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Sorbents prepared from iron blast furnace slag (BFS) and
hydrated lime (HL) through the hydration process have
been studied with the aim to evaluate their reactivities
toward SO, under the conditions prevailing in dry or semidry
flue gas desulfurization processes. The BFS/HL sorbents,
having large surface areas and pore volumes due to the
formation of products of hydration, were highly reactive
toward SO, as compared with hydrated lime alone (0.24 in
Ca utilization). The sorbent reactivity increased as the
slurrying temperature and time increased and as the particle
size of BFS decreased; the effects of the liquid/solid

ratio and the sorbent drying conditions were negligible.
The structural properties and the reactivity of sorbent were
markedly affected by the BFS/HL ratio; the sorbent with 30/
70 ratio had the highest 1 h utilization of Ca, 0.70, and
SO, capture, 0.45 g SO,/g sorbent. The reactivity of a sorbent
was related to its initial specific surface area (Sg) and
molar content of Ca (M™Y); the 1 h utilization of Ca increased
almost linearly with increasing Sqo/M. The results of this
study are useful to the preparation of BFS/HL sorbents with
high reactivity for use in the dry and semidry processes
to remove SO, from the flue gas.

Introduction

Reducing SO, emissions from power plants is a major issue
for environmental protection. Many flue gas desulfurization
(FGD) processes are available for the reduction of SO,
emission (1—3). The dry and semidry FGD processes have
the advantages of lower capital cost and easier waste
treatment in comparison with the wet processes commonly
adopted in power plants; however, the utilization of the
sorbent, which is mostly hydrated lime (HL), in the former
processes is low. The economics of these processes can be
greatly improved by increasing the sorbent reactivity and
utilization.

Many researchers found that sorbents prepared from HL
and silica-containing materials, such as fly ash (4—22),
diatomaceous earths (23—24), quartz (25—26), silica fume
(27—-31), and iron blast furnace slag (32), are more reactive
toward SO, than HL. The silica-enhanced lime sorbents were
prepared through a hydration process in which silica reacts
with HL to form foil-like calcium silicate hydrates in the
presence of water; this reaction is called “pozzolanic reaction”
(33). It has been confirmed that the pozzolanic reaction,
which results in sorbents with large surface areas, is
responsible for the enhancement of sorbent reactivity (4, 9,
10, 13, 22).

* Corresponding author phone: 886-2-23633974; fax: 886-2-
23623040; e-mail: smshih@ntu.edu.tw.

10.1021/es030347c CCC: $27.50
Published on Web 07/17/2004

[J 2004 American Chemical Society

Among the silica-containing materials, fly ash has at-
tracted the most attention so far. Iron blast furnace slag (BFS),
mainly composed of CaO, SiO,, and Al,O3, is similar in
constituents to fly ash, but its CaO content is higher. The
literature on sorbents prepared from BFS, however, is scarce
(32). Only recently, Brodnax and Rochelle (32) reported that
sorbents prepared from HL and BFS indeed had greater
surface areas and higher reactivities than HL. Successful use
of sorbents prepared from BFS reduces not only the operating
cost of adesulfurization process but also the amount of waste
BFS. Thus, this subject deserves further study.

In this work, sorbents were prepared from BFS and HL
under different preparation conditions. The sorbents were
characterized and subjected to reaction with SO,, with the
aim to elucidate the effects of the preparation conditions on
their structural properties and hence their reactivities toward
SO,.

Experimental Procedure

Preparation of Sorbents. The HL used in this study was
reagent grade Ca(OH), (Hayashi Pure Chemical Industries,
Ltd). The BFSwas supplied by the China Hi-Ment Corporation
in two size ranges, high fineness (HBFS) and general fineness
(GBFS). The physical properties and chemical compositions
of the HL and BFS are listed in Table 1.

The hydration of BFS and HL using deioned water was
performed in a 250 mL polypropylene conical flask, keeping
constant the total solid weight at 8 g. The BFS/HL weight
ratios tested were 0/100, 10/90, 30/70, 50/50, 70/30, 90/10,
and 100/0. The water/solid (L/S) weight ratios tested were
5/1,10/1, 15/1, and 20/1. After pouring the solids and water
into the flask, it was sealed with a rubber stopper at the
mouth and inserted into a thermostat. The slurry was stirred
with a magnetic stirrer for a certain period of time, 0.42—32
h. The slurrying temperatures used were 25—95 °C.

