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Synthesis of Aerosol-like Amphiphilic ZSM-5 Zeolite
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Abstract By asymmetric modification of ZSM-5 zeolite with 3-aminopropyltriethoxysilane and phenyltrimethoxy-
silane, amphiphilic ZSM-5 zeolite with hydrophilic outer surface and oil-philic inner surface was prepared. The as-
prepared zeolite was used as a precursor and processed by a gas-phase amphiphilic generator to obtain an aerosol-like
zeolite with amphiphilic properties. The materials were characterized by means of SEM, XRD, FTIR and N,
adsorption. The hydrophilic-lyophilic balance (HLB) of materials was measured and calculated. The effects of
different concentrations of precursor and carrier gas flow on the size and quantity of aerosol-like amphiphilic zeolite
were investigated.
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Scheme 1 Schematic for the preparation of the APTES-ZSM-5-PTMS zeolites
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Fig.1 SEM images(A, B) and TEM images(C, D) of ZSM-5 zeolite(A, C) and APTES-ZSM-5-PTMS(B, D)

DIV R 5 mg/mL (1) APTES-ZSM-5-PTMS XGE 73 F- i KA E M AT IR , 2 I R A dn ab R 5
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Fig.2 SEM images of aerosol-like amphiphilic ZSM-5 zeolite
X ZSM-5 43 - i . APTES-ZSM-5-PTMS XX 3% 43 i I 208 0 e WE 0 F i 47 1 FTIR R AE
[EI3(A)]. 3AFESLIIFE 1230, 1105 F1803 em ™' b H BRAFAEIE | iX S ZSM-5 43T B 3L B9 IR sh AR 1iE 0
PR BHEAGE . 200 S S e & A 2R A BRIS AT AR F5 4 ZSM-5 BU 43 -t i 4544 . APTES-ZSM-5-PTMS
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Fig.3 FTIR spectra of ZSM-5 zeolites, APTES-ZSM-5-PTMS, and aerosol-like amphiphilic ZSM-5 zeolite(A),
TG curves of APTES-ZSM-5-PTMS and aerosol-like amphiphilic ZSM-5 zeolite(B), XRD patterns of
ZSM-5 zeolites, APTES-ZSM-5-PTMS, and aerosol-like amphiphilic ZSM-5 zeolite(C) and aerosol-like
amphiphilic ZSM-5 zeolite before and after TG analysis(D)

Table 1 Elemental analysis of C, H, N of ZSM-5 and APTES-ZSM-5 zeolite

Sample N(%) C(%) H(%) C/N* c/H
7SM-5 0 0 0.188 0 0
APTES-ZSM-5 0.04 4.44 0.230 114.01 19.61

* Mass fraction ratio.

X ZSM-5 431 . APTES-ZSM-5-PTMS XU 73 -1t S 28 S EAGE 73 F- i 47 7 XRD 40#r, 4521
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IR F08 (R 5 JE4FAE . APTES-ZSM-5-PTMS B 4307 ()RR AE AT S 04568 B HE ZSM-5 43 F i g AIG, 31X
2 FH TR Z il A B G AR T LSRR 18, T RS FI B A FLES R R o 2540 . 2 I
XUEA> T B AEAT S50 BE e APTES-ZSM-5-PTMS B 230 it i A A, X & DR BG4 1
Zad R e AR A PR H A BCTR A AR S AR A R RO SR AR A, IR IR GE 43T 1Y SEM ARt
AL AT BRI — £ BEAh, XSCE i A S SR 43 F i A T 1T R 40, S5 an1& 3(B) B
. ATLUER], PIETE 100 CRI RS, J& i TS I &K 3 8928 L Frs; 76 100~800 “CHi [l N
AT LVE BIPHEA AS A L R E, S i T o0 TR A S K G im BE A ) R 8. aTLVE S, 28
SRR Sy~ 2 2 LB W S s T 8R40 5By , AT REJE FH T I A 2 AR B P v b i A2 3
R ECE A, M SR I R B AR, R BURE LB . XSRS
PP HTAL BRS FORE SR UEFT T XRD 40T, 45540 3(D) s . Al LB R, ST b B S RE A ERAE
UEERH SR a5 , ERH T RS ERGE 43 R EE 0 ) SRR A e A B R B AR A T i
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Fig.4 N, adsorption-desorption isotherms(A, C) and pore size distribution(B, D) of APTES-ZSM-5-
PTMS(A, B) and aerosol-like amphiphilic ZSM-5 zeolite(C, D)

Table 2 Physical properties of APTES-ZSM-5-PTMS and aerosol-like amphiphilic ZSM-5 zeolite

Micropore External surface  Pore volume/ ~ Micropore Mescopore
Sample Sper/ (m*+g™) I - R
) area/(m>+g™") area/(m*+g™") (em’-g™) size/nm size/nm
APTES-ZSM-5-PTMS 226.29 131.55 94.75 0.40 0.59, 0.68 2.73
Aerosol-like amphiphilic ZSM-5 zeolite 245.92 140.45 105.47 0.44 0.59, 0.68 2.73

1 25 mg ST ME APTES-ZSM-5-PTMS XUE 730 A F] 10 mL 1E+75%6 5 10 mL 0. 1 mol/L NaCl
WIR AR ZR T, BAEIRY, #0782 dJ5 1 Pickering FLIR 22 WLIR F G2 W 0B I 7 An &l 5 iR . IR &
(A) (B)

Fig.5 Appearance(A) and optical microscopy image(B) of Pickering emulsion stabilized by aerosol-like
amphiphilic APTES-ZSM-5-PTMS
10 mL n-hexadecane+10 mL aqueous NaCl(0. 1 mol/L)+25 mg aerosol-like amphiphilic APTES-ZSM-5-PTMS.
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A7 gt B ALK, FLBORER 7E 17 B Hr P o i, M A AR R R, E B A
IKFLH . FUARI AT AERREOT NS, SO I T4 S AR E AR AR R LR
2.2 ESBRWE ZSM-5 4 FiF HLB(S){ERITE

K HFUAL I 8 28 SV W E ZSM-5 43T B HLB (S, 4nl&l 6 firai , B2 IR RGE ZSM-5
Ay F0 A HE) 19% B %0 HLB {H (HLB=6, 7---13) f43HAH 1 80% KA BTRA 9 . AR Fr #435 ih (HLB=
16) Ff AR (HLB=6) 4% I — & L BTR 515 581 . R RIB A5 HE 12 h, HLB(S)HF TRfEKR R
Hyh AR HLB .

Fig. 6 Emulsification effect of aerosol-like amphiphilic APTES-ZSM-5-PTMS in different HLB systems(after 12 h)
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Fig.7 Relationship between the concentration of precursor solution and particle quantity(A), particle
percentage(B) (gas flow rate: 1 L/min), and relationship between gas flow rate and particle

quantity(C), particle percentage(D)(concentration of solution: 2. 5 mg/mL)
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