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Abstract 

Rice Hull Ash (RHA) was converted to amorphous silica gel using a modified version of published 
literature procedures. The gels were characterized by a comparison of their CPMAS [29] Si NMR and 
Scanning Electron Microscopy (SEM) images with commercial silica gels. The resulting gels were 
silanized with a 7.5:1 mixture of methyltrichlorosilane and chloropropyltrichlorosilane and then reacted 
with poly(allylamine) (PAA) to produce the silica polyamine composite (SPC) BP-1. The BP-1 was then 
further modified with pyridine-2-carboxaldehyde to form the copper selective SPC, CuSELECT. This 
procedure follows that used to produce the commercialized version of these composite materials from 
commercially available amorphous silica gels. The composites were characterized by solid state NMR 
techniques, elemental analysis, SEM, porosimetry, and metal ion capacity and selectivity. The overall 
goal of the project was to determine the feasibility of using RHA to make SPC. The observed strengths 
and weaknesses of this approach are discussed.  

 
 

 
Introduction 

 
Amorphous silica gels are most often 

manufactured commercially from sodium silicate 
solutions by precipitation with mineral acid. 
Sodium silicate is made in open hearth furnaces 
operating at temperatures in excess of 1300°C by 
the fusion of silicon dioxide with soda ash 
(equation 1).   

 
3SiO2 (sand) + Na2CO3  �  CO2# + Na2SiO3 + 
2H+(aq)  �  SiO2(gel) + 2Na+(aq) + H2O     (1) 

 
Although the basic methods of this process are 

outlined by Iler [1] the specifics of the modern 
commercial process remain the proprietary 
information of the manufacturers. Depending on the 
conditions of the precipitation and subsequent 
processing, silica gels with a range of porosities, 
surface areas and particle sizes can be produced. 

An  alternative  to  this  high  energy  process  is 
 
 
 

 
 

 
offered by the conversion of Rice Hull Ash (RHA) 
to silica gel. The ash is produced from the 
combustion of rice hulls obtained from rice grain 
processing for making heat and electricity at rice 
processing facilities. The ash consists mostly of 
silicates (~60-90%) and activated carbon. Because 
of the micro-structure of the silicates in the ash they 
can be dissolved in 1M NaOH at 100°C and then 
reprecipitated and dried to form amorphous silica 
gel [2-5].  Other low temperature processes for the 
dissolution of silica gel have also been reported but 
involve the use of organic reagents such as catechol 
or ethylene glycol [6-8]. Tetraalkyl ammonium 
hydroxides have also proven very useful for the 
dissolution of RHA and the resulting solutions 
provide an entry way into silsesquioxane-based 
nanomaterials [9]. The gels produced by these low 
temperature routes have proven to be useful for 
typical applications of silica gel particles such as 
drying agents and adsorbents [2-5]. Recently, it has 
been reported that the addition of tetraethoxysilane 
(TEOS) to the hydrosol formed after dissolution of 
RHA, but before gelation, provides a silica gel with 
greater mechanical stability and improved porosity 
by increasing crosslinking between oligomers of 
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silicic acid molecules, thus stabilizing the pores and 
decreasing the amount of cracking when the gel is 
dried [10]. These properties are critical to the 
synthesis of composite materials. In particular, we 
have been studying silica polyamine composites 
(SPC), inorganic-organic hybrid materials designed 
for selective ion capture for applications in the 
mining and environmental remediation industries 
[11-22]. This is a commercialized technology 
which would greatly benefit from a cheaper and 
more environmentally benign method of making 
silica gel [23-26].   

We report here our efforts to reproduce the SPC 
technology starting from RHA including a 
structural comparison of the materials made from 
RHA with the previously reported SPC materials, 
and testing of the final products for metal ion 
capture and selectivity. Although papers have been 
authored by researchers concerning the production 
of silica gel from RHA there has been little work 
done on the further conversion of  thes e silica  gels  

to composite materials [2-5, 10]. We have 
employed the method of Teng and Li for the 
conversion of RHA to silica because of the methods 
available in the literature their method seemed to 
provide a gel most adaptable to the SPC technology 
[10]. 