The slurry was typically vacuum-dried at 105 °C for 8 h.
To study the effect of drying conditions on sorbent reactivity,
some slurry samples prepared with a HBFS/HL ratio of 30/
70, L/S ratio of 10/1, 65 °C, and 16 h slurrying time were
dried under different conditions: vacuum and 105 °C for 2
h, vacuum and 35 °C for 24 h, and ambient pressure and 105
°C for 8—168 h. The dry cake was crushed into powder and
sealed in a bottle before use.

Sulfation Test. The sulfation test was performed by
reacting a sample of about 30 mg with a gas mixture
containing N, H,O, and 1000 ppm SO- in a differential fixed-
bed reactor at 60 °C and 70% relative humidity (RH). The
conditions was selected so as to simulate the typical
conditions in the bag filters of a spray-drying FGD process.
CO; and O, were not added to make the synthetic flue gas
because the test was only conducted for screening purposes.
Our preliminary tests, however, showed that the presence of
CO;and O; had negligible effect on the sulfation of sorbents.
The sample was dispersed into the quartz wool inserted in
the sample pan; the pan was perforated at the bottom to
facilitate the passage of the gas. The experimental setup and
procedure were similar to those used by Ho and Shih (10).

The utilization of Ca (X) for a reacted sample was defined
as the SO3?~/Ca?" molar ratio. The SO32~ content in areacted
sample was determined by iodometric titration and the Ca?*
content by EDTA titration. The details of these analyses were
described by Ho and Shih (11).

The SO, capture (SC) for a reacted sample was defined
as the ratio of the weight of the SO, captured to the initial
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TABLE 1. Physical Properties and Compositions of Hydrated Lime and Iron Blast Furnace Slag

composition (wt %)

dp density Sqo
material ~ (gm)  (g/cm®)  (m%g)  Ca(OH), Ca0 Sio, Al,0;  MgO  Fe03  SO;  alkalinity S ignition loss
Ca(OH), 6.0 2.30 10.0 >95
HBFS 5.9 2.90 15 42.00 3347 1378 698 039 042 1.67 0.27 1.67
GBFS 7.9 2.89 14 42.32 3429 1452 6.77 018 044 1.83 0.23 0.64
TABLE 2. Preparation Conditions (L/S = 10/1), Structural Properties, and Sulfation Results for BFS/HL Sorbents®
BFS/HL slurrying slurrying M Vim A SC
weight temp time (g sorbent/ dp Sqo (2—50 nm) (2—300 nm) (g SO/
ratio (°C) (h) L/s mol Ca) (um)  (m%g) (cm3/g) (cmd/g) Xb g sorbent)
raw HBFS 10/1 146 5.9 15 0.005 0.008 0.03(3) 0.01
HBFS/HL
100/0 65 16 10/1 147 20.8 171 0.130 0.135 0.11(4) 0.05
90/10 65 16 10/1 139 17.2 25.9 0.192 0.197 0.43(3) 0.20
70/30 65 16 10/1 128 141 31.1 0.224 0.229 0.51(4) 0.26
50/50 65 16 10/1 114 12.2 32.6 0.243 0.252 0.60(3) 0.34
30/70 65 16 10/1 96 7.2 28.9 0.205 0.212 0.70(3) 0.46
10/90 65 16 10/1 82 7.0 23.6 0.137 0.141 0.45(2) 0.35
0/100 65 16 10/1 75 5.8 11.8 0.073 0.077 0.24(3) 0.20
30/70 25 16 10/1 97 7.2 22.3 0.167 0.174 0.39(3) 0.25
30/70 35 16 10/1 99 0.57(3) 0.37
30/70 45 16 10/1 98 7.4 28.8 0.185 0.192 0.58(3) 0.38
30/70 55 16 10/1 98 0.64(2) 0.42
30/70 75 16 10/1 97 0.67(3) 0.44
30/70 85 16 10/1 99 7.2 31.1 0.204 0.206 0.69(3) 0.45
30/70 95 16 10/1 97 0.68(2) 0.45
30/70 65 0.42 10/1 100 7.1 26.8 0.188 0.194 0.60(3) 0.38
30/70 65 1 10/1 97 0.59(3) 0.39
30/70 65 2 10/1 101 0.63(3) 0.40
30/70 65 4 10/1 98 7.2 28.4 0.191 0.197 0.62(3) 0.40
30/70 65 8 10/1 100 0.67(2) 0.43
30/70 65 32 10/1 99 7.3 30.9 0.194 0.201 0.72(3) 0.47
30/70 65 16 5/1 101 0.60(3) 0.38
30/70 65 16 15/1 100 0.69(2) 0.44
30/70 65 16 20/1 100 0.70(2) 0.45
raw GBFS 10/1 149 7.9 1.4 0.005 0.007 0.02(3) 0.01
GBFS/HL
100/02 65 16 10/1 151 23.8 12.4 0.076 0.079 0.08(3) 0.03
90/102 65 16 10/1 145 17.5 28.1 0.203 0.209 0.35(4) 0.15
70/302 65 16 10/1 128 15.2 0.42(4) 0.21
50/502 65 16 10/1 114 13.7 32.8 0.195 0.200 0.52(3) 0.29
30/702 65 16 10/1 97 9.7 26.0 0.151 0.154 0.61(3) 0.40
10/902 65 16 10/1 83 7.2 0.36(3) 0.28

