
KoreanZ Chem. Eng., 19(4), 685-687 (2002) 

SHORT COMMUNICATION 

Preparation of Chemically Active Mesoporous Adsorbent for Pt01 ) and Pd01) 
Adsorption from Aqueous Solutions 

Taewook Kang, Younggeun Park, Jong Chul Park, Young Sang Cho* and Jongheop Yi * 

School of Chemical Engineering, Seoul National Umversity, San 56-1, Shinlim, Seoul 151-742, Korea 
*Korea Institute of Science and Technology, 39-1, Seongbuk, Seoul 136-791, Korea 

(Received 12 April 2002 �9 accepted 28 May 2002) 

Abstract-Chemically active mesoporons silica was prepared via grafting of N-(3-ttiethoxysilylpropyl)-4,5-dihy- 
droimidazole. Binding behavior &the adsorbent toward Pt(II) and Pd(II) ions was investigated. In addition, the pro- 
penes of the adsorbent, such as pore stmc~re and pore unifolTnity, were also examined. Results showed that the 
adsorbents developed in tiffs study have high affinity for noble metal ions, such as Pt(II) and Pd(II), in aqueous 
solutions. 
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INTRODUCTION 

For metal exb-actions fi-om dilute aqueous solutions, solid-phase 
adsorbents have greater applicability than traditional solvent ex~ac- 
tiort A variety of adsorbents have been sinned extensively for this 
purpose. Kin1 et al. [2000] and Chah et al. [2002] synthesized the 
adsorbent for heavy metal removal using silica. Adsorbents using 
hollow fibers have also been reported [Choi et al., 1999]. The recent 
discovery ofmesoporous molecular sieves has stimulated a renewed 
interest in developing a novel adsorbent, since these materials show 
relatively large and unifonn pore diameter with cylindrical pare 
shape. These properties are advantageous for use in aqueous solu- 
tion because of tremendous reduction of diffusion resistance. For 
mesoporous materials to be used as an adsorbent, fimctional groups 
should be incorporated on the surface of these materials. A variety 
of functionalization mefll~ls of mesoporous materials such as graft- 
ing, co-condensation have been widely documented [Stein et al., 
2000]. Liu and coworkers [1998] also prepared organic-inorganic 
hybrid mesoporous materials via coa~lg method. Lee et al. [2001] 
prelmred HMS type adsorbent for heavy metal removal. Dai and 
coworkers [2000] synthesized selective Cu > adsorbents using MCM 
type mesotxrous silica Brown et al. [1999] also reported that selec- 
tive Hg 2+ adsorbent could be synthesized by using silica. 

However, little research has been reported for the adsolption of 
noble metal ions using mesoporous silica. Talanova et al. [2001] 
reported that polymeric ex~acmms with heterocyclic amine tnits 
extn'oited efficient adsc~ption ofPcl0X) mlcl Pt(ID fic~n aqueous solu- 
tions, and Lin et al. [2002] reported that polymers containing fimc- 
tional groups with donor N and S atoms were the promising adsor- 
bents toward noble metal ions. In this study, mesoporous adsorbents 
fimctionalized with chelating ligand (imidazole group) via g ~  
mefflod were s3alfflesized mlcl applied for the adsorption of noble 
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metals in aqueous solutions. To our knowledge, ffm work, is the 
first attempt to develop fimctionalized mesoporous silicas for noble 
metal ion adsccption. 

EXPERIMENTAL 

SBA-15 mesoporous silica was synthesized by using a non-ionic 
surfactant, Pluronic P123 (poly(alkylene) oxide triblock copolymer, 
BASF Co.) as a template and tetmethylorthosilicate (TEOS, Ald- 
rich Chemical Co.) as a silica precursor. In a typical experiment 10.0 
g of Pluronic P123 was dissolved in an aqueous HC1 solution (1.6 
iV[, 358 ml). TE�9 14.3 g, was added to this solution and the mix- 
Inre was stirred vigorously, which resulted in a microemulsion. Alter 
20in; fflis perfectly b-ansl~-ent solution was heated to 100 ~ and 
maintained for 24 hr with stirring. The resulting solid, SBA-15, was 
filtered off and washec[ The surfact~lt was then removed by hot 
ethanol extraction in a Soxhlet aplmmms. In order to gl-aft metal 
adsorptive fiJnctional group containing silane on the mesopore wall, 
SBA-15 was silanized with N-(3-biethoxysilylpropyl)-4,5-dihy- 
droimidazole (Imidazole, Gelest Inc.). In the specific synthesis of 
imidazole gl-affed SBA-15 (Imi-SBA-15), 2.0 g of SBA-15 was re- 
fluxed with 3 ml of imidazole in 60 ml of dry toluene for 20 t~: Solid 
products were filtered offand washed with solvents in the order of 
toluene, acetone mid ethanol. Elemental azlalysis was conducted by 
elemental analyzer (RECO CHNS-932). Nz adsorption-desorption 
isotherms were measured with a sorptometer (ASAP 2010, Micro- 
meritics Co.). Fotiner ttarlsfonn itfflar-ed spectroscopy (M2200, Mi- 
dac Co.) was used to identify the fimctional groups in the samples. 
Small-Angle X-ray Scattering (SAXS) patterns were collected on 
a Broker GADDS diffractometer. 