The overall process for converting amorphous 
silica gel to an SPC is illustrated in Figure 1. First, 
the surface is silanized, using a mixture of 
methyltrichlorosilane and chloropropyl- trichloro-
silane in a 7.5:1 ratio which has been shown to give 
SPCs with the highest metal-loading capacity. The 
silanized surface is then reacted with poly (ally-
lamine) (PAA) to form the SPC referred to herein 
as BP-1 and finally a metal selective ligand is 
grafted to the polymer via a C-N or amide bond 
(Figure 2). For the purposes of this study we con-
verted BP-1 to the copper selective composite 
CuSelect and compare its properties with the 
previously reported versions of this material [25, 26]. 
 

 

 
Fig.1. Schematic diagram of the synthesis of the silica polyamine composites BP-1 and CuSelect. 
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Fig. 2. Ligand modifiers covalently bound to the silica polyamine composites 

 
 
Experimental Materials 
 

Rice hull ash was obtained from Riceland Inc, 
Stuttgart, Arkansas. Raw silica gel (25.4 nm 
average pore diameter, 150-250 and 350 -650 �m 
particle size, 450 m2/g surface area) was obtained 
from INEOS, UK or from Qing Dao Mei Gow, 
Qing Dao, China. Sulfuric acid and NaOH were 
obtained from EMD.  Reagent grade methanol was 
obtained in bulk from Fisher Scientific. 
Poly(allylamine) (15000 MW) was obtained from 
Summit Chemicals Inc., Summit, NJ. Chloropro-
pyltrichlorosilane and methyl-trichlorosilane were 
obtained from Aldrich Chemicals and used as 
received. Tetramethoxysilane was obtained from 
Gelest Inc. and used as received. Copper (II) 
solutions (50 mmol/L) were prepared by dissolving 
25 g of reagent grade CuSO4·5H2O in 2L of water, 
pH adjusted to pH 2 with 0.2 mol/dm3 H2SO4. 
Deionized water was used throughout. 

 
Methods 

 
Solid state [13] C and [29] Si CPMAS NMR 

data  were  obtained  on  a  Varian  NMR  systems  
 

NMR spectrometer at 125 MHz and 99.5 MHz 
respectively using ramped cross-polarization and 
SPINAL64 and TPPM decoupling techniques with 
sample spinning speeds of 10-15 kHz.   

Scanning electron microscopy data was obtained 
through the University of Montana Electron 
Microscope Facility with a Hitachi S-4700 cold 
field emission SEM. 

Atomic Absorption Spectroscopy (AAS) 
experiments were done using a S2 FAA 
spectrometer manufactured by SOLAAR, UK. The 
samples were diluted using 2% HNO3. An 
air/acetylene flame was used to analyze iron and 
copper. Inductively coupled plasma/atomic 
emission spectroscopy experiments (ICP-AES) 
were done using a Perkin-Elmer instrument using 
standards from Fisher Scientific Co. The dilutions 
were done in triplicate and standards were analyzed 
every ten samples for both methods.   

Elemental analyses were performed by Galbraith 
Laboratories, Knoxville TN. A calibrated 
ThermOrion model 250 portable pH meter was 
used for all pH measurements. Mercury 
porosimetry was performed using a Micromeritics 
Autopore 9500 available at Montana Tech 
University, Butte, MT. 
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Synthesis of Silica gel from Rice Hull ash 
 

Rice Hull Ash (33.3 g) was added to 1 L NaOH 
(1M) and held at reflux for 90 minutes with 
overhead stirring. The solution was filtered through 
Whatman #41 ashless filter paper and allowed to 
cool to room temperature. The carbon portion was 
discarded. The mineral content of the sodium 
silicate solution was determined to be 24.15 g/L 
sodium  and 11.12 g/L silicon by ICP-AES.A 100 
mL aliquot of the sodium silicate solution was 
titrated to pH 7 using 1 M H2SO4. The requisite 
amount of acid to titrate the remainder of the 
sodium silicate solution was determined and 
introduced using high speed magnetic stirring. A 
volume of tetraethoxysilane (TEOS) equivalent to 
1/30 the volume of the solution (sodium silicate and 
acid solutions combined) was added concurrently. 
Stirring was continued until the solution took on a 
bluish hue, indicating that gelation was about to 
occur. 

After gelation occurred the gel was aged in situ 
for 24 hours. Two liters of reagent grade methanol 
were then added to the beaker, and exchanged after 
12, 24, and 48 hours. After 72 hours the methanol 
was removed via aspiration and the gel broken, 
placed in a pyrex dish, and placed in an oven at 
80°C until dry (24-36 h). 

