular sorting

14



b AL ()5S 5 Sl ¢ sina ol G T17en3aialid iland GRSy ) saliind b 30 il (laiadaly 45l Culgs
sy i e 1l L aaila 4y 4S 203l 120 adifia i (AJSE 5 caiidla 11945 53 las ia U e jlo 118aka50 Loy

_122Hﬁbﬁ‘ﬁwduums\jom)\‘;M)quujum\)sbu@,ﬁ‘mmadu

s I - -

By a8 e b la el ey i Hlail e ):S I padda S JSE 4S8 é‘.-.‘-‘:‘-‘..l-‘\:‘-‘ Haali Os2eh 123Was yin 4y e:u\)SGA |9
Al JSle sladboe blani ju lea Ll 124005€ o )...\;_"mj I ad Sk

117

Parker, Philip, M. The 2023-2028 Outlook for Zeolite Molecular Sieve Catalysts. ICON Group

International, Inc. 2022.
118

Very regular structures
119

Symmetrical pores
120

Very specific shapes
121

Forming rings with defined sizes
122

Parker, Philip, M. The 2023-2028 Outlook for Zeolite Molecular Sieve Catalysts: World Market

Segmentation. ICON Group International, Inc. 2022.
123

Pores
124

Cages, or caves that precisely trap the molecules

15



\J.;Lg\‘),\y}mﬁ‘)udcﬁj‘ﬁdbuwuwd\ﬁoué}ﬁaﬁygdgﬁj\ad&u\d)y)&@éﬁd;&&@bh‘éb)&
adsSde 510 1) O pui) i e ALy eann 125 5 36 il () Lt e oSda 2 pas 2 g0 4 S IS0 dala )l e (25
S ool 50 L IR 45 S 5 sl g 2aSlisn ¢S 2ul6d (S Sl

3028l | O o jls (sl (A 5 AE 258 20 jas dy (mnde (558 (63555 a3 Le cledl (5 8BS 5 ) g el 2
126,58 (6 Sdlg | (s e 40 (i3 80 (538 ) (oanilia a8 i

Ll 1) Ll Gl 53 )38 0 35 el 5 iy il ) (samns 88 5 (oalsla (s4daa ) 3 (5 ladir slacid iy ) ladle o
P AL s cnse QlelaS ) sl le) Lo oS saliial (5 ) 55 i gu (la ) sl s 51y Dlie U i€ g
S aa b oy (sare Gl a0 i ABlee GA s

4S) (55 O e 48 2 sdie o 50 e Oy ol (bt G GES) 5 5o S TS OIS Clda sy sladia D (S
Dl 1) 1270 s EVL 5 ad s (5510 5 a0 )38 Le alis sy by JAlS o 313l o (ol o 5 GRISI 5 & 558 51 0 e
5SS

38 (oAb R 5 diedan JUEH a aladl il ) Cpad alsa ) RS0 L ail sica L aS ) slolaue LBl s sl JS 51 (So
538 @5 0 Le e iy (S5 & 5 5 ()0 (BT (s a8 (a8 () e 4S ) s L S1 i gi (sl a8 5 4
3 peflmn e (AL a5 1) 5 e 4S) ASl Al 4 1) (38 O Lo A8 (my (L aiS e Jitie Cala JA1 0l e 4t 4y

125

Size selection
126

Cejka, Jiri, and van Bekkum, Herman, and Corma, A. and Schueth, F. Introduction to Zeolite Molecular

Sieves. Elsevier Science, 2007.
127

Processing of molecules and purification of fuels

16



512855 Qe slad sSa ail 5iiga Lo Vs 208 e iy 5o |y (F ) (slae ¢ 3 s (laead (RS15 5048 lad Se (s4en
T3n Jsh S0 (512 4S (129,185 ) 55 (el " Sy 4p i LS (sl 50 a8 1) (s i Dl (sl Koy i
il S L 5 i€ o) 3l 55 35 iy e cWla hund 1305 55 0SS (5300 Sl 4S adls cmania i 5 w358 ctand 3
3Ll 5800 5 1 GESI 5 (50 sd Sde ) padiia 5 sl

