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7.1.1 BRiNEE

mER
BESEn
BIBAE B R
wERE

7-1 BRINES
35EE (ECO-breath) EBAARIZBMRFIRIY, CEO HERFAZOK
AFFEE, 8 50rikly, BESIRZHIN, REFASIERIESEINRE
BAELER R ETHEBRRD 35%. TRER 100605 E g EE,

712 BEBEAIGE

Y rETRR OB ED NGBS, RUEKASE, FENE
FIBEBF D AL AN, BERFARIED BENEEERHTHE. AR
FSRPEE 20 IEEIEEHERIFMENRIPER), BIAZRKTENE.
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Hep, VEFRETNE a TREFNFEDRER, XEH—EA 20%, KT
EFRERRY 25%; Ri TEHISE | RIS, n RTFIRIRIREERR, r
T, XEXA 15%.

IR ERFTERIBRIERI AT Pura RFIFGRAITIALAF, RIETIHE
AR, (EITHEEImASSERAY

R7-1 TREFT (B BT)

] =| 2020E 2021E 2022E 2023E 2024E

FTRE~=HRam 12572 151.70 20592 310.23 504.04

R&ESZHBEFN 40.58 73.04 131.48 236.66 425.99
pesEST 14.60 18.82 27.17 42.86 71.70

TR A IRRE 151.70 205.92 310.23 504.04 858.33

RRAFANRELSAERTAT AW, SFIHRAASHERL
FeRR TSR, FRiTEl 2024 5, EFRIGERIAT

7.1.3 BT

SR ETEAUSHRAZORF ORI, FEMIEFRS AR m
SEARENSE., XnEIBZL SRR, SEHIEHERERIES
18, FELHFRIERWSS. B, REAESH—CERERfBEET PNP 7
FY Pura RAZCERS IR RIS BaICET%, AR ERREREIEES—
ERESR, ESMAR=BIARER,



JIEREVB SR AN, oS T E R RERITER LN EIE
MIHE, FHA\ 2020 FFHin A BB, BirT 2022 FENSIMEMEEREEL 500
7, F—RMEREERTE Pura-core BIEFELIT KEFIE, FitR
B/EHROA 700 FrT, MoMINPMEES. RN, FENBERREN~RE
&, WHEBEFMRETUHREWRSHE, FHRAHA Pura-core BfEILS
AAERIF, AR PNP SAEFNE,

[E%r, REBTGESMNUSITT, RIFEAERRME, THlT 2023
FEVS/MERREEE 1000.00 /3, #Hh—iCRiREEATINREILA RISIFIGH AR
A, e B imfRSS, SHEMT. EITWHNESLEF ZE1F. ME C ikl
H, MARSTERTESEIR Pura mRES, SHREEM. REFRE
SRR EHRIEF, BANERFIHEERT,

7.2 WSSTE
7.2.1 IENFT

Bl SZFERN (77T)

40000 350%
35000 300%
30000 ' 250
3(5)888 N 200%
15000 e 1o0%
10000 _ L 100%

5000 - 50%

0 - = 0%

2020E 2021E 2022E 2023E 2024E 2025E

m— N (7T) 200 500 1,550 3,875 12,281 | 34,388
m— A (F7T) 43 133 417 1150 4886 14918
BB 150% 210% 150% 217% 180%
TSR R 211% 214% 176% 325k 205%

Bl 7-2: EWASERETN (847: F57T)

~—




2020 FE, X BT EEE PNP 5285 Pura-core 7o, M= EL

2. FEORUEEF N AEEEM R, WSIERPAIER, Flit 2020 &2
IEAVIIA 200 B7T, HAREEBFIZTEHITE 63.75%, BERATGHF 2022 54])
EV{ERHE 500 /5, STEIA Pura-core WA L, SCIAMEUERE. E
fS, BIRAtSEH—EI0K PNP iR SFWIRM BRI SRR, &fE
PNP MEZRBENASEIr. RETWEHSE, mEailE. Elrz
¥, BIPAEZEIRSE Pura-core RISHELIET, MARBHASEWBIEFE,
FECWHETEEERS AR ERAEEIK, 2021 FEUFENT 500 F7T,

SINREE, Zid—EFHARRE, Pura-core SLIIERT, SHEE/R. K.
SEEHIERZ NiE B, SEE 1150 BTSN, MERBERESHE, A
PNP JiEEAMNMESA, MK, RH. FUSXIRRIAN, BiI58M.
RECWHEIFFRR, EWREETRAIEEMS, WAEE 1400 BT, RAR
BABS—RIINSKIR, @RS, RN TFNART=RIA LR IR,
BARHRA. FENEER (FHX) =SB ———Fura RFHTATLE.
2022 F, FRMIBMANZIEN=KIESFREH, SHEWKRASRIEK, R
X 1550 7T,

Mt—SREF, BASNFERIRREMER, SiEM. FEfEih~
[EAIEIEMERE A EZWAER, ML BEEL R ESFRIRSEIES
BRAIREERE, BT A0, AREREFRIRRIRSERIFH

i, 2023 &, MmiEtimitEENgA 3875 B, HPRIEERSS B ina{F

W SBWNIEE 2054 575, &Gk 53%,.
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M/ VERRE, BIASHR. SiPE. SElETIITERYRE

MR S1ERIZS, , it 2024 SFEUE
o , NEBNERABIERATRAE T RE

K, PTARTFRBEZZFEET, \ESKEFEEEENHESKRNH—FE
UG, , pura-core f5E. Bima{E. MNAKFE

RN B S .

& 7-2: FERWSWATEN (Bfi: 77T)

IGH 2020E 2021E  2022E  2023E  2024E

Pura-core 200 360 589 930 2702
i - 80% 64% 58% 191%
=144 100% 72% 38% 24% 22%
B iR &1F - 140 713 2054 6263
g - - 409% 188% 205%
kb - 28% 46% 53% 51%
CIm M= - - 248 891 3316
IBikE - - - 259% 272%
(=54 - - 16% 23% 27%




2024E T N 2544 SRR PN A

' = Pura-core

= PNP{SVBREEA1E

‘. = Pura-core
= PNPAVBREES1E
= PuraxX FIRE RS

Bl 7-3: SN (BfZ: F7T)

= PuraR ARE R

& 7-3: MERTENEE (82 HIT)

2020E 2021E 2022E 2023E 2024E

—. EAIA 200.00 500.00 1,550.00 3,875.00 12,281.25
w: B 68.69 13831 363.36 84422 2,507.85
HE RN 1.60 400 1240 31.00 98.25
HHEEZE A 2432 5793 18437 45314 142897
ER%EH 72.68 15506 473.58 1,075.77 3,107.91
455 H 2041 3032  48.90 67.60 89.80
BFER{ERE 200 500 1550 3875  122.81

—: B3 10.30 109.38 451.88 1,364.52 -

=. figsam 30.30 129.38 471.88 1,384.52 4,925.66
: FRSHER 0 0 5526  234.63 20.00

M: $FiE 4273 13284 416,62 1,149.89 -

FRKR D EFE 32.05 131.68 31210 1,074.89 5,099.16
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MEWFERATLUEY, e IEW SRS L, HEZER
MEEBRREZRFE Lok, BRAEBMEHERRKT, DR4EFESBRAG
11%F0 29% A,

WS EAAPIET B LIRS, (FA—KSFRAT, REELIR
NEBISHIRRER, TEE L& THTZEE, FEBFERE SR
BENE, REIESHITRWER, MTFTEmERAL.