The dried gel was ground using a mortar and 
pestle and sieved to a particle size between 250 and 
495 �m. The resulting powder was washed to 
remove residual salts using 1 M HCl and then dried 
again. The final yield of silica gel was 14.1 g  

 
Conversion of silica gel made from RHA to 
CuSelect   
 

The silica gel made by the above procedure was 
converted to BP-1 using previously published 
procedures [12, 13, 16]. The synthesis of CuSelect 
reported as described herein has not been 
previously published. BP-1, 5g in 20 mL chilled 
methanol was combined with 3.0 g (2.8 mmole) 
pyridine-2-carboxaldehyde and 3.9g (1.9 mmole) 
sodium triacetoxyborohydride was added. The 
mixture was allowed to stir for one hour in an ice 
bath, then an additional 3.9g (1.9mmole) of sodium 
triacetoxyborohydride was added. The ice bath was 
allowed to come to room temperature and stirred 
overnight. The material was washed with water, 5% 
H2SO4, water and finally with methanol. After 
drying at 50°C 3.2g of CuSelect was obtained. 

Elemental analyses for the composite materials at 
each stage of the synthesis are given in Table 1. 

 
Table 1 

Elemental analyses for the silica gel from  
RHA and the SPC 

 
Material C H N Halogens 

Gel 0.53% 1.14% <0.50 % 0.02 % 

CP-gel 2.73% 1.00% <0.50 % 0.71% 

BP-1 9.82% 2.50% 2.56% 0.13% 

Cu-
Select 16.84% 3.03% 3.73% 0.10 % 

 
Measurement of the Copper batch Capacity for 
BP-1 
 

Copper batch capacity for BP-1 was determined 
using air/acetylene Atomic Absorption 
Spectroscopy (AAS). A 100 mg sample of BP-1was 
placed in a sample vial and 10 mL of 1.5 g/L 
CuSO4 (intrinsic pH ~3.5) was introduced. The 
system was allowed to come to equilibrium 
overnight on a shaker and the concentration of Cu2+ 
remaining in solution was measured. From this, the 
amount of copper adsorbed by the composite was 
determined to be 102.9 mg/gram of composite.   

 
Selectivity of Copper over Iron for the CuSelect 
made from RHA 

 
The selectivity of the CuSelect made from RHA 

for copper over iron was tested by generating a 
breakthrough curve using a 5 mL column packed 
with 3.00 g of CuSelect.  This was done by passing 
300 mL of a solution containing1000 ppm Cu(II) as 
CuSO4 and 2600 ppm in Fe(III) as Fe2 (SO4)3 at a 
pH =1.5. The solution was passed through the 
column at a rate of 0.5 column volumes per minute. 
Aliquots were collected every 10 mL and subjected 
to AAS after 1000:1 dilution. The results are shown 
in Figure 6 and are discussed below. Based on prior 
breakthroughs of this type errors are estimated to be 
±10% per graphed point.12, 26 

 
Attrition testing of the silica made from RHA and 
comparison with commercial silica gel 

 
The mechanical stability of the RHA silica (250-

495 micron particle size) was tested by placing 10 g 

126 



 

in a 25 mL
deionized w
mechanicall
sieved to de
degraded 
distribution
was then te
are shown in

 

Re

* Starting with
 
Results an
 

Digestio
solution tha
sodium and
ICP-AES.  
Si of 1.0
principal s
containing a

The met
conversion 
reported su
most simila
produced SP
gels with m
distribution
30]. In mos
not reporte
involve th
tetraethoxys
gelation. T
polymerizat
porous yet m
yield of 14.
size, washin
recovery o
solution an
starting RH
losses durin
the silicon 
solution, th
The eleme
relatively lo
that the initi

Material 

RHA 

Commercia
Gel 

L Nalgene b
water.  The m
ly driven ro
etermine the 
below the

. A sample o
ested in an id
n Table 2 an

T
esults of Partic

h a 10 g sample

nd discussio

on of the R
at contained 
d silicon resp
This corresp
:0.4, in re
species in 
an excess of 
thod of Li a

of the silic
urface areas 
ar to the gel
PC.  Other m

much lower su
s or poor m
t of these ref

ed. The met
he addition 
silane (TEO
This appar
tion of the 
mechanically
.1g after grin
ng and dryin

of the silico
nd 42 weig

HA. This doe
ng grinding a
n concentrat
he RHA was
ental analys
ow carbon c
ial separation