a2 GBFS. ? No. of sulfation runs. ¢ Sulfation conditions: 60 °C, 70% RH, and 1000 ppm SO, for 1 h.

weight of the sample. SC is related to the utilization of Ca
by

SC = MggprM X 1)
where Mso; is the molecular weight of SO, and Mis the initial
sample weight per mole of Ca. M was determined from the
Ca?" content of an unreacted sample, which was measured
by EDTA titration. The values of M of the sorbents are
summarized in Table 2.

Chemical and Physical Analyses. The samples were
subjected to X-ray diffraction (XRD) analysis using a Mac
Science MO3XHF X-ray diffractometer with Cu target. Scan-
ning electron microscope (SEM), Hitachi S-2400, was used
to observe the morphology of a sample. The sorbent particle
size was measured by laser diffraction using a Coulter LS-
230 analyzer. The specific surface area of sorbent was
determined from the nitrogen adsorption data by the BET
method, and the pore volume distribution was determined
from the nitrogen desorption isotherm by the BJH method,
using a Micromeritics ASAP 2010 analyzer.
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Results and Discussion

XRD Analysis. The XRD patterns of some sorbents prepared
at different conditions are shown in Figure 1. The pattern of
the treated BFS (100/0), which is similar to that of the raw
BFS, has a mild hump in the range of 26 from 20° to 40° with
a peak at about 30°, characterizing the amorphous portion
of the slag. The pattern indicates that the crystalline portion
of the slag is very small. The peak at 26 of 29.6° indicates the
presence of a small amount of CaCOs; in the slag. The peak
of CaCO; did not appear for freshly prepared samples.

For BFS/HL (90/10—10/90) sorbents, the patterns showed
the characteristic peaks of Ca(OH), and the hydration
products, calcium silicate hydrates (e.g., ill-crystallized
tobermorites (33), 26 = 29°—29.8°, 32°, and 49.8°), calcium
aluminum oxide hydrate (CazAl,O6°xH,0, 20 = 11.56°, 23.58°,
31.25°,35.56°), and calcium aluminum silicate hydroxide (Cas-
Al,(SiO4)(OH)s, 20 = 28.88°, 32.37°,39.91°, 45.21°). The peaks
of hydration products, such as calcium silicate hydrates, are
weak; thus, it is difficult to identify all of them contained in
a sorbent. Also, it is difficult to tell how the sorbent
preparation conditions affected their formations. Neverthe-
less, their peaks seemed to be stronger for sorbents prepared
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FIGURE 1. XRD patterns of HBFS/HL sorbents prepared at various
slurrying conditions: (1) 100/0 wt ratio, 65 °C, L/S = 10/1, and 16
h, (2) 90/10 wt ratio, 65 °C, L/S = 10/1, and 16 h, (3) 30/70 wt ratio,
65 °C, L/S = 10/1, and 16 h, (4) 30/70 wt ratio, 65 °C, L/S = 10/1, and
0.42 h, and (5) 30/70 wt ratio, 25 °C, L/S = 10/1, and 16 h. (a: Cas-
Al,OgxH,0, c: calcite, d: CazAly(SiO4)(OH)s, h: Ca(OH),, t: calcium
silicate hydrates).

