-
brought to you by i CORE

View metadata, citation and similar papers at core.ac.uk
provided by Xiamen University Institutional Repository

RS : 10384 NIRRT WK

25 20620081151624 UDC

B r3
Bt % L ® X

I SRR TR : Si0, TBEBL 1l & S X 2-2K 4%
FRY 8 s 5 A
Supercritical Fluid Technologies: Preparation of Silica Aerogel

and Adsorption of 2-Phenylethyl Alcohol

AP HE

FRSHINRE4: 5% HE%
Lok & B Dk M fb
WIXHRATHM: 2011 45 H
VWSO TR : 2011 4E 6 H
AT HE: 20114 H

EMERaTN. _

A _

20114 H


https://core.ac.uk/display/41409775?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

BXEFEFAILIREEE A

AN EAZM AL SOEA NAE T 5 8 0L 58 1% K0T 5T 1
Ko ANAEWRLEIEH S HADAN NG DA BRIV TR, 1)
AE SO DATE 24 57 AW W], IR SRV (TR S50 2
ARG GRATO).

T AL A ( DU (A1)
RIBFTEA, BRAG ( ) WEL () 222 eI E
welh, 7E ( ) SERrESEMN . GRAE L ERGS EHE R

A R 1 DT NS A FR, ARAT RIS W AR, Al AANERF

ol )

PN (BE4):
F H H



BIRFFAIRCEAERE A A

ANFRE TR AR SE Crp e N RN [ 22 07 2% 8 47 58 it 7
V) SERE Or BRI I RS2 218 3C, JF 1) T2 A1 T B F R e M LAIR AT
FALR S CRLFRAU RN /O, VA AL SCHEN T
(EYSE (L S VINE IV NIV R PNE 2 b VA8 VNG S Y
Tt A e SO B Bt P A TR R RS AT S B LR
S G RS, SR ED S A Bl sl Hee Ty s BRI 22 018 3

AR E T

( ) LAJET TR IRE 2 e W A€ IR A A8 3,
=i TR A, ERIEH R

( ) 2AGRE, G EIE B

G fERL B NS S NET “ v 7 BUIH BN R IR A1 3
Mg B E I TRFAIRE R RS e A AR 3, REE TR AR

A IR SCRE AT AR S0 A IR A ), BRA
NATFENR S, ¥IEH B



S

i E

Si0, Tt TR Si0) YKL TAH H IR 4544 g K 2 AR 4548, IFAESL
R T 7 (71 1 Ry 2 O I 2 7 7 1 ey NS O RE R U
=2 P2 SR DL S LB A AL LR AR BT, Si0, BRI T T
T2 N T HEAR IR L AR RS L M5 2955 o B I S 4 (Supercritical Fluid, SCF)
BR N — IO R I e (A FBoR, 7EVF2 U rh kAT T R AR . AT 2R
SCF A il 4% Si0, LR K, IFHFTUEIN A CO, TP AL 2- 4 L 11 Si0, LI
R BHAT A o

KRB IR, 2B FGRER AL PR s B Pas ik, ik
L4 Sio, Wkt . R HBIG AL T8 (Supercritical Fluid Drying, SCD) A%}
BERHAT T, B 3RkAT Si0, R &, H] FT-IR. XRD. SEM. BET A
Tl 4 11 Si0y BRI G5 H . TESURILL R AR AE . 45 R H: Jrihl % Si0, Jki—
DRI RN, =ML SRy, pAnls), 2Iefas: N SCD BRI
IRAG K ORL L2 W 8 e oA 17 sR3RAF ke, FLAEY5 ] 0.90-1.37 em’/g,
LR HIRALE 300-700 m*/g, JF HLRBLHI &SRR, §7 40, BhALnT LAG 33w
FOURLRIALAE s DURTAGEIE S 40 700 P A5 1) ORI L 250 R B 3 TR sy T B BR PR AL