>250�m

8.81g 

al 9.53g 

Euras

bottle and ad
mixture was t
otor bed for 

mass of com
e starting 
of the comm
dentical man
nd are discuss

able 2 
cle Attrition T

e 

on 

RHA in 1M 
24.15 g/L a
pectively, as
ponds to a m
easonable a

solution b
NaOH.  

and Wong [1
cate solution
and pore si

ls used in th
methods wer
urface areas,

mechanical str
ferences thes
thod of Li 

of a sma
OS) to the
rently help

silicate and
y more robu
nding to the 
ng represent
on in the 
ght % reco
es not take i
and sieving.
tion in the 
s approximat
sis of the 
content of 0
n of the silic

m <250�m

0.80g% 

0.11g 

M

ian ChemTe

dding 10 mL
then rotated o

24 h and t
mposite that 

particle 
mercial silica
nner. The res
sed below. 

Testing* 

NaOH gav
nd 11.12 g/L
s determined

mole ratio of 
agreement w
being Na2S

10] used for 
n to silica 
ize distributi
he commerci
e tried and g
 wider pore 
rength [2-4, 
se properties
and Tang d
all amount 

e sol prior 
s to deve

d gives a m
st gel. The f
desired part

ts a 59 mole
starting silic

overy from 
into account 

Also, based
starting R

tely 73 % S
gel showed
.53% indica
on dioxide fr

m %Loss 

8.35%

1.2 %

Matt Berlin et
 

ech Journal  1

L of 
on a 
then 
had 
size 

a gel 
sults 

ve a 
L of 
d by 
Na: 

with 
SiO3 

r the 
gel, 
ions 
ially 
gave 
size 
27-

s are 
does 

of 
r to 
elop 

more 
final 
ticle 
e % 
cate 
the 

t the 
d on 

RHA 
iO2. 
d a 

ating 
from 

the
1).

der
smo
(Fig
cov
tho
ind
bou

Fig
b) c

RH
gel
rota
50 
rota
siev
frag
par
are
the
deg
use
not
ava

.al. 

12 (2010)  12

carbon in t

The scannin
rived silica a
oother morp
gure 3). Th
vered with 
ough the m
dicating that 
und to the su
 

 

 
. 3. SEM 

commercial si
 
In order esti

HA derived si
we used a 

ating 10 g sa
mL of water
ating bearing
ved to determ
gmented to 
rticle size dis

summarized
RHA derive

gradation as 
e of TEOS th
t as mechan
ailable silica 

23-131 

the RHA wa

ng electron m
and the com
phology for 
he RHA der

nanometer 
material wa

these partic
rface. 

images of 
lica (Qing Da

imate the me
ilica relative 
recommend

amples of the
r in a plastic
g bed [31]. 
mine how m
below the l

stribution of 
d in Table 2.
ed silica had 
the commerc
he resulting g
nically stron
made by the

as fairly effi

micrographs 
mmercial sili

the RHA si
rived silica 
sized partic

as thorough
cles may be

a) RHA de
ao Mai Gow) 

echanical sta
 to the comm

ded test whi
e silica gel s
c container f
The sample

much of the s
low end of 

f 250-495�m
. It can be s
8 times as m

cial silica. E
gel, in our h

ng as the co
e mineral rou

icient (Table

of the RHA
ca reveals a
ilica surface
however, is

culates even
hly washed,
e chemically

 

 

erived silica,

ability of the
mercial silica
ich involved
suspended in
for 24 h on a
es were then
ilica particle
the starting

. The results
een that that

much particle
ven with the

hands, is still
ommercially

ute. 