Monochromatic light

(55 aallS (my) a3 G500 L 10 43RS (a5 A4S e Glindl 1) ki 3 )50 GESI5 £ 58 5 e
iala 3l (st Lo s Casa 13200 Jitia (RS 50 0SS L5 sl sSle ) padiia (sl 43 1 (5500 L B ama sla
JES il LS 0 lad Sle 43 A5 ab 5 i i a4y 2000 | (533 AS) ab ca ol (T 3 4S a s 2 al ke 133 )
QS (S5 () Y 5 e Gimad 5 Lad Sde JSd dad sSde o j)i) (B3 uaim g g ) (S Le i e S
0k pady 45196 il sl bad 5 g e Sl aS s (olad s (i i 45 e ol Le saiall 55 (ol 1350000 S

o= 0l IS (53] ga A8 Cud (gda ja 3 3l Jledi o (SIS ¢l U B pia A e gaid ) (Shaad (S) g 0 YL
I 5 el 3 (5 S B30 (IS Sl bl 3 il 2 g es RIS a5l (3883 (15 a8 (5 S Sl (558 a5

3 5 sl Ul 1385 a5 5 (o3l sAasis U3 TR 5 paddas slanl

128

Light absorbing molecules
129

Monochromatic light
130

A single color consistent with single photon energy
131

Selectively excite only a certain class of molecules inside the reaction

132

Brunner, Eike, and Pfeiffer, Harry, and Auroux, Aline, and Lercher, Johannes, et al. Molecular Sieves:
Acidity and Basicity. Springer, 2008.

133

A crucible
134

Position, size of molecules, shape of molecules, and also the amount of energy that we put in
135

Valencia, Susana, and Rey, Fernando. New Developments in Adsorption/ Separation of Small Molecules
by Zeolites. Springer, 2020.

136

Enhanced yield in the chemical reaction with higher probability
137

Purification steps
138

17



o s U condth 8 80 141 3Bl (o 5 5alUlS ) Ll 534S a0 S o Ll 5 140555 55 139 54 s (gla shas 230 3 i (oS
oS ol g Ll 25 ARy aS L i por B Cinia 358 4 ARl MBS i 142 8 S0 (650 43 ) sl
Gl e (sl Jloy) a5 358 52 35 IS Ciga el gl (51 L andianiley 055008l M (5 0 0 3Y 5 auslin pal A 4
G108 4l 5 145 (l 1)) aaa 3 8 g (IR aiile e (i (Lol 1440500 ana ( JiaS 0 A s
potlSe (51 Al o g g8 A4S )y Tl JiSIaa 4y 50315 aoa aaly 8 () 3 g () e malile (inad Lo 1965 ) i
S il 500 (e S Al 19500 e 50358 (S L pledil ) (5150 4S Cand Ay pa o 58 @l 0 (4Bl Ll
hinp LS 3l e Le S a ¢ adidia s sa o Lo 150Cunl 5005 (Cid s (5480t L (KU Mia) Lo cailil asslSa

530 aga haia (UL (sl Jalw) 1524 s 3l s () s 5L (I8 5 2L il

Increasing yield
139

Fuel cells

140

Khedekar, K.; Rezaei Talarposhti, M.; Besli, M. M.; Kuppan, S.; Perego, A.; Chen, Y.; Metzger,

M.; Stewart, S.; Atanassov, P.; Tamura, N.; Craig, N.; Cheng, L.; Johnston, C. M.; Zenyuk, I. V. Probing
Heterogeneous Degradation of Catalyst in PEM Fuel Cells under Realistic Automotive Conditions with
Multi-Modal Techniques. Adv. Energy Mater. 2021.

141

Platinum catalysts
142

Translate the stored fuel into electrical energy

143

Douhal, Abdelrazzak, and Anpo, Masakazu. Chemistry of Silica and Zeolite-Based Materials: Synthesis,
Characterization and Applications. Elsevier, 2019.

144

Putting the fuel into the smallest possible volume
145

Increase the density of fuel per volume (for an automotive application)
146

Cullen, D. A.; Neyerlin, K. C.; Ahluwalia, R. K.; Mukundan, R.; More, K. L.; Borup, R. L.; Weber, A.

