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LEGAL NOTICE

THIS REPORT WAS PREPARED BY AMAX RESEARCH &
DEVELOPMENT CENTER, AS AN ACCOUNT OF WORK SPONSORED
BY MORGANTOWN ENERGY TECHNOLOGY CENTER. NEITHER AMAX
RESEARCH & DEVELOPMENT CENTER NOR ANY PERSON ACTING
ON ITS BEHALF:

(A) MAKES ANY WARRANTY, EXPRESSED OR IMPLIED, WITH
RESPECT TO THE USE OF ANY INFORMATION,
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PRIVATELY OWNED RIGHTS; OR

(B) ASSUMES ANY LIABILITIES WITH RESPECT TO THE USE
OF, OR FOR THE DAMAGES RESULTING FROM THE USE
OF, ANY INFORMATION, APPARATUS, METHOD, OR
PROCESS DISCLOSED IN THIS REPORT.
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INTRODUCTION

The Morgantown Energy Technology Center (METC) of the
U. S. Department of Energy (DOE) is interested in the potential
of using a two-step process for regenerating the zinc ferrite
desulfurization sorbent. 1In the first regeneration step, a gas
mixture con51st1ng of 12 percent S0,, 2 percent O, and 86
percent N, is used to convert zinc and iron sulfides to their
sulfate forms using a sorbent bed inlet temperature of about
850°F (454°C). For the second step, the temperature is raised
to about 1, 400°F (760°C), and the sulfates are decomposed to
oxides with the concurrent release of sulfur dioxide. The same
gas composition used for the first step is also used for the
second step. The proposed technique would require no steam and
also has the advantage of producing a regeneration gas rich in
sulfur dioxide. In a commercial operation, recirculating
regeneration gas would be supplemented with air as required to
supply the necessary oxygen. A bleed stream from regeneration
(concentrated S0, gas 1n nitrogen) would constitute feed to
sulfur recovery.

Tests were performed at the AMAX R&D bench-scale sorbent
test facility using the UCI T-2465 sorbent. Fresh sorbent was
sulfided to saturation prior to each of the regeneration test
series. Gas compositions, temperature profiles, pressure
drops, and solids properties were characterized during each
sulfidation and regeneration test.

The test results demonstrated the technical feasibility of
the proposed technique. Sorbents were successfully regenerated
to the zinc ferrite form during the two-step process.
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OBJECTIVES

The objectives of the study were to establish the
feasibility of the two-step regeneration technique and to
characterize the gas compositions and solids products when
using superficial gas velocities of 2 and 3 feet per second in
the AMAX bench-scale fixed-bed desulfurization test unit.



SUMMARY AND CONCLUSTIONS

The UCI T-2465 zinc ferrite sorbent was successfully
regenerated using a simulated, recirculating regeneration gas
composition. The tests verified that sulfate formation took
place under the conditions of the first regeneration step. The
tests also showed that the sulfates could be decomposed to
oxides at higher temperatures with the concurrent release of
sulfur dioxide gas. Although the individual sorbent particles
became softer while in the sulfate phase, physical integrity of
the sorbent was maintained throughout the regeneration
procedure.

The regenerated sorbent from the test which was conducted
at a superficial gas velocity of 2 feet per second exhibited
virtually no residual sulfate. The regenerated sorbent from
the test conducted at a velocity of 3 feet per second did
contain about 1.1 to 2.3 percent sulfur, mostly as sulfate, in
the lower and upper portions of the fixed bed, respectively.
While the results appear to favor the selection of the 2 feet
per second gas velocity over the 3 feet per second flow on the
basis of residual sulfate content, a somewhat longer allowance
for the second-stage regeneration reaction time using the 3
feet per second velocity would probably result in lower
residual sulfate content based on the profile of residual
sulfur content which shows increasing residual sulfur as a
function of distance from the inlet gas. In addition, as
discussed in the report, there may have been some discrepancy
in the oxygen analysis and oxygen concentrations during the
regeneration of sorbent using the 2 feet per second gas
velocity which might have favored more complete regeneration to
oxide forms.
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EXPERIMENTAL PROCEDURES