127

e 

A 
a 
e 
s 
n 
, 

y 

,  

e 
a 
d 
n 
a 
n 
e 
g 
s 
t 
e 
e 
l 
y 

7 



 

The silic
BP-1by re
methyltrich
trichlorosila
to publishe
Elemental a
gel, M-CP a
(2.0 mmol/
observed fo
from comm
under the s
the MTCS 
CPTCS on 
commercial
polymer lo
increases in
silica (9.8%
3.90%N). 
significant d
composite w
for the BP-
This is con
that reducin
CPTCS) pr
metal coord
derived si
coordination
MTCS:CPT
considered 
accurate da
on the ac
hydroxyl gr
is possible 
silica made 
indicates th
propyl gro
reacted wit
average wei

Mercury
derived BP
diameter i
calculated s
The averag
available ge
surface area
same cond
almost ide
commercial
pointed out 
the experim
measuremen
while those
psi and excl

128 Nanopo

ca gel was t
eaction wit
lorosilane 
ane (CPTCS
ed literature
analyses for
are given in T
/g) observed
for the corre
mercial silica 

ame conditio
competes 

the RHA d
l gel [12]. 
oading as e
n %C and %N
% C and 2.5
However, t
decrease in c
which is 102
1 made from
nsistent with
ng the num
rovides mor
dination [12, 
lica the op
n has an 

TCS. Howev
tentative in

ata for surfac
ccepted stan
roups being 
that this nu
from RHA. 

hat 80% of 
ups original
h the PAA, a
ight gain for 

y porosimetry
P-1 determin
is 22.7 nm
surface area
ge pore diam
el was determ
a was 268.6 
ditions. The 
entical to t
l silica gel 
t that the hig
mental is ba
nts done at 

e reported he
lude pore dia

orous Silica P

Euras

then convert
th a 7.5:

(MTCS): 
S) and then 
e procedures
r the interm
Table 1. The

d is slightly 
esponding M
gel of 0.98%

ons [12]. Th
more effect

derived silica
This result

evidenced b
N relative to 
56% N versu
this does n
copper batch 
2.9 mg/gvers
m commercia
h ourpreviou

mber of anch
re free ami
32]. In the c

ptimum rat
even hig

ver, this conc
n light of 
ce coverage 
ndard numb
8-9 ± 1 �mo
umber may 
The residual
the chlorine

lly present 
after adjustm
this reaction

y measureme
ned that the
m with a 
a of 234.6 m
meter of th
mined to be 2
m2/g m mea

pore size 
that of BP

(Figure 4)
gher surface 
ased on me
pressures up

ere only wen
ameters of <

Polyamine Co

ian ChemTe

ted to the S
1 mixture 

chloroprop
PAA accord

s [12, 13, 
mediate silani
e 0.71% chlo
lower than 

M-CP-gel m
% (2.8 mmo
his suggests 
tively with 
a relative to 
ted in a lo
by the sma
the commer

us 13.8%C 
not result i

capacity for
sus 90-105 m
al silica gel [
us observati
hor points (
nes capable
case of the R
tio for cop
gher ratio 
clusion must
the absence
which is ba

ber of surf
ol/m2 [33, 34
be different 
l % Cl of 0.1
e atoms on 
on the surf

ment for the 1
n [12]. 
ents on the R
e average p

correspond
m2/g (Figure
e commerci
25.4 nm and
asured under

distribution
-1 made fr
. It should 
area reported

ercury intru
p to 60,000 
nt up to 30,
 1 nm. The p

 
omposites fo

  

ech Journal  1

SPC, 
of 

pyl-
ding 
16]. 
ized 

orine 
that 

made 
ol/g) 
that 
the 
the 

ower 
aller 
rcial 
and 
n a 
r the 
mg/g 
12]. 
ions 
(less 
e of 
RHA 
pper 

of 
t be 

e of 
ased 
face 
]. It 
for 

13% 
the 

face 
12% 

HA 
pore 
ding 
e 4). 
ally 
 the 

r the 
n is 
from 
d be 
d in 
sion 
 psi 
000 

pore 

size
sim
com
con
 

 
Fig
deri
com

 

Fig
silic
with
gel 
mad

mo
acc
spe
5)

or Metal Ion 

12 (2010)  12

e distributio
milar to tha
mmercial sil
nditions exclu

. 4. Mercury 
ived BP-1 (

mmercial silica

. 5. CPMAS 
ca, silanized
h analogous m
(M-CP refer

de with a 7.5:
 
Based on th

odified silica
curate assig
ecies present

[32, 35-39]

Capture From

23-131 

n is illustra
at observed 
lica gel me
uding pore d

intrusion vers
R) overlayed
a gel (Q) (both

29Si NMR co
silica (CP), 
materials ma
rs to the fact 
1 mixture of M

he prior inv
a surfaces 
nments for 
t in these ty
]. Although 

m Rice Hull

ted in Figu
for BP-1 

easured und
iameters of 

sus pore diam
d with BP-1
h scales are lo

mparing the 
and PAA com
de from comm
that these m

MTCS and CP

estigations o
it is possib
r the variou
pes of mater

h the differe

 Ash 

ure 4 and is
made from

der identical
<5 nm [32].

meter for RHA
 made from

ogarithmic). 