EEEAT, HASZHAEEX, FIGREITmBANERA,
ETHENRBRECEEDERAR, AFEHE—SHATTNEMESEESA.
BFBRIREREOR, FH— PO HNERAR, RERRIME TS

rET.
7.3 Mot
& T7-4: TEMSIERTN (8B4 57T)
1= 2020E  2021E 2022E 2023E 2024E
KRN
ROA 537% 13.37% 18.23%  22.10%  30.87%
ROE 10.88% 3537%  36.24%  43.12%  63.64%
HERFIE 21.36% 26.57%  26.88%  29.67%  32.15%
HEBFE 65.66% 7234%  76.56%  7821%  79.58%
{=fkaeh
BEERRE 50.60% 62.19%  49.70%  48.75%  51.49%
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EEhELE=E 1.18 0.81 1.34 1.49 1.46
Eisfeh
Bl eER L= 10.53 7.52 7.96 7.52 8.00
FEAEE - 1.49 1.97 1.73 1.72

SRR 50.31% 55.92%  9455% 103.50% 136.41%

7.3.1 BRIgEADHT

MERFAILIET, BEWVSAKBRNGZMAONARMT X, 2SS
WEEMFERARE, SARBEFIKFEARRT EF. ROA M 2020 49 5.37% E
FE 2024 £E#9 30.87%, ROE MM 2020 FEFFHIRISTELE 35% LA L. FERSEILIE
t, NEHEERERMSFFERERGESESKE, TR TR RIF AR
=, WARIEIEK, RFBENEEE,
7.3.2 {ZfREED DT

MAFWHRGEKERS, EHTEERERTRKPESRHTLARIEE,
MMSEI 7 REUT RN, TIREESREEHR, A TIEEXKE, ARMET
BREEITTFUSITIKE, REUSIRTASGE.

7.3.3 EizEENH M

MAEZENNHE, BT RETEERETREREREE, HHEE
WD, R EEERMMEKTERE RIS, MR BEREERRIE
K, RRAENEIEENRHRS.
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7.4 RS

HAMI BT ARKOFRATRRITRE T IREDHT, REDTATIER

AR WIER.
741 SRR ESIUE

FIMENPY), EiERREFIR I HENMETERRSF2IERE
RUBlEZH, HEitEAzT:

NCF AR SERSMETR, n HIRERFEE, | PR, ERIRERKRS
& (RKBRE) BRI SEER R RSEIRIIMTIBR AR
12.93%.,

BRI ETRIUASMIENRE, Bl1EFEL 2019 FAENY, FESE
5 FRIER, HHEITINE 2019 FHEFRIMNME.

xR7-5: RNEIRERKEFNERE (B AT)

AdTE ARERE SEFRERNE Kit#E
2020E 248.62 220 220
2021E 26.64 298.97 241
2022E 733.03 509 750
2023E 1800.11 1110 1858

2024E 4208.43 2294 4208
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7.4.3 BRI A& E|IEA

SRS EIER R S BITIR R T B e kA F Il € #R A\ B RWGZIN B )11
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REERAYENSIR IS =
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BAEEN. ZReEND. SizENisiriERRETELS . NATRIKEE
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10.2 ZIPEFIFIFR

Fo-1 RBALH (FH)

e EFIRES SRS

1 201610908571.4 7E=E FARTHMRPEEURIRESRISEEE
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arystals (RhMn@S-1)

High C-oxygenate selectivity was
achieved because of the fixed
structure

The rigid zeolite framework
stabilized the Rh nanoparticles

a core-shell structure, which is achieved by fixing RhMn nanoparticles within
Silcate-1 zeolite crystals (RAMn@S-1), wuld romarkably boost the ethanol
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Al-rich Beta zeolite supported platinum catalyst

Ling Zhang*, Long Chen", Yaobin Li¢, Yuexin Peng?, Fang Chen*, Liang Wang?,
Changbin Zhang*, Xiangju Meng®*, Hong He*, Feng-Shou Xiao*-*

~Hangzhou, 310007, PR O

1S, Befing, 100085, PR China

ARTICLE INFO ABSTRACT

For human heaith and

Araci pistory:
Received 17 January 2017

protection, removal of 'M)mmam

Received in revised form 4 July 2017
Accepeed 7 July 2017
Availible online 8 July 2017

routes for solving this problem. Recently, it has been reported that zeolite-supported Pt X acnis e are
active for HCHO oxidation at low temperatures, but they are still unale to
at foom temperature. To enhance the actvy, i s been suggested o increase the PU nupmu-. and

Keywords:
Formuldehyde

Complete oxidation
Room temperature
Absich Beta zealite

atalysts.
because abundant alumioun sp«m in me zeolite framework are advantageous for increasing acidic
density through ion-exchange of protons and for improving Pt metal dispersion through the metal-
zeolite interaction by increasing the negative charge of the zelite framework with positively charged
metal ions. As we expected, the Al-rich Beta zeolite supported platinum catalyst is very active, giving
commplete axidation of HCHO at roum temperature. To the best of ur knowledge. this is the st time

and selective, The.

strategy of ty iop
{ potlutants.
©2017 Published by Etsevier BV.
1. Introduction [zo,u “43A548-51,53.54]. Normally, ttania [53.56-59). alumina
prepa-
Formaldehyde (HCHO) is one of the major of but recent)

indoor air pollutants due to its broad applications in decorating
and furnishing materials, which results in great threats to human
health [1-14). Therefore, the highly efficient removal of HCHO
has been intensively studied in the past decades, and a series of

supports

have received much attention for this oxidation, owing to their
large surface areas, intricate channels, high adsorption capacity,
adjustable acidic property, and high thermal and hydrothermal
stabilities [66-70]. Notably, zeolite supported noble metal cata-
ivities of HCHO

techniques such as adsorption [15-18], 119-25,
plasma technology [26-29] and caralytic oxidation [30-37] have

abatement due to its non-toxic by-products and high activity at

cations [43,45,48,49,51,53,54,65) Therefore, it is strongly desirable

HCHO at particu-

for ple

low 14,30,38-42).
andor noble metals are the most useful catalysts for the catalytic
oxidation of HCHO [30,38-55]. Compared with supported transi-
tion metal oxides, supported noble metals exhibit high activity

* Comesponding authors.

larly at

It has been reported tha the presence of acidic sites i favor-
able for thy 1] and
enhancement of the metal-support meraction helpful 4 high
dispersion of the metal on the support [72,73). Therefore, design

HO
involve in increasing metal dispersion and acidic density in the

M Xiso)
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Exceptional activity for formaldehyde combustion using siliceous Beta
zeolite as a catalyst support

Ling Zhang", Yiwen Jiang’, Bing-Bing Chen", Chuan Shi", Yaobin Li‘, Chunying Wang’,
Shichao Han", Shuxiang Pan", Liang Wang’, Xiangju Meng"", Feng-Shou Xiao™"

Mn-promoted Ag supported on pure siliceous Beta zeolite (Ag/Beta-Si) for
catalytic combustion of formaldehyde

Ling Zhang®, Yiquan Xie®, Yiwen Jiang®, Vaobln LI" Chunying Wang", Shichao Han®,
Huimin Luan®, Xiangju Mgnx'" Feng-Shou

Tacmology, Duian 116034, China
iamen 361021, China:

ARTICLE INFO ABSTRACT
et “There i critcal meed for
enhancing the quality o idour ai I daiy Tk, Howeve, the currem catalytsare either kow activty (igher
Coplse cndatin 1 wt.% Pr). Herein, inspired by the concept
cmerber sl of catalyst wettability, we design o siliceous Beta zeolite with mare. feature than that of shumi-
:"—"‘ nosilicate Beta zeolite to support Pt catalyst ot very ow loading (0.2 wt.%), exhibiting extremely excellent
dioxide even at -20 °C. The extraoedinary catalytic properties are ressomably atributed W that more hydro-
phobicity of the siiceous reolite than that of the ahumnosilicate zeobte is favorable for desorption of water
product,
dsoxide anud water. The strategy of hydrophobic reolite supported noble metal catalysts might offer an aler
native way volatle organic compounds.
1. Introduction

Formaldehyde (HCHO) emitied from widely used building/fur-
‘materials and decorative

mmwmmnmmmwm
other strategies (e.g. adsorption (11, I2|. wyﬂ 113,14), and
plasma ns.m), umy\km been paid much

loading (c.g. 0.5-1 wi.%), which severely hindered theis wide appli-
‘cations [41].