B
h
2 [1000 . \
& s \‘
> a I ]h f h
g o o h
g Pl ol d o
E 03 fw -, WWWVW,M/ M. S&WNMS W‘“W
A\ s
2) Ww‘,, m‘A w,m“‘NWW i ;f\wwwww’mm
!L* S
(1 YWN‘wW;‘SMWWMW AWM\‘WMV‘WM‘J’MA’“’VNN@V
0 10 20 30 40 50
20, degree

FIGURE 2. XRD patterns of sulfated HBFS/HL sorbents prepared
with various weight ratios: (1) 100/0, (2) 90/10, and (3) 30/70. Slurrying
conditions: 65 °C, L/S = 10/1, and 16 h; sulfation conditions: 60 °C,
70% RH, 1000 ppm SO, and 1 h. (a: CasAl,0s-xH:0, c: calcite, h:
Ca(OH),, s: CaS0s3:0.5H,0, t: calcium silicate hydrates).

with a BFS/HL ratio of 30/70, or with a longer slurrying time,
or with a higher slurrying temperature (Figure 1), and
unaffected by the L/S ratio.

Figure 2, the patterns of some sorbents which had reacted
with SO,, shows that the reaction product is CaSO3-0.5H,0
and that the peaks of Ca(OH), and hydration products
become weaker as compared with those for the unreacted
samples (Figure 1).

SEM Observation. The particles of the raw BFS are
irregular in shape and have sharp edges and smooth surfaces,
as shown in Figure 3a. As BFS alone was slurried and dried,
the particles are covered with foil-like substances and fine
particles, as seen from Figure 3b, indicating that BFS itself
can react with water to form appreciable amounts of
hydration products.

Figure 3c shows the typical BFS/HL sorbent particles. The
particles compose of foil-like substances and have a highly
porous structure. As shown in Figure 3d, the particles of
sulfated samples appear almost the same as the unreacted
particles (Figure 3c), but the foil-like substances seem to be
thicker.

Particle Size, Specific Surface Area, and Pore Volume
Measurements. The volume mean particle diameters (dp),
specific surface areas (Sg), and specific pore volumes (Vi
and V;) of sorbents are summarized in Table 2.

The mean particle diameters of HBFS/HL sorbents, 7—21
um, are slightly smaller than those of GBFS/HL sorbents at
each BFS/HL ratio for ratios = 10/90. The mean particle
diameter increases with increasing BFS/HL ratio, being the
largest at a ratio of 100/0. The mean particle diameter of the
slurried Ca(OH); is slightly smaller than that of the raw Ca-
(OH),, indicating that finer crystals were formed when Ca-
(OH); recrystallized from the solution. The sorbents with
ratios >10/90 have mean particle diameters larger than that
of the raw BFS or Ca(OH),; this result reveals that the
hydration products had caused the coherence of sorbent
particles. The effects of slurrying temperature and time on
the mean particle diameter of sorbent are negligible.