Two sets of tests were performed. Superficial gas
velocities of 2 and 3 feet per second during sulfidation and
each regeneration step (calculated at the temperature of
operation) were utilized. Figure 1 shows the experimental
apparatus used for the sulfidation and regeneration tests. Gas
flow was upward through a 12-inch tall fixed bed for each
process step. The test at 3 feet per second was run first.
Some minor procedure changes (including withdrawal of sample
from the top of the reactor bed following each sulfidation and
regeneration step) were incorporated prior to running the next
test series at 2 feet per second. The procedures used during
each step of the sulfidation and regeneration process are
summarized below.

SULFIDATION

A simulated coal gas containing 1 percent hydrogen sulfide
was used for sulfidation of fresh UCI T-2465 sorbent. The
sulfidation gas composition is shown in Table 1. Sulfidation
was carried out to saturation (until the H,S concentration in
the exit gas reached 1 percent). The superficial gas flow
rates were 2 and 3 feet per second based on a 1,100°F (593°C)
inlet temperature. Following sulfidation to saturation, a
nitrogen purge of the reactor system was conducted at a
temperature of about 1,000°F (538°C). A sample was taken from
the top of the reactor bed following sulfidation to saturation
when using the 2 feet per second test velocity. This sample
was analyzed for chemical content and mineralogical
characteristics.

Table 1. Sulfidation Gas Composition

Concentration,
Gas Volume %
N2 42.3
Hp 10.6
co 16.3
co, 4.5
HyS 1.0
H,0 25.3

FIRST-STAGE REGENERATION

The gas composition used for both the first and second:
regeneration steps consisted of 12 percent SO,, 2 percent Oy,
and 86 percent N;. The flow rates for 2 and 3 feet per second
gas velocities during the first stage of regeneration were

4
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based on a 1,200°F (649°C) temperature. As specified ir the
test plan, the reactor was operated to maintain the gas inlet
temperature at about 850°F (454°C), with the average of the
reactor top and bottom temperatures not to exceed 1,200°F
(649°C). Reactor temperatures, pressure drop, and gas
compositions were recorded during the regeneration procedure.
A sample was taken from the top of the reactor bed following
the first-~-stage regeneration test at 2 feet per second gas
velocity.

SECOND-STAGE REGENERATION

Second-stage regeneration was carried out at a 1,400°F
(760°C) bed temperature using the same gas composition as was
used for the first stage. Reactor temperatures, pressure drop,
and gas compositions were recorded during the second-stage
regeneration step. The test at 3 feet per second was concluded
following regeneration with the gas mixture. (The reactor was
cooled under a low nitrogen flow and the sorbent was then
discharged.) A sample was taken from the top of the reactor
bed following the test at 2 feet per second. An additional
nitrogen purge at 1,400°F followed the test at 2 feet per
second in order to determine whether any additional sulfate
decomposition would take place. The reactor was then cooled
prior to disassembly and sampling of the sorbent.
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RESULTS AND DISCUSSION

The feasibility of the two~-stage regeneraiion procedure
was demonstrated by the successful regeneration of sulfided
sorbent to zinc ferrite. Physical properties and chemical
analyses of the feed sorbenf. and the regenerated sorbent from
each test are summarized in Table 2. Appendices A and B
summarize the mineralogical characterizations of the sorbent
following regeneration,

Test Results (UCI T~2465 Sorbent)