It is well known that the metal dispersion, mass transfer, support
properties, and metal support interaction stroagly influence the cata-
Iytic performance in HCHO and lots of research has boen
done about these properties [42]. For example, metal oxides (.8 v
Al;0; [43], MnO; [44], TIO; [36], Fes0, [45), SIO; [46], and CeO,
1471) have been used as supports to obtain ‘metal support in-
muummm,nuu,--mﬂhy.
which i strongly reated 10 the mass transfe (reactant

high efficiency, long catalyst life, low Therefore,
design of high efficiency catalytic materials would be a key factor for
formaldehyde combustion. Conventional catalytic matesials for HCHO

130, Co [31,32], Ag 33,34], and Mn [35]) and the supporicd noble

metals (Pt (36), Pd [37,58], Rh [39), and Au [40]). Notably, supported
higher

spite of their relatively high costs. The expectation of reducing the

catalyst cost by lowering the noble metal loading has been denied by

the fact that the eatalytic activity strongly depends on the noble metal

A..-,-an
Solerhcind veckon (SCHO) . Oy wCOy RO o et e
ability plays a critical role for the desorption and

of their relatively low activitics.
(Beta-SDS) supported Pt (1 wi.%) catalyst (P/Beta-SDS) exhibits good

Meng), Xiso).
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Kepwends
Formakdbyde p&am-ﬂmlhiudylsm-wﬂdwﬁmﬂnw-ﬁlnawmbwr»
Complte oxidicn L ity "'"""" s sirasand
Lpmnpnct of HCHO. itis found that
frogering Beta S1) exhibits highest activity, mmmmlmmmnmasnmmm
“The choice of Ag loading
with a0d the use of
wmeu.uuua-uymwnqhx-mwmmumm-mmmw
suppors with aptimized ight offer
for the removal in the future.
1. Introduction

pollu;

P ICHO by
and controllable micropores as well as designed wettability (35-37].
For examples, Al-rich Beta zeolite (Beta-SDS) supporied Pt (1 wL%)

ve. 11-3).

Iy HCHO at room temperature [36]; Pure

ng: level) may cause g
damage to human health [4-6). Therefore, enormous efforts have been
Intensively put to eliminate indoor formaldehyde. Upo now, aserles of
techniques for emmum. formaldehyde have been well
such as adsorption [7-91, photocatalysis [10-121, plasma [13-151, and

e oxidation [16-19]. Among the above methods for HCHO
elimination, catalytic combustion has been attracted considerable at-
tention since it can completely convert HCHO Into harmless 1,0 and
€O, at low temperatures. For instance, a series of catalysts for the
complete axidation of formaldehyde at low temperature have been
successfully such as 1 WPUTIO; [20-22], 2 %Na-1 %PU/TIO;
(23], 1 %PSIO, (24], 0.3 %PIN/-AL,O; [25], 034 %PU/NIFE-ADIL/
mnal.sumnmm 127), 0.8 %Py Ferrihydrite [25], 2 %Na-1
BPA/TIO; [29], 1 %PA/Ce0, [30), 1 %P/TIO; lnu, 1 HAw/FeOx
ml. 1 wuvv Al,o, 133), 1 %AW/C0,0,-CeO; [

et oy

catalytic performance in formaldehyde oxidation even at the
temperature of 20°C [37). Desplie much effort in the past decades, It
still remains a challenge for developing cost-effective catalysts for
complete oxidation of formaldehyde at low temperature, due 10 a re-
latively high price of noble metals (P, Pd, and Au) for wide applica-
tions.

5.

nbwtmpzmum[l«—wl mmnpse,uu-umlp-wdw

cmld feach complte 11CHO oxidation above 110°C; Bai et al. ml

red threedimensional (3D) ordered mesoporous Ag/MnO; cata-

Iyl by impregnation method and 8.9 % Ag/MnO; catalyst could com-

pletely oxidize HCHO at 110°C; He and Zhang synthesized Agbased
(103, Alz0; and

pl!pnnllan "of the catalysts for the HCHO combustion at room

* Corresponding authors.

(X Meng),

bitps://dol.org/10.1016/ apcath.2019.118461
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that Ag/TIO; catalyst shows the distinctive catalytic performance
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Solvent-Free Synthesis of Zeolites: Mechanism and Utility
Qinming W, Xiangju Meng *' Xionghou Gao,’ and Feng-Shou Xiao*'®
annml of Chmmty m University, Hangzhou 310028, China
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CONSPECTUS: Zeolites have been extensively studied for
memdwm -dn-nhqn

selective catalysis, ion-exchange, and paiupum
wmmnm

acolites for fast mass transfer of reactants, it occupies a
large space in autockaves, which greatly reduces the yield of
‘products. ‘polluted wastes and relatively high pressure
also leads to environmental and safety issues. Recently, inspired
concerns, energy and economic
solvent and reconsider the age-old question “Do we actually need solvents at all in zeolite

that a series of
grinding, and heating starting solid materials under solvent-free
solvent-free approach maximizes the ing in a more

(i) nm

pressures and the competition between template—frameswork
and solvent—framework

Ploneering research to challenge the essentiality of water in
aeolite synthesis has been performed using dry-gel conversion
(DGC) and vapor-phase transport (VPT) routes, where a
sodium  aluminosilicate gel suspended above 3 liquid was
treated with a mixed vapor of water and amine at elevated
pressure in a sealed autoclave.'” It

requirement for efficient transport of reactants in formed by th ation of the amorphous SIO, precussor
water, other solvents, such as alcohols and  according to reaction |

ionic liquids, have also been used in zeolite synthesis.* * In

particular, the unique features of ionothermal synthesis Received: 2, 2008

T
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A Ca!.ionic.OIigmner as an Organic Template for Direct Synthesis of

Aluminosilicate ITH Zeolite

Chi Lei', Zhuoya Dong', Cristina Martinez, Joaquin Martinez-Triguero, Wei Chen,

Qinming Wu,* Xiangju Meng, Andrei-Nicolae Parvulescu,* Trees De Baerdemacker,

Ulrich Miiller, Anmin Zheng, Yanhang Ma,* Weiping Zhang, Toshiyuki Yokoi, Bernd Marler,