RHA derived
mposite BP-1
mercial silica

materials were
PTCS). 

of silica and
ble to make
us siloxane
rials (Figure
ent siloxane

s 
m 
l 

 
A 
m 

 
d 
 

a 
e 

d 
e 
e 
e 
e 



 

species pre
cross polar
make sem
analogous 
resonances.
RHA derive
profile as t
mono-hydro
silanization 
spectra are
shows a mu
relative to T
gel. This m
per silane a
hydroxyls. 
RHA-M-CP
more diffic
separation o
result of the
M-CP or to
between po
difference i
material wi
dramatic inc
that we hav
[13] C NMR
reaction of 
hydroxyls. T
where an in
difficult to
point to sig
surfaces. Th
RHA deriv
demonstrati
with the com

The ultim
RHA derive
the SPC te
polyamine w
conversion 
shown selec
pH [40, 4
reported as
reaction of 
[40, 41]. 
convenient 
procedure w
by reductio
(Figure 1). 
referred to a
BP-1 was c
the comme
analysis sho

esent experi
rization enha

mi-quantitativ
series of sa
 Thus it ca
ed silica has 
the commer
oxyl, surfa

however v
e observed. 

much higher 
T2 sites com

means that m
and suggest 
The higher 

P relative to
cult to under
of bulk silox
e lower mech
o a narrower
ores in this 
s not appare
ith PAA to 
crease in T3 
ve previously
R [32]. The 

f the silane 
This is not o
ncrease in T
o rationalize
gnificant diff
his requires 
ved materia
ing reprodu
mmercialized
mate test of 
ed silica for
echnology i
with a metal

to the com
ctivity for co
41]. This c
s CuWRAM
BP-1 with 2
We have 

synthesis 
with 2-pyridi
n with sodiu
The SPC m

as CuSelect. 
conducted un
ercially prod
ow a signific

Euras

ience differ
ancement it

ve conclusio
amples for 
an be seen t
 the same [2
rcial gel dom
ace Q3 r
ery differen
The RHA 

relative amo
mpared with 
more surface 

a higher de
ratio of T

o the comm
rstand.  It c
xane from t
hanical stabil
r wall thickn

sample. In
nt after react
give BP-1. 
sites for the 

y observed a
basic PAA p
hydroxyl w

observed with
T2:T3 ratio is 
e these diff
ferences betw
further inve

als with an
cibility as 
d SPC [40]. 
f the feasibil
r the proven
is the modi
 selective lig

mposite, Cu
opper over f
composite w

M and was 
2-picolyl chl

since deve
using a 

ne carboxald
um tris(aceto
made by thi
The reaction

nder the sam
duced CuSe
cant increase

M

ian ChemTe

ent degrees
is possible

ons across 
related [29

that the star
29] Si resona
minated by 
resonance. 
t [29] Si N
derived M

ount of T3 s
the commer
hydroxyls r
nsity of surf
:Q sites in 

mercial M-C
could be due
the surface a
lity of the RH
ness on aver
n any case 
tion of silani
Here we se
commercial

and followed
promotes fur
with the surf
h the RHA B

seen. Altho
ferences cle
ween to the 
estigation of 
n emphasis 
has been d

lity of using 
applications

ification of 
gand.  We ch
Select that 
ferric ion at 
was previou

made by 
oride (Figur

eloped a m
hydroamina

dehyde follow
oxy)borohyd
is route is n
n with the RH

me condition
elect. Eleme
 in %C and 

Matt Berlin et
 

ech Journal  1

s of 
e to 

an 
] Si 
rting 
ance 

the 
On 

NMR 
M-CP 

sites 
rcial 
react 
face 
the 

P is 
e to 
as a 
HA-
rage 
this 
ized 
ee a 
l gel 
d by 
rther 
face 

BP-1 
ough 
early 

two 
f the 

on 
done 

 the 
s of 
the 

hose 
has 
low 
usly 
the 

re 2) 
more 
ation 
wed 

dride 
now 
HA-

ns as 
ental 
%N 

and
deg
cor
obs
ana
a p
abo
mo
Pro
from
sho
~16
the
pro
The
dat
me
wit
for 
the

Fig
(SiP

Fig
con
at p

/

.al. 