After 2nd sgage

-Regeneration
Before 3 Feet/ 2 Feet/
Testing Second Second

Physical Properties

Crush Strength, 1b 36.0 18.7 19.4
Bulk Strength, kg/l 1.32 1.38 1.37
Surface Area, m+*/qg 3.55 3.08 3.07
Loss on Attrition, % 11.2 11.6 12.4
% <20 Mesh
After Testing - 0.22 0.44
Zinc, %
Peed 26,3
Bottom 25.1 28.5
Top 25,2 28.0
Top "Red Sorbent® 20.1 -
Iron, %
Feed 44.9
Bottom 42.3 44.0
Top 42.2 44.0
Top "Red Sorbent" 33.2 -
Total Sulfur, %
Feed 0.04
Bottom 1.07 0.093
Top 2.23 0.100
Top "Red Sorbent" 8.92 v
Sulfate Sulfur, %
Feed -
Bottom 1.06 0.017
Top 2.26 0.018
Top "Red Sorbent" 9.11 -

More detailed results of the experimental program and of
the characterization of the sorbent samples are summarized
below for each of the two tests performed.

9
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! SULFIDATION

Figures 2 and 4 summarize the hydrogen sulfide gas content
of the exit gas as a function of time for the tests at 3 and 2
feet per second, respectively. Figures 3 and 5 summarize the
temperature profiles in the reactor for the same tests. The
sulfidation curves are similar to those obtained during
previous cyclic bench-scale sulfidation/regeneration testing
performed at AMAX R&D with the UCI T-2465 sorbent using a
1,0229F (550°C) sulfidation temperature rather than the 1,100°F
(5939C) temperature used in the current work. The temperature
upsets illustrated in Figures 3 and 5 represent the daily
start-up and shutdown +f the reactor system and are not a
reflection of temperature response to the steady-state
sulfidation conditions. The pressure drop through the 12-inch
tall fixed bed averaged about 2.8 and 8.1 inches of water for
the tests at 2 and 3 feet per second, respectively. No clear
trends of increasing or decreasing pressure drop as a function
of time were observed.

X-ray diffraction uanalysis of the sulfided sorbent removed
from the reactor during the 2 feet per second test series
showed that the sorbent contained moderate to major amounts of
sphalerite, troilite + pyrrhotite, and wurtzite, minor amounts
of Zranklinite, and traces of unidentified material. Appendix
B contains the mineralogy report whiclk reviews the sulfided
sorbent analysis from the 2 feet per second test series.

FIRST~STAGE REGENERATION

The first-stage regeneration step apparently produced
sulfates from the sulfided sorbent hased on the oxygen content
of the reactor exit gas (which indicated oxygen take-up by the
sorbent). Some remaining sulfates were also observed in the
top portion of the reactor following the second-stage
regeneration at 3 feet per second gas velocity. As discussed
later, during the test at 2 feet per second, some excess oxygen
may have been present in the reactor which resulted in a first-
stage regeneration product which contained sulfates, sulfides,
and oxides.

Figures 6 and 8 summarize the oxygen and sulfur dioxide
exit gas concentrations for the tests at 3 and 2 feet per
second, respectively. Figures 7 and 9 summarize the
temperature profiles during the first-regeneration step for the
same tests. A rapid temperature rise was noted immediately
following start-up of first-stage regeneration in both cases.
The temperature rise was most pronounced at the bottom of the
reactor where the regeneratiol. nas was introduced into the
fully sulfided sorbent bed. Overall, the temperature profiles
for the two tests followed the same trends. The temperature
control became more steady during the later portions of the
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first-stage regeneration when most of the sorbent had
apparently been converted to sulfate form. Pressure drop
through the bed averaged about 2.3 and 8.6 inches of water for
the tests at 2 and 3 feet per second, respectively.