Z.; Myers, D. J.; Kusoglu, A. New Roads and Challenges for Fuel Cells in Heavy-Duty

Transportation. Nat. Energy 2021, 6.
147

Maximize the ratio of the amount of the stored fuel to the mass
148

Our storage mechanism
149

Kind of a penalty that we pay for our car’s efficiency
150

Stationary
151

Serrano-Ruiz, Juan Carlos. Advanced Biofuels: Using Catalytic Routes for the Conversion of Biomass

Platform Molecules. CRC Press, 2015.
152

Energy density per unit mass
153

Ferreira-Aparicio, Paloma, and Chaparro, Antonio, M. Portable Hydrogen Energy Systems: Fuel Cells and
Storage Fundamentals and Applications. Academic Press, 2018.

18



sl ) 1550 s Laddia cendonil 53 1545 318 (Sl ) slacasa ly 4l 4S Cul (53 52 IS (sladina ) Cped 2
o )3 S ) lad Sde 4 Lol 53 (e 1503 55 10 00l gy gy SIS ) (slad 55 (58 80 L 8 (slagi) sl Sal& )
o a1 Ol (slagil Ll 48 dinsy 55 W13 8 Ll Laai) iy 4 (ol R (a8l (hsad 5005 (5 5aka 48 cal Al

1983 Jly (sl b Al U 157

DA i o) 18025 e Jluaih B i 58 e )8 il 19905 QU & anl& 318 L a5 o 5B laail casala o
o3y O (5AE 53 10Tl e Cansdy s <l 318 Ly iy 3R g 4 () R Liadiiie oS S ) e $Se (30 pb ) (1S
Cad g laand CESI5 o JES 48 aaly 40y hlay 5 163,08 15 162 8 ) 5 gl (50 o i) sicea La o]
Wl Sl (53 o

(maiga 160531 pialaii () Hlaasd (sla Jlials 1651 R (S& )l (goale 5 1645 85 51 oS 5 L U sltiasdl 55 L i S
S piplai ey 1680 KUK lady g )3 aalic oslil 5 oall Joal 58 (50 8 13 5 Ly i L jlials (iS00 )] = )l 167,08

154

Metal organic frameworks

155

Singh, Lakhveer, and Ghosh, Pooja, and Kumar, Smita, S. Metal Organic Frameworks for Environmental
Sensing. American Chemical Society, 2022.

156

Metal atoms are bound together using organic molecules
157

They ligate the metal atoms to create a network or a framework

158

Wang, Bo. Hybrid Metal Organic Frameworks and Covalent Organic Framework Polymers. Royal Society
of Chemistry, 2021.

159

Atoms occur at various apices or vertices
160

That achieves connectivity
161

Network affect is achieved through these organic molecules that are particularly inclined to want to bind

selectively to the metals
162

Kaskel, Stefan. The Chemistry of Metal Organic Frameworks: Synthesis, Characterization and

applications. Wiley — VCH, 2016.
163

Achieve an exceptionally high inner surface
164

Metal selection

19



Ol LS bl W JUala o (S0 sh (5 0 1) 05 s0%e d sSe aadly 508 U aas o 1695) laend aiai 8l

O paa i S il (JguaS 5215 ¢ 35om 2ile (58 ) gd e R14S o ggda (pd il (glod ja ana 43 Saa bl
I5a s slod e ana (17005 3 S8 ) slacga e cp) 2 Al o Gl "IA ) " b J i (b S Jlaa) IS
I (San aa (L 3 3 ge (S8 5 (I8 5 el

S ks Gsia H0d b 4 05w S Nigy (50 1 bt Gl Le 4508l 48 ) Gl Gy Ll
Sl Ghaiadily (padidie go ) sa Gl 53 @y 5o Talea S K8 AR 3 (5 sy ol 5 gl Ll e x80e JIS (5 3l SIS
5 el da (S ale 0 5 cardiale )3 dasee o) 17408 L 5ldie 17355 38 Gda 1)) 172 land s
1778058 cda Ll )b asm s oadaus L (IS G b 5 JsSle 0 G (176 Ll L Biglly) Cansy o 534S sl (o sglay

165
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