12 (2010)  12

d the % incre
gree of ligan
rrection for 
served for th
alysis gives a
polymer nitro
out 35% of 
odified to giv
oof of the lo
m the solid 

ows the expe
63 ppm as w

silane meth
otons associa
ese shifts ag
ta for the C
thod, but th
th the RHA 
the aromatic
silane reson
 
 

 
. 6. Solid stat
Pr stands for t
 

 

 
. 7. Breakthro

ntaining 2600 
pH =1.5 

0

0,5

1

1,5

0

C/
C 0

23-131 

ease in N ca
nd modifica
the average 

his reaction 
a ligand load
ogen loading

the availab
ve the desire
oading of t
state CPMA

cted aromati
well the exp
hyl, silane pr
ated with PA
ree well with
CuWRAM 
he lower po
BP-1 leads 
c and polym

nances [41]. 

te CPMAS 13C
he propyl grou

ough curve fo
ppm ferric io

10

Copper

n be used to 
tion of the

e 12% incre
(Table 1) [4

ding of 0.56 
g of 1.59 m
le polymer 
d picolyl lig
he pyridine 
AS [13] C N
c pyridine re
ected resona
ropyl and th
AA (Figure 
h our previo
made by th

olymer load
to lower sig

mer resonance

C NMR of R
oup attached to

r CuSelect us
n and 1000 pp

20

Sample�Nu

Iron

estimate the
 BP-1 after
ase in mass

40, 41]. This
mmol/g and

mmol/g. Thus
amines are

and [40-41].
ring comes

NMR which
esonances at
ances due to

he methylene
6) [12, 32].

ous SS NMR
he previous
ing realized

gnal to noise
es relative to

RHA-CuSelect
o the silane. 

ing a solution
pm Cupric ion

30

umber

129

e 
r 
s 
s 
d 
s 
e 
. 
s 
h 
t 
o 
e 
. 

R 
s 
d 
e 
o 

 

t 

 

n 
n 

9 



 
Nanoporous Silica Polyamine Composites for Metal Ion Capture From Rice Hull Ash 

  

Eurasian ChemTech Journal  12 (2010)  123-131 
 

The selectivity of the RHA-CuSelect is clearly 
demonstrated by the breakthrough test illustrated in 
Figure 7. The more concentrated ferric ion reaches 
the feed concentration after 20 mL have been fed 
through the column. The feed concentration of the 
cupric ion is not attained until 130 mL have been 
passed through the column.  From the data on this 
graph we can estimate that the selectivity for cupric 
over ferric ion is approximately 11:1. This 
selectivity is not as high as that previously reported 
(>50:1) but the particle size used here was 250-495 
�m (commercial CuSelect now uses this particle 
size range in the manufacture of CuSelect) as 
opposed to the prior work which used 150-250 �m 
at same feed rate of 0.5 column volumes/min [40-
41]. The observed selectivity under the reported 
conditions is sufficient for this proof of concept 
study. 

 
Conclusions 
 

Starting from the available waste product RHA 
we have been able to demonstrate that the resulting 
silica gel can be used to produce a commercially 
utilized composite material, CuSelect. However, 
mechanical stability is not nearly that of the 
commercial product and the spectroscopic studies 
reported here suggest that there are significant 
differences in the surface features and behavior of 
the RHA derived materials.  Nonetheless this work 
represents a good start and has defined the 
problems associated with using RHA as a starting 
point for composite materials in general.  What lies 
ahead are detailed studies for improving 
mechanical strength by modifying the procedure for 
converting the RHA to silica used [10]. One 
possibility is the use tetramethoxysilane (TMOS) 
instead of TEOS as we have found that this 
crosslinking agent is more reactive [32]. It is 
anticipated that improving mechanical stability will 
narrow the gap in performance between the RHA 
derived and commercially produced SPC and 
perhaps elucidate some the unusual surface features 
reported here as measured by solid state CPMAS 
[29] Si  NMR. 
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