A gradual increase in oxygen breakthrough was observed
during the test at 3 feet per second following initial
detection after about 100 minutes of operation. The oxygen
concentration gradually increased up to about 2 percent after
about 700 minutes of first-stage regeneration. For the test at
2 feet per second, a rapid oxygen breakthrough occurred at
about 110 minutes. The measured oxygen concentration remained
at about 1 percent and then dropped to about 0.5 percent before
gradually increasing during the remainder of the test.
Subsequent analysis of the test run data indicated that the
calibration of the oxygen analyzer was apparently in error
during the final portion (about 1 hour) of the first
regeneration step and the initial portion (about 4 hours) of
the second regeneration step using the 2 feet per second gas
velocity. As a result, the inlet gas may have contained about
4 to 6 percent oxygen rather than the desired 2 percent
concentration. Exit gas oxygen concentrations are also suspect
over the same time period. The sorbent sample withdrawn from
the reactor after the first stage when using the 2 feet per
second velocity contained moderate quantities of franklinite
and hematite, minor-to-moderate quantities of sphalerite, minor
quantities of troilite + pyrrhotite and zinkosite (zinc
sulfate), and traces of wurtzite and an unidentified phase.

The mineralogy of the first-stage regeneration sorbent for the
2 feet per second test is discussed in Appendix B. Although
the sorbent sample was removed from the reactor while at a
temperature of about 572°F (300°C), it is felt that due to the
rapid temperature decrease, little further reaction of the
sorbent occurred upon exposure to air. The mineralogical
analysis (which shows the presence of oxides) supports the
presence of higher oxygen concentrations during some portion of
the first-stage regeneration at 2 feet per second.

SECOND-STAGE REGENERATICN

Sorbents from the tests at 3 and 2 feet per second were
largely regenerated to the zinc ferrite form during the second
stage. Figures 10 and 12 summarize the oxygen and sulfur
dioxide exit gas concentrations for the tests at 3 and 2 feet
per second, respectively. Figures 11 and 13 summarize the
corresponding temperature profiles for the same tests. As
shown in Figure 10, very high concentrations of sulfur dioxide
were observed during initial portions of the regeneration
procedure at 3 feet per second gas velocity. The early
portions of the test produced SO0, gas concentrations in excess
of the measurement capabilities of the infrared analyzer,
Subsequent analyses were performed using gas chromatography.

13

Lo I L S PR LR TR i LR T L T T R IR TR TRRT TR R AT IR A T



Tant A=2=l )X

B

8

18

18

14

12

10 -

Gas Cocncentraticn, #

Htmpete tuptadto doudrclfots P forfe

+ +¢.¢-4—~H~

<o

0.000

Figure 10.

1 1

0.200

1

0.400

T
Q.500

1 i
0.800

1.400

(Thousands)
Elcpsed Time, mnutes

g 502 + 02

sulfur dioxide and oxygen gas concentrations during

second~stage regeneration (3 feet per second gas
ve.ocity).

Test Aw2~L-0X

Jemperature,

510

Figure 11.

1 1 1 ) 1 1 1 1 1 1 1 1 v

0,600 0.800 1.000 1.200

(Thousands)

Elopaed Time, rminuten
+ Middie

1.400

-} Top

Temperature profiles during second-stage
regeneration (3 feet per second gas velocity).

14




2 RN AR ..

Tost 3—2-L-0X (2 ft/mac)

20 -

18 -

16 —

14 —

Gea Concantration, X

Figure 12.

T T 1 L /A IR R RN NRARS | TV LIS S N M S|
0200 0.400 0600 0800 1.000 1.200 1.400 1.600 1.800 2.000

sulfur dioxide and oxygen gas concentrations during
second-stage regeneration (2 feet per second gas
velocity) .

Test B-2~L—0X (2 ft/wec)

a0n

780
770
760
750

Temperature, C
d
Q

0.000

Figure 13.

1 1 1T 1 ¥ t 1 1 1 1 L] 1 1 1 | ) 1 1
0200 0400 O6O0 0800 1,000 1.200 1.400 1.600 1,800 2.000
Elcpesd Time, rminutas
3  Sottom +  Midde o Tap

Temperature profiles during second-stage
regeneration (2 feet per second gas velocity) .