K FHAB I S fH RIFITLERB I A CO, 1 2-28 LREAEIE ST 11 Si0, KL 111
W4T A . Bl SEM. FT-IR 3R /5 SiO, &M IAR 4k, JFERTT T SiO, Mk
LR TAR . AL 2-28 SRR S IR . 45 RR W WRPHATIS Si0, LI
TR RAEYHRIN G, W I Rt e R AR AR B B IR SR IR 4K 15.0MPa
8.4MPa AT 2-I8 SRR P I (134944 15h, AR T HORI Z87UR 41 T I
PRI (37h LA BD; 24 2- 2R AR AERRIG St COp AL T AR RS I, H
BT AT B B, 2 2-OK CTEAT IR S COL IR BEGE S T i B MR i
RS, Si0, Xof HLW F-: SURITH i, R BRI T A AR B 5 HAT 2B 2 X
FEWFIE I O R Y (W IR 77 8.4-16.8MPa, LS 313-333K, 2-ZK ZEETEMR IR
Ft CO, PIRFIMIRD, 2-2K LTI Bt Bl A W 5 (0 T kS, BT s g (9 T
9 T3 K o ARBHE 51 KA R I S AR IR B e 5 I I B 531 JE R B 380 22 931 o WK



S

(AL

T BRI S AR TR, 43 55 = 4] SV (Stryjek-Vera) 15 1E ] Peng-Robinson
RA&TTHE (3D-PRSV EoS) flik fitAAAH, MLERuERE 2 (2D-vdW EoS) i
IR BRAH, ARG HOBEL Y 2- 8 ZWEAE IR COL T SiO, LI BAT , AESE
B (0 e Ve R Y, P AE T B ZE 40 (Absolute Average Relative Deviation,
AARD) 1E 1.8%/ 4,

K ULEE: 2K LR RBIGR COp RGN, RS T T

it

II



Abstract

Abstract

Silica aerogels are solid-materials with nano-porous network structure which are
filled with gas dispersing medium in the pores. They also belong to nano-materials.
Because of its unique three-dimensional network structure and high porosity, high
pore volume and high surface area, silica aerogels can be widely used in catalyst
supports, sensors, gas separations and so on. Supercritical fluid (SCF) technology has
shown significant development in many fields as a new green technology. In this
study, SCF technology was employed to prepare silica aerogels and the adsorption
behavior of 2-phenylethyl alcohol (PEA) on silica aerogels from supercritical CO,
( SC-CO,) was studied.

Firstly, water glass was used as the precursor to prepare wet gel by using H,SO4
as the catalyst, citric acid as the catalyst, ion exchange process and carbonation
process, respectively. Supercritical fluid drying (SCD) was employed to dry the wet
gel and obtain the final particles. FT-IR, XRD, SEM and BET were implemented to
characterize the obtained particles. Results show that the silica materals prepared are
amorphous nano-particles with three-dimensional network structure. The particles
dried by SCD have larger pore volume than those obtained from other drying
technologies. The pore volume ranges from 0.90 to 1.37cm’/g, while the specific
surface area is between 300 and 700m*/g. In addition, the expanding pore agent and
assisted pore agent in the preparation process can effectively improve the pore volume
of particles; particles from catalyst of citric acid have larger pore volume and specific
surface area than those from H>SOj.

Supercritical adsorption technology was employed to study the adsorption of PEA
on selected silica from SC-CO,. SEM and FT-IR were implemented to analyze the
pore structure of particles before and after adsorption, and the effect of the pore
volume and specific surface area on the amount of PEA adsorption was investigated.

Results show that the pore structure of particles does not collapse before and after the
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Abstract

adsorption and there is no obvious bond change in the adsorption process. The
equilibrium time of PEA adsorption on the silica is about 15h at both pressures of 15.0
and 8.4MPa, which is much shotter than that at low pressure (saturated vapor pressure;
>37h). When PEA in SC-CO; is unsaturated, it appears monolayer adsorption; when
the concentration of PEA in SC-CO; rises to saturated state slowly, the amount of
adsorption increases rapidly, which favors high amount of adsorption of flavor. Under
the investigated conditions (pressure: 8.4-16.8MPa; temperature: 313-333K; PEA in
SC-CO; is saturated), the amount of PEA adsorption decreases with the temperature
increasing, while it increases with the pressure increasing. It is the first time to report
that the adsorption isotherm changes from monolayer to multi-layer in supercritical
adsorption process.

A theoretical model has been developed to represent the adsorption equilibrium.
In the model, the two-dimensional van der Waals equation of state and the
three-dimensional Stryjek-Vera modification of the Peng-Robinson equation of state
are used to describe the adsorbed and bulk phases (vapor phase and liquid phase),
respectively. Results show that this model is capable of describing the adsorption
behavior of PEA on SiO; from SC-CO; with AARD (Absolute Average Relative Deviation)

about 1.8%.

Keywords: Silica aerogel; 2-phenylethyl alcohol; supercritical CO,; supercritical

adsorption; supercritical fluid drying; adsorption model
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