A hatch technique was applied to determine the metal binding 
capacity of as-s3althesized adsorbents. Typically, 0.1 g of adsorbent 
was equilibrated with 10 mL of 1 mM K~PtC14 or K2PdC14 (pH 4 
buffer) in stoppered plastic vials; this mixture was shaken for 12 hr 
and the concentration of metal ion m tile supematant solution was 
analyzed by using ml Inductively Coupled Plasma-Atomic tv, lnis- 
sion Spectrometer (ICP-AES). 
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Fig. 1, N~ adsorption-desorplion isotherms of SBA-15 m~d Imi- 
SBA-15 prepared by graliiag method. BJH pore size dis- 
trl%mion obtaiaed from the desorpfion branch are inctuded 
for comparison (inner figure). 

RESULTS AND DISCUSSION 

Fig. 1 shows N: adsorption/desorption isothmns of SBA-15 and 
imidazole grafted SBA-15 (Imi-SBA-15). Two samples showed 
hreversible type IV adsorption isotherms with al l1 hysteresis loop 
as defiled in the 1UPAC. Surface area, pore diamaer and pore vol- 
ume of  SBA-15 decreased due to the grafting of knidazole. Pore 
size diaritmtions of  SBA-15 and Imi-SBA-15 were similar except 
for the average pore diameter, which decreased approximately 2 rnn 
because of  grafting. Hexagonal mesoporons structure of  SBA-15 
was not altered through the preparation steps. These conservations 
of the mesolx~-ous slructure are confrmed more precisely by the 
SAXS data (not shown here). Regardless of surface lrealrnents, two 
samples had the same primary peak at 0.83 ~ which knplies the ma- 
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Fig. 2. FI'-IR spet-tra al" SBA-15 (lower spear'a) and/mLSBA-15 
(uppel" spectra). 

ptO:D vd(ID 

Sample Uptake K a Sorbed Uptake K a Sorbed 
(%) (mUg) (mmol/g) (%) (ml/g) (mmol/g) 

SBA-15 20.89 26 0.019 13.51 15 0.012 
Imi-SBA-15 99.38 15960 0.093 97.75 4337 0.093 

terials prepared have an i~nfical cell ~-aneter with SBA-15. These 
remits reflect that the silica mesostmaure of  relatively large and 
unifoml pore size with cylinckical pore shape was conserved dur- 
ing the grafting. The fimctional groups contained by two samples 
were identified by using Fr-IR (Fig. 2) O-H bond stretching bands 
ofsilanol groups were observed at 3,200-3,600 an -1. Silanol groups 
on the silica surface exist as several types, such as isolated, hy~o-  
gen-banded, and geminal types of silanol The IR absorption bands 
of these silanol groups corresfxmd to the peaks at 3,738 am -~, 3,2(10- 
3,600 cm -1 and 3,738 cm-k The results showed that the sa-face sil- 
anol group was mainly of the hydrogen-bonded type, in IR absorp- 
tion bands which were observed at 3,200-3,600 cm-k The silox- 
me, -(SiO)~-, peak broadly appeared at 1,000-1,100 cm-k Si-O bond 
slretching was detected at 960 cm-k After grafting of imidazole, 
O-H bond stretching bands of  silmol groups d~sappeared, while 
the adsorption bands at 1,544-1,734 cm -1 ~gpeared due to the im- 
idazole grafting [Socrates, 1994]. The amount ofimiduzole grafted 
in the ~ e n t  was calculated, based on N contents fi~m an ele- 
mental analysis (not shown here) was 3.64 mmol/g SBA-15. 

Metal adsorption experiments were performed by using SBA- 
15 and Imi-SBA-15 in buffer solution at pH 4. The amount of  ad- 
sorbed metal ions is shown in Table 1. The extent of metal adsorp- 
tion capability can be represented by distribution coefficient, K~, 
which is defined as the ratio of the amount of metal ions in solid 
matrix to those in liquid malrix as li~ed in Table 1. The results show- 
ed that SBA-15 itself had a lNle binding affinity for 1:~1I) and Pd(lI) 
metals. Imi-SBA-15 exhibited much higher binding aff~lity for no- 
ble metal ions than other polymer-based adsorbents [Pd(lI), Pt0I)] 
[Talanova et al., 2001], fiber-based adsorbents [Pd(II)] [Linet al., 
2002] reported in the literature. 

In conclusion, we report here the synthesis of  noble metal ion 
adsorbent using mesoporons silica, SBA-15. The surface of SBA- 
15 was functianalized by imidazole vin grafting method. Some losses 
in surface area andpore volume occmred. However, ordered meso- 
porous slmcture of  the support was conserved through the syn- 
thetic steps. The synthesized adsorbent exhibited ahigh adsorption 
ability such as a high I~, uptake and capacity for Pt(lI) and Pd(II) 
in dilute aqueous solutions. 
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