15

win TR [CAEITRIIEY

o



e e e e e

S NP

Note in Figure 12 that during the tests at 2 feet per
second, the exit gas 8503 concentrations were generally lower
than the inlet gas S0O; Concentrations. At some points, the
measured SO, concentration was as low as about 3 percent. Due
to discrepancies in the oxygen analyses of the feed and exit
gases, the actual oxygen content of the inlet gas may have been
different than the desired 2 percent. During this test,
significant deposits of high-sulfur material were observed in
the gas sampling lines. These deposits prevented the
determination of the overall sulfur balance in the system.

The presence of SO0j, which would not be detected using the gas
analysis system utilized for the study, could also occur under
some circumstances, as discussed in the "Thermodynamics"
section.

During the test at 2 feet per second superficial velocity,
some additional gas samples were obtained from the reactor
while operating with a nitrogen flow only. These samples were
taken under conditions of very low nitrogen purge flows during
the course of the second stage of regeneration as the reactor
reached operating temperature just prior to valving in the
process gases for the daily test run. Additional samples were
also taken following the completion of second-stage
regeneration using a 3 feet per second nitrogen flow. The
analyses revealed that SO; was released from the reactor bed
during the low-flow nitrogen purging. Although the amount was
not quantified, it is expected that only a small amount of
sulfur dioxide was released based on the low ritrogen flows
used and the relatively short time that the sorbent was exposed
to the operating temperature without the SOZ/OZ/NZ gas mix. No
sulfur dioxide was observed following the completion of the
second-stage regeneration step while operating at 760°C with a
3 feet per second N, flow.

Pressure drop through the sorbent bed averaged 2.1 and 7.2
inches of water for the tests at 2 and 3 feet per second,
respectively. No major trends of increasing or decreasing

pressure drop were observed during the course of the second
stage of regeneration.

As shown in Table 2, the sulfur content in the bottom
portion of the sorbent bed was 0.09 and 1.07 percent for the
tests at 2 and 3 feet per second, respectively. As discussed
above, a part of the test at 2 feet per second apparently took
place using a higher oxygen content than desired. For the test
at 3 feet per second, the sulfur concentration profile in the
sorbent bed from bottom to top showed a trend of increasing
concentration. This probably indicates that lower total sulfur
content in the bed would result from longer reaction times.
Note that virtually all of the residual sulfur in the sorbent
samples following the 3 feet per second test was in sulfate
form based on the chemical analyses shown in Table 2. Only
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about 20 percent of the total residual sulfur following the
regeneration test at 2 feet per second occurred as sulfate
sulfur. Complete mineralogical analyses of the sorbents are
summarized in Appendices A and B.

SORBENT CHARACTERIZATION

Physical properties of the fresh and regenerated sorbents
are summarized in Table 2. The average crush strength of the
UCI T~2465 sorbent particles decreased from 36 pounds to about
19 pounds following each of the two regeneration tests. Some
sorbent particles which were later identified as containing
significant sulfated material ("red sorbent" in Table 2) were
soft compared to the fully regenerated sorbent. Average
attrition resistance remained about the same as that for fresh
sorbent. Attrition loss was about 12 percent following
regeneration versus about 11 percent exhibited by the fresh
sorbent. The sorbent bulk density increased slightly from
about 1.32 kg/l for fresh sorbent to about 1.38 in the
regenerated sorbents. Surface area decreased from 3.55 m2/g in
fresh sorbent to about 3.08 m2/g in the regenerated sorbents.
The amount of minus 20 mesh fines produced in the sorbent bed
was 0.22 percent for the 3 feet per second test and 0.44
percent for the 2 feet per second test. These values compare
to a value of 0.61 percent minus 20 mesh fines generated after
10 cycles of conventional testing using the same UCI sorbent.
(The amount of fines measured after conventional testing is
determined when the sorbent is in the sulfide form.)

As shown in Table 2 and discussed in Appendix A, some of
the sorbent particles remained (at least in part) in the
sulfate form following the second stage of regeneration during
the test at 3 feet per second. As the chemical analysis for
the sulfate sulfur content shows, the concentration of sulfate
sulfur in the top portion of the reactor bed was about twice
that found in the lower portion of the bed. Some sorbent
particles were noticeably different in cclor and were sampled
separately for analysis. These are identified as "red sorbent"
in Table 2. The analysis by X-ray diffraction and chemical
analysis indicated that these particular particles consisted in
large part of sulfated sorbent.