As seen in Tables 1 and 2, the specific surface areas of the
raw Ca(OH),, HBFS, and GBFS are 10.0, 1.5, and 1.4 m?/g,
respectively, and they are much smaller than those of the
BFS/HL sorbents. This comparison indicates the formation
of substances of large surface area in the BFS/HL sorbents.
The specific surface area of sorbent varies with the BFS/HL
ratio and reaches a maximum at the ratio of 50/50; the
maximum surface areas are 32.6 and 32.8 m2/g for HBFS/HL
and GBFS/HL sorbents, respectively. In addition, the specific
surface area increases with increasing slurrying temperature
and slurrying time; however, the effects of these two variables
are not pronounced when the temperature was higher than
45 °C and the time longer than 0.42 h. Brodnax and Rochelle
(32) reported similar effects of BFS/HL ratio and slurrying
time on the specific surface area of sorbent, but the surface
areas of their sorbents were larger, about 25—54 m?/g for
sorbents prepared with different BFS/HL ratios and 20 h
slurrying time. This difference may be resulted from that the
surface areas of their raw Ca(OH), (21.6 m?/g) and slag (3.6
m?/g) were larger than those of ours and that their slurrying
temperature (92 °C) was higher than those used in this study.

The nitrogen adsorption and desorption isotherms for
the BFS/HL sorbents and the starting BFS and Ca(OH),
indicated that they were materials with porosity in the
mesopore range and had slit-shaped pores or the space
between platelike particles, according to the classification of
IUPAC (34).

The specific volumes of mesopores (2 nm < pore diameter
=< 50 nm) (Vi) and total pores smaller than 300 nm (V;) of
a sorbent are listed in Table 2; the total pore volume is only
slightly larger than the mesopore volume. The pore volume
of the raw BFS is very small since it is a fused material, but
the treated HBFS and GBFS have appreciable pore volumes.
The BFS/HL (10/90—90/10) sorbents also have much larger
pore volumes than Ca(OH); alone has. These results indicate
that the new substances formed in the hydration process
had created a highly porous sorbent structure. Among the
sorbents, the HBFS/HL sorbent with a ratio of 50/50 has the
largest mesopore and total pore volumes. On the whole, the
BFS/HL ratio, slurrying temperature, and slurrying time
affected the specific pore volume of sorbent in a manner
similar to that they did on the specific surface area. In general,
the specific pore volume increased as the specific surface
area increased.

Reactivities of Sorbents. The sorbents were reacted with
SO, at 60 °C, 70% RH, and 1000 ppm SO, for 1 h. The reaction
time was long enough for a sorbent to reach the ultimate
extent of reaction. The results expressed in terms of the
utilization of Ca, X, and the SO, capture, SC, are summarized
in Table 2. At least two repeated measurements were made
for each kind of sorbent. The experimental error of Ca
utilization was about +0.02, and that of SO, capture was
about +0.02 g SO,/g sorbent.

Effects of BFS/HL Weight Ratio and Slag Particle Size.
Figure 4 presents the utilization of Ca and the SO, capture
of sorbent versus the BFS weight fraction in the starting solid
mixture for the HBFS/HL and GBFS/HL sorbents prepared
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(b)

(d)

FIGURE 3. SEM micrographs of (a) raw HBFS; (b) treated HBFS; (c) HBFS/HL (30/70 wt ratio) sorbent; (d) HBFS/HL (30/70 wt ratio) sorbent
reacted at 60 °C, 70% RH, and 1000 ppm SO, for 1 h. Slurrying conditions of samples of (b), (c), and (d): 65 °C, L/S = 10/1, and 16 h.

with different BFS/HL ratios. At each ratio, the HBFS/HL
sorbent is more reactive than the GBFS/HL sorbent. The
utilization of Ca and the SO, capture of sorbent vary
significantly with the BFS/HL ratio, and both reach the
maximum values when the ratio is 30/70. The maximum
utilizations of Ca are 0.70 and 0.61 and the maximum SO,
captures are 0.46 and 0.40 g SO,/g sorbent for HBFS/HL and
GBFS/HL sorbents, respectively. The best BFS/HL ratio was
further determined experimentally to be in the range from
30/70 to 35/65.

4454 m ENVIRONMENTAL SCIENCE & TECHNOLOGY / VOL. 38, NO. 16, 2004

As estimated from Figure 4, the utilization of Ca of sorbent
would be higher than that of Ca(OH), alone (0.24) if the ratio
was smaller than 96/4 for the HBFS/HL sorbent or 94/6 for
the GBFS/HL sorbent. Also, the SO, capture of sorbent would
be higher than that of Ca(OH), alone (0.20 g SO./g sorbent)
if the weight ratio was smaller than 89/11 for the HBFS/HL
sorbent or 72/28 for the GBFS/HL sorbent.