Dirk E. De Vos, Ute Kolb, Avelino Corma,* and Feng-Shou Xiao*

Abstract: There are a large number of zeolites, such as ITH,  excellent performance in various catalytic reactions ™ ! For
that cannot be prepared in the aluminosilicate form. Now, example, BEC zeolite displays good catalytic performance in
.nnz-/ld.lymﬁaﬁn[ahnbnnﬂmt ITH zeolite using  the isomerization of glucose 10 fructose:* ECNU-21 zeolite
nted. i an efficient shape selective catalyst for ethylene oxide
hymwmn»-w.“mmm.m hydration ™ ITH zeolite shows excellent performance in the
complexation ability with aluminum species combined with  catalytic cracking and methanol-to-propylene (MTP) reac-
.mw&nmmnfmmmlmnm.a tion ™
ITH reolite, firsly discovered by Corma's group™ has
lrflzwuwnmmmmaﬂd a special framework structure (three dimensional 9 x 10 10-
la membered ring channels; aperture size of 40x48, 48x5.1,
wnwm-ﬁemumw and 48x53 A). It could be prepared in the form of silicate
uch higher  and borosilicate but it was tough 10 synthesize the alumi-
.mwy/m,m,yh..umnn/anmﬂmnu nosilicate form owing 1o competitive growth of EUO whea
Z5M-5. FCC LT
s shape-selective FCC addiive for enhancing propylene and  aluminum in the siructure of TTH zeolite 10 extend the
butylene selectivity. catalytic appli the addition of germanium specics in
the ITH zecolite r,-m—-.any-mq-uﬂ'"m
Introduction addition reatly butakso

significantly

Zeolites, as o typical family of microporous materials, dmmlm“mwwm
have shown importan roles in the process of il refining and  strongly limit its catalytic application. To avoid the we of
fine chemicals production because of their uniform channel  germanium, & post was developed through
distribution, high surface arca, and large micropore vol-  alumination of borosilicate ITH zeolite into aluminosilicate
ume " ™ As an important type of zeolites, germancsilicate-  TTH zeolite.™ Up to now, it was still a challenge 1o directly
based zcolites provide many mew structurcs, cxhibiting  synthesize aluminosilicate ITH zcolite.
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Sustainable Synthesis of Pure Silica Zeolites from a Combined Strategy
of Zeolite Seeding and Alcohol Filling

Qinming Wu',* Longfeng Zhu', Yueying Chu,

Xiaolong Liu, Changsheng Zhang, Juan Zhang,

Hao Xu, Jun Xu, Feng Deng,* Zhaochi Feng, Xiangju Meng, and Feng-Shou Xiao*

Abstract: Currently, the synthesis of pure silica zeolies always
requires the presence of organic structure-directing agents
(OSDAs), which direct the assembly pathway and ultimately
Jill the pore space. A sustainable route is now reporied for
synthesizing pure silica zeolites in the absence of OSDAs from
a combined strategy of zeolite seeding and alcohol filling,
where the zeolite seeds direct crystallization of zeolite crystals
from amorphous silica, while the alcohol is served as pore
Jilling in the zeolites. Very importanily, the alcohol could be
Jully washed out from zeolite pores by water at room
temperature, which completely avoids calcination at high
temperature for remaval of OSDAs in the synthesis of pure
silica zeolites.

Zmﬁlmhnebeenwﬂdymdinindmhl uch

In recent work, an organotemplate-free synthesis of
zeolites from zeolite sceding has been successfully devel-
oped * In these syntheses, the zeolite sceds play similar roles
10 the OSDAs for directing zeolite crystallization from the
amorphous phase. Notably, in these cases, it is always
obtained Al-rich zeolites, and it is still not successful for
synthesis of pure silica zcolites yet. One passibility is assigned
1o that the organotemplate-free synthesis of pure silica
zeolites is shortage of cation filling in the micropores due to
neutral zeolite framework. "

1t is worth noting that alcohols could be effectively filled
into the zeolite micropores™! For example, when 1,6-hexane-
diol is added into the synthetic gels, the SUAI ratio of the
zeolite products is significantly enhanced (ca. 50), where the

i is partially occupi alcohol™! Therefore, it is

as shape-sclective catalysis and gas adsorption and separa-
tion."? As an important class of zeolites, pure silica zeolites in
particular have extensive applications as adsorbents, catalyst
supports, and low dielectric constant materials”! Generally,
the synthesis of pure silica zeolites must be performed in the
presence of organic structure-directing agents. (osmu) he
where OSDAs play important roles in both

to synthesize pure silica zeolites in the absence of
OSDAs by a combined strategy of both zcolite sceding and
alcohol filling.

“To understand the alcohol filling in zeolite pores, theo-
retical simulation has been carried out choasing
silicalite1 a5 8 model zcofit and cthanol u a flle. Figure 1
of silicalite-

directing and micropore filling ! Removal of these OSDAs in
zeolite micropores are normally calcined at high temper-
atures, giving a large amount of polluted gases, which is
cncrgy-consuming and cnvironmentally unfricodly.
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lmﬁu.-ndlhesmhmm,mslpmnn
the simulated values. In the calculation, sixteen of ethanol
molecules are fitting per unit cell based on molecular
mechanics simulations for the framework pore space filling
(Figure 1a; Supporting Information, Table S1). The isoden-
sity surface colored by potential for ethanol in MF] structure
(Figure 1b) exhibits the distribution of ethanol in both
straight and zigzag channcls of ten membered rings. Interes-
ingly, the st

mnmmunmmvymdnwmunmmuq
per unit cell (Supporting Information, FigureS1 and

Figure 1. 3) The position of ethanol adsorbing in the channel of
zeolite,

sikicalte-1 and b) isodensity surface colored by potential
silicalte | zelte. Blue represents low potential

Angese. Cherm. Int. Ed_ 3009, 8, 12138 12142
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© Supporting Information

of both organotemplate- and solvent-free conditions to

S),mdmmhpnmmﬁmmﬁrm “The samples are
isotherms, UV-Raman spectra, and Si and Al MAS NMR spectra. The results

upkmphsmnmwma. In this work, we have demonstrated a com|
aluminosilicate

combined strategy
zeolites Beta and ZSM-5 (S-Beta and §-ZSM-

characterized by XRD patterns, SEM
demonstrate that S-Beta

images, N, sorption
MSTSMSmhdﬂhﬂhmnwm(-&lﬂmﬁamﬂmm)ﬂm

and ZSM-$ zeolites.

m(cm.nc-ms)mmpmnam&uwa&m.usmsm
and are

yields together with highly cfficient

consumption of the starting raw materials. These advantages plus the very simple procedures opened the pathway to a highly
conventional methods currently

place at a low-pressure are free of harmful gases as well as give high
sustainable zeolite synthesis compared to
, this simple synthesis is a good model

processes, small traces of water play an important role for the hydrolysis and

species.

e e e -nognwwpr_nuﬂpoﬂnldmﬁvml}:whm’-nko
production of fine chemicals due to their high surface area large 05Ul in safety and environmental concerns.

Ceisbipey rsomisdorgit -] »hmm and cosly organic templates, an organotemplate-fre synthesis
m:hlmaﬂdm!mhumdlynﬂuhhdkmd :"w-m-fﬂ'r«knkwdmaﬂkfm

and
rgan
such as water lnd/nrltl‘:‘ohoh. often in sealed autoclaves under

not only increases the zeolite cost but also results in the
Mn“wmhw%“owml

in the solvothermal synthesls is to ensure eficient transport of

97 ACS Publications 0301 Ameican chemcalsecky a9

crystals are grown from the induction of zeolite sceds in the
absence of any organic templates™ * Later, this synthesis has
been quickly scaled up by BASF (Ludwigshafen, Germany)."
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ABSTRACT: Development of sustainable routes for
because

mhﬁhm&nqﬂnhmmhw
form of the solid silica sources.® 11-1-me
industrial

applications of conventional anhydrous silca
in the synthesis of zeolites.™ Currently, unu.mh
.»-.mu synthesis of zeolites from anhydrous starting raw

Mwm.ﬂmuuﬁdmm

© Supporting Information

ABSTRACT: This work delineates the first example for
in

mwmmmmmam
allow for rationally controlling the diffusion of reactants and

kh&ﬁupndmdmuhushrp-dchh
future.

eolites, a family of microporous silica-based and alumi-
nophosphate-based crystals, have been widely used as
pmdmivnufﬁm:lnninkdmmmhﬁhnﬁmmhm
pore. volume, uniform microporcs, and good thermal and
hydrothermal stabilities." Ussal, eole synthess s pesormed
whrnhmmlufﬂm-dummmqk
The use of the water solvent leads to losses of the nutrients of

silicates, and aluminophosphates dissolved in
the wastewater. As a result, the zeolite yields per given reactor
i i T b drygel

conversion™ and is** have been successfully
hdwdbyu'-mndsd-m'-m‘m.um

m&hﬁmﬂmmdmmmdw
nearly neutral aqueous conditions.® In addition, the use of
fluoride turned out to be also helpful for the synthesis of silica-
rich zeolites.”