The secondary electron images and corresponding electron
microprobe images for iron, zinc, and sulfur are presented in
Appendix A for sorbents sampled from the top and bottom
portions of the reactor bed after completion of the 3 feet per
second regeneration test. The images were taken at the center
portion of sorbent particles prepared in cross section. The
sample from the bottom of the reactor bed was more typical of a
regenerated zinc ferrite sorbent, while the sample from the top
of the bed contained sulfated sorbent. Virtually no residual
sulfur was observed in the sample from the bottom of the bed

17



(Figure 1 in Appendix A). However, in the sample taken from
the top of the bed (Figure 2 in Appendix A), a different
texture is noted in the secondary electron image. In addition,
residual sulfur is observed, primarily in association with
zinc. Note that regions high in iron content are low in sulfur
content.

Additional samples were taken from the top of the reactor
bed during the 2 feet per second test series. By reducing the
reactor temperature under a low nitrogen flow, small samples of
sulfided product, first-s*age regeneration product, and second-
stage regeneration product were cbtained. As discussed in
Appendix B, the sorbent following the first regeneration step
contained minor amounts (3 to 10 percent) of zinkosite (ZnSOy4).
Other phases present were identified as franklinite, hematite,
sphalerite, wurtzite, and troilite + pyrrhotite.

The secondary electron images and corresponding electron
microprobe images for iron, zinc, and sulfur are shown in
Appendix B for sorbents sampled from the top and bottom
portions of the reactor bed after completion of the 2 feet per
second regeneration test. The images shown were taken near the
center of individual sorbent particles which had been prepared
in cross section. The appearance of the sorbent in the
secondary electron image was similar for the samples taken from
the top and bottom of the reactor bed. (Note-that the
microprobe images were taken at 1,000X magnification versus the
400X used for the previous test at 3 feet per second
superficial gas velocity.) The X-ray maps for iron, zinc, and
sulfur from both the top and bottom portions of the reactor bed
showed the same result. Iron and zinc were evenly distributed,
and only background noise was observed in the sulfur image
(indicating no detectable sulfur phases).

THERMODYNAMICS

The equilibrium thermodynamics for the Zn-S-0 system ware
calculated under the sorbent regeneration conditions of
interest. The following chemical reactions were considered for
the simplified system (which did not include the iron
component) .

3 2nSO4 = Zn0-22ZnSO, + SOj (1)
1/2 Zn0*22ZnSO4 = 3/2 ZnO + SO3 (2)
SOy + 1/2 0y = SO3 (3)

Based on data from Ingraham and Kellogg,l the equilibrium
constants as a function of temperature for the above reactions
were calculated and are shown in Figure 14. Note that two
phases of ZnSO4 can exist. The a form is stable below 734°cC,
while the 8 form is stable above a temperature of 734°C.
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Figure 14. Equilibrium constant, Kp, as a function of
temperature.

At the nominal second-stage regeneration temperature of
760°C, a significant presence of SO is not indicated based on
formation from the SO, and 05 constituents in the inlet gas.
However, SO3 formation would be favored by lower temperatures
and higher pressures. The formation of SO; at the first-stage
regeneration temperature of 454°C would be inhibited by the
lack of available oxygen which would result frecm sulfation of
the sulfided sorbent. Furthermoreé Fe;03 is reported to
catalyze the decomposition of S0j3. .

In a static system in which zinc sulfate is decomposed at
760°C, an equilibrium gas composition of 56.2 percent S0;,
15.7 percent S03, and 28.1 percent Oy would exist. Virtually
no sulfate decomposition would take place at the first-stage
regeneration temperature of 454°cC,

19



b
- %

. Decomposition of ZnSO4 under flowing nitrogen based on a 2
feet. per second superficial gas velocity would result in the
following calculated equilibrium gas composition.