The raw HBFS and GBFS are nearly unreactive; their
utilizations of Ca were only 0.03 and 0.02, respectively. But
the treated ones (100/0) had utilizations of Ca of 0.11 and
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FIGURE 4. Effects of weight fraction and particle size of iron blast
furnace slag on the utilization of Ca and the SO, capture for BFS/HL
sorbents; slurrying conditions: 65 °C, L/S = 10/1, and 16 h; reaction
conditions: 60 °C, 70% RH, and 1000 ppm SO, for 1 h.

0.08, respectively. This indicates that the hydration products
of the slag are reactive toward SO,.

From the results of sulfation tests and XRD analyses, one
can conclude that the HL and hydration products in a BFS/
HL sorbent are responsible for the sorbent reactivity. The
sorbent reactivity is not only affected by their reactivities
toward SO, but also by their particle characteristics. The
formation of foil-like hydration products resulted in sorbents
with much larger reactive surface areas and more porous
structures than those of the raw Ca(OH), and slag. Also, the
HL particlesin a BFS/HL sorbent were finer than the particles
of the raw Ca(OH), due to the dissolution and recrystallization
processes. These facts may be the reason for the high
reactivities of the BFS/HL sorbents.

However, the Ca contained in the sorbents was not fully
utilized to capture SO; the highest utilization of Ca among
the sorbents tested was 0.72, for which the sorbent was
prepared with a HBFS/HL ratio of 30/70 and 32 h slurrying
time. That Ca(OH), and other reactive materials in the
sorbents were not completely converted was also indicated
by the XRD analyses of the reacted samples (Figure 2). The
incomplete utilization of Ca of a sorbent is thought to result
from the fact that the Ca contained in slag particles was not
totally converted to reactive materials during the hydration
process and that the sulfation product CaSO3+0.5H,0 covered
the surfaces of the HL and other reactive materials and
stopped the reaction (3).

According to Lin et al. (22), under the same sorbent
preparation and sulfation conditions as those of Figure 4,
sorbents prepared from fly ash and hydrated lime also showed
a maximum SO, capture at a ratio of 30/70. The SO, capture
and the utilization of Ca for that sorbent were 0.38 g SO,/g
sorbentand 0.62, respectively. These values are smaller than
the maximum values for the HBFS/HL sorbents but are close
to those for the GBFS/HL sorbents. This comparison indicates
that BFS can be better than fly ash for preparing reactive SO,
sorbents.

Effects of Slurrying Conditions. As seen from Table 2,
the utilization of Ca and the SO, capture for an HBFS/HL
(30/70) sorbent increase in general with increasing slurrying
time. However, the utilization of Ca has already reached 0.60
foraslurrying time of 0.42 h, and the increment is not marked
thereafter, only 0.05 in the period of 8—32 h. This result is
due to that in the beginning of hydration, the compounds
in the surface layers of slag particles started to ionize, and
the silicate and aluminate ions then combined with the Ca
ions, originating from the slag or the Ca(OH). solution, to
form products of low solubility which precipitated on or

TABLE 3. Effect of Drying Conditions on the Reactivities of
HBFS/HL Sorbent?

drying conditions sc

temp press time (g SO,
(°C) (atm) (h) X /g sorbent)

35 0 24 0.66 0.43
105 0 2 0.65 0.43
105 1 8 0.68 0.44
105 1 16 0.67 0.44
105 1 168 0.70 0.45

2 Slurrying conditions: 65 °C, 30/70 wt ratio, L/S = 10/1, and 16 h;
sulfation conditions: 60 °C, 70% RH, 1000 ppm SO,, and 1 h.

around the surfaces of slag particles; thus the hydration rate
of slag was slowed by the formation of product layer on the
particle surface, and accordingly the amounts of hydration
products increased only slowly afterward. This explanation
is in agreement with the results of sorbent characterization.

From Table 2, one can see that both the utilization of Ca
and the SO, capture foran HBFS/HL (30/70) sorbent increase
markedly with increasing slurrying temperature until 65 °C
and level off thereafter. The utilization of Ca rises from 0.39
(25 °C) to 0.70 (65 °C). The effect of slurrying temperature
may indicate that at low temperatures the hydration rate of
slag was controlled by surface reaction and at high tem-
peratures by product layer diffusion.