Here we report a solvent-free synthesis of zeolites from

bromide form.

hquﬂm,hmﬁumd%l(s-
silicalite-1) from
NILE 2 s PR
TPABr, and NH,F, 180°C
fmslwgmnm».xnymm(m)pmd

the as-synthesized S-silicalite-1, exhibiting the typical peaks
associated with MFltype structure. l-“gm 1b shows the
scanning electron mln\'.m" (SEM) image of the as-
synthesized S-silicalite-1, exhibiting almost perfect with
uniform morphology. ‘Thermal analysis (TG-DTA) of the as-

exothermic

mmhmmﬂmm:h@mm‘

The removal of the water solvent in the synthesis
.a pmdlm polluted wastes. More recently, it has been
w-mn&«mhmdﬂmmm
the water as solvent could be

thesized S-silicalite-1 displays major peaks at
250-500 °C accompanied by 3 -e@nloau.bomm
w(wmsx) mudmnmus\sn'uusum

calcined S-silicalite-1 shows a typical Langmair adsorption curve

only effectively increases the zeolite yields but also greatly
reduces the production of polluted wastes. However, it is worth

~ ACS Publications — ©2015 American Chemical Sockety
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ABSTRACT: Supported rhodu-n nanoparticles (NPI) are well-known co,

mmummm,mmkmmmcumw

favors fast
apportunities for tailoring selective supported catalysts for a variety of reactions.

Materials in this class appear to offer appealing,

H INTRODUCTION

Supported metal nanoparticle (NP) catalysts continue to draw
the attention of catalysis scientists because of their widespread
applications in energy conversion and eamvironmental protec-
tion.' ¥ Nanoparticle sizes and morphologies are crucial to the
catalyst performance in numerous processes, in part because
they affect the structures of the NP surfaces and thereby their
reactivities." '? Improved catalysts have emerged from efforts
to (i) synthesize ultrasmall metal NPs (nanoclusters) mdm
isolated single atoms,” 7 (i) propare nanocrystallites
selected and unique facets, and (iii) select m.
compositions and structures of the supports.’" ' Thus, the
focus has been on tuning the NPs and the metal oxide/
hydroxide interfaces they reside on.'"'" Significantly, recent
results show that, in reactions with liquid-phase reactants, the
local environment of the metal NPs strongly influences the
catalyst performance, illustrated by a significant enhancement
of catalytic properties resulting from adjusting the hydro-

W ACS Publications 2019 American Chemical Society 8482

phobicity of the support."*"” There is still much to be learned
about how the local environment of a metal NP affects catalyst
performance, in particular, for challenging high-temperature
reactions of gas-phase reactants such as in CO, hydrogenation.
There are, we posit, mities for new approaches to

the local environments of metal NPs, and we address
one of them here.

Attention ]mhem focused on increasing selectivity for CO
formation_rel to methane formation in CO, hydro-
gmm""“ Isecnue CO is a widely used feedstock for
manufacturing chemicals_and fuels in, for example, the
Fischer—Tropsch process,”™ ™ and some success has been
achieved, exemplified by improvements in CO. selectivity
resulting from strong metal—support interactions between the
rhodium, iridium, and ruthenium NPs and oxide sup-

Received:  February 10, 2019
Published: May 7, 2019

DO 10102 e oborsss
1 Am. Chem. Soc 2018, 1, 342033

controlling in metal-catalyzed
genation of biomass by zeolite crystals. key to this Here we report a generlized strategy for preparation of
success is to combine the advantages of both Pd excellently selective and highly active catalysts by i
M—Mmm)mdmm of metal nanoparticles inside of microporous silicalite-1 (S-1)
(mdukaﬁ—nu-r_ -ndpmhm). zeolite as core—shell structures (metal@zeolite), where
hidnnfﬂhhm—lnnlmnyﬂs-mn—“mn ":n md:.w T
(Pml) - h o ‘micropores pmt:.amb,d..vn‘
furfural, the furan selectivity over the PA@S-1 is as high highly active but selective in the biomass
-nmmulhhnm(M)m and that §-1 zeolite is 2 PA@S-1 was
l from solvent.free crystallization of a solid
zeolite cryunl (Pd/$-1). The mqu misture including Pd amorphous  silica, and
selectivity hydm'nm the PA@S-1 is structural directing agent.” As expected, the PA@S-1 is
lwm-b'y to the distingubshable mass transfer highly active and excellently selective in the
of the hydrogenated products in the zeolite micropores. blomass derived furfural, giving furan as
98.7% with furfural conversion of 91.3%. In contrast,
conventionally catalysts show furan

hydrogenation yet because these
‘many undesirable reactions are very com;
The transition-metal widely applied

mesoporos-
ity in zeolite and modification of wettability
Wu,w-mmum-ﬂm.
ncts 2178 the product selectivity in catalytic

@7 ACS Publications  © 016 Amescan Chemica Secesy
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hydrothermal and thermal stabilities than those of the

seolite. In methanol-to-propylene (MTP) reaction, the COE-6 zeolite exhibits excellent
MTP reaction in the future.

selectivity for propylen, offering a potential catalyst for

successful. In this report we show how a suitable organic structure dirccting agent

(OSDA),wmoddM‘d'm OSDA/zeolite cage interaction, could access directly

-containing IWR structure (denoted as COE-6), which might allow access
mmd—udmuﬂﬁummﬂmﬁuhvﬁ-ﬂ e chemical

“The experimental results reveal that the COE-6 zeolites with a Si0,/AL O, ratio as low as

30 could be obtained. Very intercstingly, the COE-6 zeolite has much higher
conventional

Ge-Al-IWR

1. INTRODUCTION
Zeolites, a class of porous silica-based materials, have been
widely applied in various areas such as catalysis, ion exchange,

adsorption, an

.ll’plﬂlhmﬂyu‘uclllﬂ,ﬂlynllnwmmmkmﬁ*
catalysis due to their unique micropore struc-

num" ' For example, ECNU-21 zeolite shows high catalytic

le weolte displays 3 goodperformance in._ alkylation

A-arypkdlwn.mmeruududww
Corma et al, was first synthesized in the presence of

@ ACS Publications  © 019 Amerkan Chemiclsocety 18

germanium species using hexamethonium as an
template. Because of its unique three-dimensional 12 X 10
X 10-membered ring pore structure (aperture size of 5.8 X 6.8,
46 % 53, and 4.6 X 53 A), it has attracted much attention
recently”** 3" However, when a large amount of
germanium species exist in the IWR its
and hydrothermal stabilities are remarkably reduced. In
species in the synthesis is
lications of IWR zeolite
To solve this problem,
alteratively Ge-free synthesis routes were developed for
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00 10,1621 W90)
1 A Chem. S 2010, W1, RS- I