N, 82.6
S04 2.7
S0y 9.8
0y 4.9

Decomposition of ZnSO4 under flowing SO5, O3, and Ny of
the composition used for the bench-scale tests at a 2 feet per
second gas velocity would result in the following calculated
equilibrium gas composition.

N, 79.6
S03 2.7
50, 15.9 ’
0, 1.8

Any SO3 formed during the regeneration tests would not be
detected by the gas chromatograph techniques utilized during
this program.

Detailed thermcdynamic studies of the Fe-Zn-0-S system
have been performed by SRI International.? Stability diagrams
for the zinc ferrite system were prepared by SRI for
temperatures between 500 and 900°C. ZnSO4 and Fej(S04)3 are
the stable phases indicated at a 500°C temperature for a 12
percent SO5/2 percent 0, gas composition. 2inc and iron oxides
would be expected to form at the higher 760°C second-stage
regeneration test temperature.
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MINERALOGICAL ANALYSIS OF ZINC
FERRITE SORBENT A-2-1-0X

22

i L L O TN T L T E I I TR LV AT

O ATE R

R R TT  AL Rl 2



e e b e

AMAX RESEARCH & DEVELOPMENT CENTER
INTEROFFICE MEMORANDUM

Subject: Mineralogical Analysis of Zinc Ferrite - September 24, 1987
Sorbent A-2-L-OX (80270)

To: M. Jha

From: J.R. Odekirk

Introduction

A set of zinc ferrite extruded sorbent (UCI T-2465, eylindrical extrude) was
investigated to determine the phases present and the distribution of iron, zine and
sulfur. The samples represent extrudes from the top and bottom portions of an
oxidation-reduction reaction column where loading is accomplished from bottom to
top. A specific sample of red colored extrudes from the top portion was analyzed in
addition to the general top and bottom samples.

Results

X-ray diffraction analysis was used to identify the various phase
constituents. The phases detected are as follows:

Sample Phases
ZnF‘eZOA_ Feq04q ZnSOg
A-2-L-0X Bottom Major - -
A-2-1-0X Top Major Minor Minor
A~2-L-0OX Top (red) Moderate Moderate Moderate

The variation in the amount of phases present suggests that the top portion of
the column still contains extrudes which were only partially oxidize during
regeneration.

Microscopic and electron microprobe analyses of the extrudes showed that
both the top and bottom samples had a layered structure. The layering consisted of a
fine—grained, competent rim and a much softer, less competent core. Generally the
rim is about one-fourth of the radius of the extrude. In the bottom sample, the rim
and core consisted of ZnFeq0y, whereas, in the top sample only the rim consisted of
ZnFegOas Figure 1. The core of the top sample contains what appears to be the

7nS0, phase, Figure 2.
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X-ray mapping by electron microprobe shows that the granular texture of
ZnFeq0y (franklinite) that formed in the core of the bottom extrudes, Figure 1, has
not developed in the core of the top extrudes, Figure 2. Comparison of the texture
and the distribution of Zn, Fe and S in the core of the top and bottom samples suggests
that the zinc sulfate phase (zinkosite) could be somewhat fluid and as sulfur is "
expelled the fine-grain texture of franklinite is formed. Also, during the oxidation
stage zine tends to be mobil and forms a more homogeneous zine and iron
distribution. Mobilization of zinc after repeated sulfidation could result in its

migration to the sorbent surface.

J.R. Odekirk

/le
copy to: M. Berggren
T.B. Cox

Min No.: 87-10 and 87-22
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Figure 1. A-2-L-OX, Bottom-center.

A. Secondary electron image showing the fine-grained tecture of
ZnFeqO (franklinite). 400X

B. X-ray map showing iron distribution.

(.  X-ray map showing zinc distribution.