As shown in Table 2, the utilizations of Ca and the SO,
captures for HBFS/HL (30/70) sorbents prepared with L/S
ratios of 10/1 to 20/1 are almost the same and are higher
than those for the one prepared with 5/1 ratio; however, the
differences are not large, about 0.10 in the utilization of Ca.
As discussed above, the content of reactive hydration
products in a sorbent was controlled by the hydration rate
of slag. At the slurrying conditions of these HBFS/HL (30/70)
sorbents, the hydration rate of slag might depend only on
the total slag surface area in the early stage of slurrying and
on the pore structure of the product layer in the latter stage,
thus the effect of L/S ratio would be absent. However, if the
L/S ratio was too small, the hydration products formed would
have a greater tendency to cover the slag particles, thus the
hydration rate would slow earlier and the amounts of reactive
materials formed would be less than those formed at high
L/S ratios after the same slurrying time.

Effect of Drying Conditions. The reactivities of sorbents
which were prepared under the same slurrying conditions
but dried under different drying conditions are compared in
Table 3. The reactivities of samples obtained by vacuum-
drying at 35 °C for 24 h and 105 °C for 2 h are the same. The
reactivities of the samples obtained by drying at ambient
pressure and 105 °C for 8—168 h are also about the same.
The maximum difference between the data in Table 3 is
comparable to the range of experimental error (£0.02 in Ca
utilization). These results indicate that the pressure, tem-
perature, and time used to dry the slurry to the dry solid state
had no significant effect on the reactivity of the sorbent
obtained.

Effects of Structural Properties. From Table 2, one can
see that the utilization of Ca or the SO, capture of sorbent
increases with increasing Sy for sorbents prepared with a
BFS/HL ratio of 30/70. But for sorbents prepared with various
BFS/HL ratios, although the utilization of Ca or the SO,
capture increases in general with increasing Sy, the scattering
of the data is large, indicating that Sy is not the only factor
affecting the sorbent reactivity. After an extensive search, it
was found that the utilization of Ca was best correlated with
Sg/M. As shown in Figure 5, when the utilization of Ca is
plotted against Se/M, the data are less scattered and are
almost linearly correlated. By least-squares fitting to the data
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FIGURE 5. Relationship between the utilization of Ca and Sg/M for
BFS/HL sorbents. Sorbent preparation and sulfation conditions are
listed in Table 2. Labels indicate the major preparation condition
of the sorbent.

in Figure 5, the correlation obtained is

X = —0.16 + 2.65,/M )

for which the correlation coefficient is 0.95 and the standard
deviation of X is 0.06. Since M~ is the molar content of Ca
inan unreacted sorbent, itis proportional to the initial weight
fraction of Ca in that sorbent. Thus, eq 2 indicates that the
ultimate utilization of Ca of a sorbent is proportional to its
Sqo as well as its initial Ca weight fraction. This implies that
the reaction took place at the surface where Caatoms locate.
Fromegs 1 and 2, one can get the correlation among the SO,
capture, Sy, and M:

SC = —9.9/M + 170S /M’ 3)

Furthermore, as discussed before, the specific mesopore
volume increases in general with increasing Sy, thus, the
utilization of Ca also increases in general with increasing
Vm/M; however, it was found that the correlation with V./M
is not as good as that with Sg/M.

Nomenclature

BFS iron blast furnace slag

dp volume mean particle diameter, um

FGD flue gas desulfurization

GBFS general fineness iron blast furnace slag

HBFS high fineness iron blast furnace slag

HL hydrated lime

L/S water/solid weight ratio

M initial sorbent weight per mole of Ca, g sorbent/
mol Ca

Mso, molecular weight of SO,, g/mol

RH relative humidity, %

SC SO, capture, kg SO,/kg sorbent

Sqo initial specific surface area, m?/g

Vi initial specific mesopore volume, cm?3/g

Vi initial specific total pore volume, cm3/g

X the utilization of Ca, -
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