124

105 S5iR#

*9-3 25FA
e Ty}
1 BEREHAWRERITRIG63 RS, 2013AA065301, EEILLHER
$SF5 SCR {EITEITFFR
2 EFRRHEPESIAITRIER, 2017YFC0211101, SEMZE NOX [RUbIE%
AR
3 EREAWAITIIEE, 2017YFB0702803, FGEMATEAHIAEIRY
SBEEFAFINA
4 EREARFESHFSEMB, 21422306, ARSI
R
S EREARFHSELETE, 21673205, SREREREENYNRES
FieEtERRT S I TEEEAR
6 INTEBEARNFESRHBENE, LRI15B030001, ST
RHE
T EREARSESH FIRE, 51678518, BREIISOSHRMNZMEREER
BAERIHT



10.6 FRIIED

¢
$
) (
5} HARBIN INSTITUTE OF TECHNOLOGY f Y
. 9

@ Certificate of Award &

i

S22

{
3 @3)) Complete Oxidation of Formaldehyde at Room Temperature f
Project Name : over an Al-Rich Beta Zeolite Supported Platinum Catalyst
; ' J pp LA Y
/@1 Project Members: Ling Zhang, Yiwen Jiang (@\

ég Faculty adviser: Xiangju Meng §

6 - on SR
A “Center Power Cup” International Innovation cA?%

bag %

@and Entrepreneurship Competition on Chemistry (gg\
\ 4(‘
$

and Chemical Engineering §

,‘;\, Entrepreneurship Groups (@’
— I i T (&
'?2) /@Iz;{r.st Prlze/@_l\,/é\ %\

. 7 3
{ Harbé\:r:?itﬁﬂemology Harbin lnstitﬁ?f Teﬁogyﬁ&é ool $
\ International CodperationDivision  of Chemistry and"Chemical Enginegring 14
Q : \@ﬁﬁ& 1@@15&%%%} - @

N SRR SRR 8




10.7 MRS

A " g
S AP
CNAS " A KMES: KJ20190514
N 4

TESTING
CNAS Lo823 201719001121 Test No.

I T B Y B R OB

GQUANG ZMOU INSTITUTE OF MICROBIOLOGY

oA LR S
TEST REPORT

WHHBE 20190 E 01 H BMEM: 209504 09H
Date Received Date Analyzed
HENRMERENH RS IL:
1. KRRF

1) FHMEE: 2522) C

2) HEME, (50 2 10)%RH
2, ksl

RN (1L5mY). WIRHTE LR, Rl RAET
3. Miw

1) BHAMALE, HISRITS (R 137g88) MORENEEA .

2) BN GAL & AN S AT 2 BN DI R 2 1 500 miL aRRIR . 53 BI%EA 200 mL

iR (PRE02%), W ERIE AL A

3) AR SMGITR MY ORI A P, PSR RIERN TR B .

4) EHME AL A DIBAS EIARM A ORS00 B, HIXAIRT].

5) JEAT A B0 B AR URIRIY | min, XM,

6) 24h Wi, ZrBIRT A BRI B MR TR MUV S MK, KIE SRS Ca M0 Ca.

4, HAMAR
200 y(%) = ‘—"F'.ﬁnxwo (CHTARKE. C,HRR0EEKE)
R,
—~
WY 5 R oy g
(mg/m") (mg/m")
KJ20190514.1 s 24 1.9 0.08 927
e i1 54 BUEN of reportess

W 5 - W R BRAM (ARON
Editor C ssuer Date Reported




108 SFEME

% 9-4 BIEER{

RS L1y,

1 REETFFEAM TRIREIRAE
2 RelmMNRRE TERRERAT
3 TIRERE D FIRBERAT]
4 TIRPIFTA R IRAE]

5 LEBIEAHRZERAT

6 N SERFRIRARAT]
7 NSRRI AIRAT

8 RETHI IRETEERS

9 A IZEFREIRAE]




LU EU RS e T B-BHER G RAHE REABMRBTOE,

XtﬁﬂlHﬂﬁ‘lﬂt!ﬂ!{ﬁﬂkﬁ#l&&llﬂﬁhl&Alﬂ.ﬂ:k!lH
BHRAR.

B, RRIW

FARAHREAWICXRARRINS 7 | 855 xieen,
H, HRIENREERR

1. RHRESMARE K2 BEN SR BELE

2. XHURRTFERAB DA , LA B RS E S R

3. BERFFEA—FEE. MBEDY , SARBBEER , QAT 7

4. PZREPEA-HRMITHUENR. SRORTRAT  NENREE, W
RO BSSRRERORE ;

4. REARTOETTRAENAXSHDRFRMARTH , RS AREEE t 5.
A%, N5 RRRBAN S AR AKX RHER NN, 1

CARMARPE  MAMAMEREN, XFHHOBNRTURIUSERE
MR KR,

NeUHTR RISk
4. MRYPIGRATH=MIFR, SR, T, THH. Q&R A EY
AT PRI
5. UMY AL A A M, HO A A SR HLE: . 1R P05 1 BER, TERT G
WOEAFTRETETRRSBROBT, 2500~ TANEATHE.
6. EATHFRORFN AL ML ATAAS , RAFHEANFREL.
7. PNk g TR, ZE KL TR 55, ARSI P H ARtk
=, WA
1. BZIOTBURITREFTES B 4F, PO H, AT BE A, RS T TN
SR, BT A — 2 AL, 55— 75 i AL, SUASE R AR R 53 1T s
RALETFREFHBR i Bt PRIEHS 14 75 FUN 4 4F W0, CE ARG R ABAN A0, (R 5L %2801
HHRABR.
W, RS
AT H GRS RFASURRITIE, FhHEH ML
T PXMERER SR
1. AP ERNE N RE KO HERE SR—BIELZH;
2. AP RATROORE i, Wl DRI E TR T ET L
3. BT PEM—HEE. MRAPDR, LARMBE@RER, OLEN"
4. BZFTPEF—HRBTHRER. FEOUFEBT, HHAREEL §
BRI, K8 Iy BRAOM £ BHE
5. RITG AP MARTHIEOER S BDRACHARITE, RAEARLES
MBi%, T RURPREMR 7 U SR HIER NI,
6. AARARRWI, Wy MANTLEELR. K0 RI 0B 5765 L& B RR
HPE TR

%
YEARTIN
WAL AT
M.

7

it 7R3 R0 AL

4. URPHEGHASFE. WEA, KIZ. WHEL HQEONRCEARHEY
BTRMIE,

5. WRIR ALY AL IER. HALUARRKFIRANGS . REFHNHERETHE
HEATREAFARRBRORG, $5LUHESWTORATIE
SAFHRERFOELERFLLBRAS, REPHECQERFE
PR s IRFAEMESLIRLE REFSIPAHAIFKIE.

« MAMHIRFH

1. PZRAVBFRUFASHFAE SRADS AN DREH RS T TAZHG
BRI FNm—-AEREE B—HHBERE AR RIEAKINRAGTHE

RAGEFRUFEDYRESHAHNS ML EBRFRARA RS RERIE T
HWRAR.

|, R

ARA X HRE. B

. DUMERTTSRIR

L AW ERMRHAARB LB EREAEDREL2E;

2 AHWRRTFILARBRE. OWPRRETERAFTETHR

3 PURAPEA-HRE. RRAHY PARMBBELR, OXEL

4 PZRACEA-HRBTDUENK. FRHBRFERT, HAAREE. R
B BRIERAHRE

5 e el

[ ol

FREHETE, RAEAKEAS

HRX, BAE
CASBMARYE, RAGANTEEH. KFHHHRYAGTHRHFUESRE
MR RAIR.