N. X-ray map showing sulfur distribution. Spot densite is largely
attributed to background rather than sulfur.
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Figure 2. A-2-L-O¥X, Top-center,

A. Secondary electron image shewing the texture of secondary
zine sulfate (zinkosite). 400X

B. X-ray map showing iron distribution.

C. X-ray map showing zinc distribution.

D. X-ray map showing sulfur distribution. Sulfur is closely
associated with zinc.
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APPENDIX B

MINERALOGICAL ANALYSIS OF ZINC FERRITE SORBENTS
B~1-L~RD, B-1-L-0X, AND B-3-L-0X, TOP AND BOTTOM
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| I SRS MO R R RPN

BN A DI Research & Development Center

5950 Mclintyre Street « Golden, Colorado 80403-7499
(303) 279-7636

Subject: Mineralogical Analysis of Zinc April 15, 1988
Ferrite Sorbents B-1-L-RD,
B-1-L~0X, and B-3-L-0X, TOP
& BOTTOM (80270)

To: Mark Berggren

From: Ron Corbett

INTRODUCTION

A set of four extruded cylindrical zinc ferrite sorbents
was submitted for mineralogical examination. Sample
designations are as follows:

Number Description
B~1-L~RD 1st top sample, 11/24/87
B-1-L-0X top sample, 2/3/88
B~-3-L~-0X TOP regenerated sorbent
B-3-L~-0X BOTTOM regenerated sorbent

All four samples were to be scanned on the x-ray
diffractometer for phase identification. In addition, the last
two samples above were to be examined by SEM to determine the
distribution of iron, zinc, and sulfur at the center of a
typical extrude.

As listed above, the samples are black, dark brown to
black, light brown, and brown, respectively.

RESULTS

Representative pellets from each sample were ground to a
fine (~-200 mesh) powder and scanned over the range 26 = 3-64°
for phase identification on the x-ray diffractometer. Semi-
quantitative estimates, based on peak intensities, were made
for the abundance of the phases detected. These results are
presented in tabular form as follows:

@ AMAX

MINERALS + ENERGY
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PHASE & EST. AMOUNT"

Franklinite|Hematite|Sphalerite|Wurtzite| Troilite(FeS) Zinkosite Total
N ‘

Sample (ZnFey0,) [(Fey0z) (B-ZnS) |(a-ZnS) Pyrrhotite(Fe,_ ,S)| (ZnSO,) Unidentified
B-1-L-RD m -- MM m-M M -- tr
B-1-L-0X M M m-M tr m m m-tr
B-3-L-0X

T0P MM .- -- -- - -- tr
B-3-L-0X

BOTTOM MM - -- - -- -- tr
*MAJOR = MM (>30%)

MODERATE = M (10-30%)

MINOR =m (3-10%)

TRACE = tr (<3%)

The SEM was used to produce secondary electron images and
x-ray "dot maps" for iron, zinc , and sulfur in the centers of
polished cross-sections of typical extrudes for the top and
bottom B-3~L-OX samples. Those images are attached to this
memo as Figures 1 and 2. They are all at 1000X, which seemed
to show the fine—-grained texture of these extrudes better than
the previous 400X.

The two samples imaged on the SEM are regenerated
material, which is virtually all franklinite (2ZnFej04), as
indicated by XRD. The SEM images for iron and zinc tend to
support this interpretation. They show that the distribution
of these elements is pretty uniform. The sulfur images just
indicate background, as there are no detectable sulfur phases
in the XRD for these two samples.

7
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Corbett

&

R.

/1lc
cec: T. B. Cox
M. C. Jha

MET. NO. 262
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Sample B-3-L-0X (TOP), center, 1000X
a. Secondary electron image c. Zinc(Zn
b. Iron(Fe) x-ray map d. Sulfur(

ol il

) xX=ray map
S) x-ray map
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Figure 2. Sample B-3-L-0X(BOTTOM), center, 1000X
a. Secondary electron image c¢. Zinc(Zn) x-ray map
b. Iron(Fe) x-ray map d. Sulfur(S) x-ray map
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