NPT PR A
4, MBPHHRTHZSIFR. FHA, FTE. FHH. F& @ mamhel
AT RRK
5. BYPA AL F MK, HASUA RROGTEITHLS. 48T 5 MZCR, ET e
MEMTREFETXRBROUT, S5LUNE>TROEATE.
6. EHFHRERBO AL EECUBTAL, REPHUEANREL.
7. TS TR EA X TR S, AR P A A K.
=\ RAMBA
1. PZIGFREIFRHTS A1, 0T H o AN B ER, RSTA LR
FR,ATC h— 7 E ML, 57 At ER L ARG H RE IR A TR,
WA LETF RRBHER B R  FUNA 1A, EA AT R ABAA R B, R5E 223835
HHRAR.
W, R
AT AT RRM R X BFRRRRGIE, FHHEHRLL.
A, BWROEREESRE
1. APERELHE KO AR E S NEL 2 B,
2. APHWURRTHIAE B, 0% EHIULRE K HTETHN
3. B PEEFA—HEE, MBADN, LARRPERA, OXTH:"
4. PZRGPEFA—HRATHRER. FEHURREAT, HHAREE. #
Bt T BRI THE:
5. JITARETMBRTHIENE K FEDUAREFRTH, Dr&aKLEC

MK, R T G
6AAFRRPH, RANANEEELH, KFHANRUSTHRFUEERR
WP R




RTRRET AL,

4 BERAEGHS TR, FRA. HIZ. KHE. FOENR-RRHLY
BTRBKK.

5. DEPHLYAA IS . HILUARRUFHANS, MEPHBER ETH
BEFTRUTERRBLRONG, S$5EUNESWINRATHE,

6. ENTHRRUREMELLMFEVAMAS, RAPHZOBAYE,

7. EF LU ETRAE RS $ TR S RT3 FH HAEKE,

= MAHRF

1. RZRARBFRHF SRS SRADH AR EBEH KB T TEHH
RRUITNS—HTAZRERE, B—HHNELY AETERBREWR B FER,

RAEFRHFEDHRESNATINAER L EQRAL DN BB, R ERIH
WRAR.

B, BRHE

AREFRE RO XBFARRRARE, BHHTHN,
i, DUMERTESRE

1 ABRELRIEH TR RB 2O EAR LN KB 2E;

2 ZDURRTILARERIE, ARSEXOTE WA FETHL

3. BPURAPEA-ARE. RRADR, PARMBELR, OAER ©

4 BZRHPEA-HRBTHUER. SHDUFERS. HABREE, B
BUBHAERIERARE

AR ATR RS A0 AL,
4. BHRMEGHASFE. WEA, FIZ. HUE. FREnitrgARHEY
EHRBICK.
5. R YAABIRR, HALYARRRBRANG, BT HHZRETH
HEHTRENFARBBROXSG. S5LIMHESRBOLATH.
. EARHRERBORLERFEYBRAS, REPHEMBAFE,
EFRLETEATERAS L IBY S REESIPHHEHEKE.
« RAEHIRA
1. BZ TR RSB A SRR A AN TR EHEY T EALNE
R E—AHERRRY, B—HBEREARRERERAIR ATTRE.
WAEFRBEENBRERHAIINS LA EAKRLAANARE K LRI
WRAR.
m, BRAR
ARARRKAHRXBHRARRN Y, FHHENNE.
A, MUBERETSRER
1 ABUERBEHRERB2EETRALMRRATZA;
2 ADURRTLARABIE, OMBERBAE M AGETHL
3 BUMAPER-HEE. RBADY, PARMBELR, OAEMR
4. RZRFPEF—-HRBOBUKR. SRBPUTEERT, HHARZE. B

=3

i

B ERIERARE:

5. hiTBRF F FRENAI M0, M&AKIEAT
iRk, AR 5 hEm,

CAARMARYE, RANANIEEH. KFHEHFNSTHRHFNUESRR
MR AR,

i TR LT Ak

4, RHPHEGHFSHL, WER, HIZ. GHB. HREHRS-ZAEHLY
EHRBIR.

5. WMMALYAAOER. RHLYARBATRANS., MBPHNHTR ETE

BRMT.R $ i L{F.
KARHRUEANELEMFLYRBAL, BEPHEOBRSE,
7. EEYE S TRAWENR™ TR 5 RKERIPHHBIEKE,
= RAGHRH
1. BZRARBFRUFSRESEQAAEE ANEREH KRB B TEXNE
BRI HHERRNL. B—TH NG RAETERBRENR A TEE.
REGFRUFIDNHRESNAFIASERQEARFLAUARE RERBX S
HRAR.

s

m. ARHE
P ARY., ¥
ENRTRTES £
L KB RE R a 28
2 ¥ BRBGTEITING

3 RSP EF—-ARE. RRADR, PARRBELK, OXEWR"
4, PZRFPEFA-HARGTHUFRK. FRDUFERT. HAAREE, K

RN HERIERORE
5 hiTAm FREHAGY. RAEAKIEAS
HiRE R hit!

CABRAARER. NALAREMEH. ZFMBOEUSTHRFUESRY
MR R,

e AT RIS AL

4, MEPETHERIFR. THEAR, TTE. HHN. HRE 08 Rmmhek

AT RRIK.

5. BEVE A RNA A 03, BB RO RN, BRI OER EThE

HEAFTFRETFETLRSROMT, B5000%TRNATHE.
6, EHPHRORFO AL, BBV BTA S, REPHREANEEL,
7. TP S TR I, EH K TR %, R A1 Py H &Rk EE.
=\ RHRA

13 PR BURTF RS B0 & 1, 00 E Y AN TR, (R AT, TS0

B, PTGty — 77 0 RN, 53— 2 UM A3, ST B R AR 53 AT R

TN LETF IR B LS4 0 5 FUN A 1 L TE BT R T B, (RS 2480

HHRAR.
W, RS
ARHFREANRLRHRRRUGE, PHAHERFEL,
A, BUOERER SR
1. APHUERMAR LR E KRG 2 0 ERA Sl B
2. AUHLRRTUORE PR, Wi BRI H % 5T
3. UG TEA—HEE. MRADR, LARRBEEX, OXEH:"

4. PZIPEF—HFR BT HIRK, FHDUFMERT, HAREE. §

BRUUL B BRI BHE,

5. BATAFEPUBRTHIENEE FRDUFREFRTH, WAEFAKEEC

MH%, T RR YN SaR 7 LA BRI MR G .

6AAFAKRYA, NANANEREF. KFHHNRMATHEFUGERR

MR AR,




i ARfERA, AR &R

FHRAR. |

B, RRSR
FRAFRERGLXBHRRMREAT , (155104 5,
E, DUNERRESHE

1. 28

2

3. HWRAPEA-FTE, MBKDR , SARRSEHL , DAFTR !

“m HNERRRE. B
BRSO ERRERORE ;
L «RB

K, RS RRRANN S IHERHER DR,

LLl 22N

>

Ma4NA1m)

LLEE
TIE CHAY) BB 19 BRI AR ) 295 (ORI0) MR FSFR AR W)
L S . i
LR i
WO : 075520199008 w0516
TP RAT - WARETE AT AT R BEMNO LT
L + 410161000400006025 WP o 32250199754800000583
UK CHPARRRIB IS BRI, IR, W, L s
M LA, BT, Tsnn. w
2] s [TETs nR_ | am oA | it | sir
[ RARRY AN " o Yrow  |vesmom
z
3
& it @ s]vimooom
% % 2 s|ArGunarms
= s
VA% 0005 (A AOHBITE. WHATFI
LB RKD AR, B YUT_007 (ANUS IR DEEMI) . QLA BRSNS
WHMATE LI Y33 000 (A
e R
wu.
= pun
= BRI LR (SRR, RAEWR,
. Il!l&
089485
xe-a.
nm)unlnt EEUGUEN. KXHRARS, ZHNSMEN.

SO AR AL TORI A RIS AL
. oam nﬁnqllktunmrmm AR
e e
% Mmtmct unan.
2 M RAR.

W aH

.
LA AMAZHRNRRAREA

BRCORARZRERAANDL, SRYPANTSARAGT TRIE. RN~
LL LS

FARBRZ UMK “WO” 14 PRI . LARRAN FARN,

whaw

ARUNT IRCLL TTETRAANINLNNA

ARARN xn (W @
ATBRZA KMNEN

s AN RIeD
0 ZONGTaNan. FRsaamtin,
5 SNIE. WARASR

A = N




131

10.9 M55IKR

(—) FERR
1. BAZERIERIR

(1)

(2)
©)

(4)

(%)

(6)

(7)

(8)

(9)

EE AR ENSMUITIBERA 10 &, RELAHEIRIE, HiRTTHRE,
RN RRUREHEEERRIRSE, THENWTIBERS 5 &,
ToRRF=HEEEIRD 20 FF, RTIERAMHE, BRTKE.
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1. FAZRF
x® 1 A\RESRTRPME (BL:H7T)

1] =| 2020E 2021E 2022E 2023E 2024E
=i 15.60 31.20 62.40 93.60 140.40
Thi%ER 3.24 6.60 17.52 38.75 122.81
HEFEZE ] 4.00 10.00 77.50 193.75 621.94

(WA53ER) 0.72 1.36 3.82 453 5.69
BARWEIE  5.40 13.50 41.85 104.63 331.59
TEEH 28.96 62.66 203.09 435.26 1,219.34

EEERRE CEO 5ETEEAR, HIRShIIEER, minabis
VAR mERIES, 2022 FF Pura RYIIER E&EAEHEIN T HiZEA R,
malIE, AENSOBECKED FIEZRLINEGR, NERAARR
55", 2022 Fepl-mEr~Sin, EFEAARKNBEN. MARMSEE
XASMERI, LIBESIFITEUS AT, RESHhamE—UR TR
f. FAHAKSHEREATROFKEN, BTRENEEHERD.




2 HEZHRN (B4 F5T)

Fin 2020E 2021E 2022E 2023E 2024E
HEARTE 3.24 6.60 17.52 38.75 122.81
i5 1.20 3.00 20.15 50.38 159.66
= 11.00 27.50 85.25 213.13 675.47
Bz 1.28 1.83 2.56 3.64 4.35
EhRSH(th 7.60 19.00 58.90 147.25 466.69
ait 24.32 57.93 184.37 453.14 1,428.97

3. BTN (B4 F5T)

=) 2020E 2021E 2022E 2023E 2024E
BBARTE 16.32 32.56 66.22 98.13 146.09
¥dloke 10.00 35.00 186.00 465.00 1,473.75
DIYN ]| 3.36 5.81 12.27 25.76 48.16
i |2 E-4 7.40 10.56 14.77 20.99 25.08
PREETCRSE T 14.60 18.62 25.38 35.78 51.60
R ZR 12.00 30.00 93.00 232.50 736.88
ZiEE 3.60 9.00 29.45 73.63 233.34
Hith 5.40 13.50 46.50 124.00 393.00

ait 72.68 155.06 473.58 1,075.77 3,107.91
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x4 MERWURHE (847 F5T)

2020E 2021E 2022E
200.00 500.00 1,550.00
68.69 138.31 363.36
1.60 4.00 12.40
24.32 57.93 184.37
72.68 155.06 473.58
20.41 30.32 48.90
2.00 5.00 15.50
10.30 109.38 451.88
20.00 20.00 20.00
30.30 129.38 471.88
0 0 55.26
42.73 132.84 416.62
= 42.73 132.84
42.73 175.57 549.47
4.27 17.56 54.95
38.45 158.01 494.52
6.41 26.34 82.42
- - 100.00
32.05 131.68 312.10

2023E

3,875.00

844.22

31.00

453.14

1,075.77

67.60

38.75

1,364.52

20.00

1,384.52

234.63

1,149.89

416.62

1,566.51

156.65

1,409.86

234.98

100.00

1,074.89

2024E

12,281.25

2,507.85

98.25

1,428.97

3,107.91

89.80

122.81

4,925.66

20.00

4,945.66

996.39

3,949.27

1,149.89

5,099.16
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&5 BN (B4 F57T)

] =] 2020E 2021E 2022E 2023E 2024E
&

HhER 248.62 275.26 1,008.29 2,808.40 7,016.83
RS~ - - - - -
BIUSTHEER 38.00 95.00 294.50 736.25 2,333.44
== 96.00 90.00 279.00 697.50 2,210.63
mEhErESit 382.62 460.26 1,581.79 4,242.15 11,560.89
KHEABSAUYR R - - - - .
BEEr 260.73 330.95 423.36 561.18 636.94
EHETE - - - - .
TR &= 151.70 202.07 280.16 399.61 580.83
ERSE=SIt 412.43 533.01 703.52 960.78 1,217.77
Bt 795.04 993.27 2,285.30 5,202.93 12,778.66
R

SoHBfEER 224,58 420.04 872.17 2,130.07 5,672.30
BI{THER 13.74 27.66 72.67 168.84 501.57
RIRsH R 4.00 10.00 31.00 77.50 245.63
HERMAMGR

RaEhfakEsit 24232 457.70 975.84 2,376.42 6,419.49

KHAfESR 140.00 140.00 140.00 140.00 140.00
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E|SlAlta g
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FrE&E s

BRAIA

EEARE

FE RS

FOECFE

FRE&E ST

QRS

20.00

160.00

402.32

200.00

150.00

4.27

6.41

32.05

392.73

795.04

20.00

160.00

617.70

200.00

17.56

26.34

131.68

375.57

993.27

20.00

160.00

1,135.84

200.00

500.00

54.95

82.42

312.10

1,149.47

2,285.30

20. 00

160.00

2,536.42

200.00

1,000.00

156.65

234.98

1,074.89

2,666.51

5,202.93

20.00

160.00

6,579.49

200.00

1,000.00

509.92

764.87

3,724.37

6,199.16

12,778.66




NX)

138

*6: WEmMEFRTN (BAZ: HIT)
Fn 2020E 2021E 2022E 2023E 2024E
i =|
HIWII & REN - 248.62 275.26 1,008.29 2,808.40
—. EEENTENHERE
HERRIRUSSMETRA 160.00 400.00  1,240.00 3,100.00 9,825.00
. LR, ESESIINNE 18.15 45.37 140.65 351.63 1,114.45
IR -7.58 0.38 47.36 185.94 766.25
HENSEZER 97.01 212.99 657.96 1,528.91 4,536.88
FEERMFEENIETRE R 52.43 141.26 394.03 1,033.52 3,407.43
. REESTENNERE
&I, 88 73.40 84.30 112.10 165.80 109.20
RRENFEENNERE R -73.40 -84.30  -112.10 -165.80 -109.20
=. ERENTERHE
ISR e 4 R I RO IR & 150.00 - 500.00 1,000.00 1,000.00
KHIERR 140.00 - - - .
ZIFISZEA 20.41 30.32 48.90 67.60 89.80
FliESE - - .
EREF NI ERE R 269.59 -30.32 451.10 932.40 910.20
HIARI S REN 248.62 27526 1,008.29 2,808.40 7,016.83






