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g ENGINEERING EXPERINVIENT STATION

GEORGIA INSTITUTE OF TECHNOLOGY e ATLANTA, GEORGIA 30332

October 2, 1980 o
’ / /
{ Yef: A 2467
Dr. F. K. McGinnis, RN y
Executive Vice President S S
Shirco, Inc,. S

2451 Stemmons Freeway
Dallas, Texas 15207

Dear Mac:

The attached data should adequately cover the evaluation of the
third cycle regeneration. I think you will be pleased with-our findings
in that there appears to have been very little change in the carbon over
this third period of exposure and thermal regeneration.

As in the case of the second regeneration, we calcined the spent
sample so as to remove volatile matter before attempting to do the
pore-size distribution curve by nitrogen adsorption. Since it appeared
that the calcining method used in the previous set of samples was too long
resulting in some shrinkage, I used a somewhat different procedure. A
fifty gram portion of the granular carbon was quickly poured into the
inclined rotary furnace already set at 1500°F (81600). Heating was con-
tinued while the furnace was rotated and a stream of nitrogen run over
the sample for thirty minutes. The calcined material was then quickly
dropped into the cooling tube without exposure to external air and rapidly
cooled. The density of the recovered calcined material 1is given in the
tabular data. (This density was determined on a somewhat smaller amount
of material than the specified 100 ml sample.) I think this procedure
was somewhat better than the previous as there was a slight decrease in
density upon calcination rather than an increase as in the previous cycle,

There is one change which may be significant and that is the greater
reduction in mean particle diameter. In the second cycle, a reduction
of 5% took place, but in the third cycle there appears to be about a 16%
reduction. Since the carbon appeared to have the same abrasion resistance
as in the previous cycles, possibly there has been greater stress applied
in the handling of the spent or recycled carbon. It might be well to
investigate the condition of the transfer system.

I believe the rest of the report speaks for itself. I regret that
we were not able to get the results back to you within the one-month
target date but vacations which were already scheduled caused some delay
in the processing of the samples.

An Equal Employment/Education Opportunity Institution
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' Proj. No. A-2467
TABLE 1

SHIRCO INC., THIRD CYCLE REGENERATION OF HD 1030 ACTIVATED CARBON

SUMMARY TABLE

REGENERATED SPENT REGENERATED
Sample: 2nd Cycle * 3rd Cycle 3rd Cycle
PROPERTY by weight(by vol.) by weight (by vol.) by weight (by vol.
BET Surface Area m?/g 644 655.6 . 668.0 ,
! w?/ml (260)Calcined (274.0) (293.9)
Sample }
Iodine No. ng/g 596 467 650
~ mg/ml (240) (204) (286)
Modified Phenol
Value PP 28.5 61.8 30.4
(Westvaco Meth.) ml C/100gx* (70.7) : (139.5) (69.1)
(AWWA Calc. Meth)mg/lsol'm 3.25 7.05 3.46
ul C/1lsol'n#*#* (8.06) (15.91) (7.86)
Molasses Decolor- -
izing Index DI Units 14.7 10.4 13.7
DIU/ml (5.92) (4.61) (6.03)
Moisture w.b. Y 57.0 5.54 51.5
g/100ml (23.0) (2.45) (22.7)
Ash p4 15.7 16.5 17.9
g/100m1 (6.33) v (7.31) (7.88)
Volatile Matter 7% 6.6 11.0 6.1
' g£/100ml (2.66) (4.87) - (2.68)
Apparent Density g/ml .403 ' .443 L4840
(.418 Calcined)
Screen Analysis REGENERATED SPENT REGENERATED
2nd Cycle 3rd. Cyc. 3rd Cycle
U.S. Mesh 0 n 10 % .1 0
10 x 12 % 1.9 1.4 1.0
12 x 16 Z 37.8 31.6 19.2
16 x 20 y4 43.0 44.0 40.4
20 x 30 Z 13,1 18.5 26.4
30 x 40 Z 2.5 3.6 .6
Through 40 % 1.6 0.9 4.4
Particle Diameter 100.0 100.0 100.0
{calculated) Mean mm 1.12 1.076 .937
(from graph) Median mm 1.10 1.05 .91
% by mean pd 50.7 47.7 50.0
Abrasion Number o = 1 cdian pd 53.6 50.5 56.0

* Values in ( ) calculated by multiplying by the App. Density
*%* Values in ( ) calculated by dividing by th% App. Density



DETAILED EVALUATION

(Refer to Table 1 for Numerical Data)

The BET Surface Areas show that the carbon has been completely

regenerated and, in fact, increased in total area above the Virgin* material
and Second Cycle Regenerated* carbon. This is true on both the weight and
volume bases. The Third Cycle Feed (Spent) sample may be somewhat incon-
sistent but it must be remembered that this determination was done on a
sample calcined at 1500°C for one half hour. This treatment is apparently
a good way of regenerating even though no oxygen was admitted intentionally
to the system. There is, however, an area increase in the Third Cycle
Regenerated sample above this figure. The fact that the Spent Third Cycle
sample is above the Regenerated Second Cycle may be due to sampling dif-
ferences in the two materials.

The Yodine Numbers show that the regeneration in the third cycle

was very effective and a higher value was reached on both a weight

and volume basis than in the second cycle. The Spent material, which

in this case, was not calcined shows the effect of partial saturation
with organic matter and particularly indicates a higher degree of satur-
ation on a volume basis. However, there is still considerable active
surface remaining in the carbon after use indicating that it could prob-
ably be left on stream for a longer time and still be quite effective.

The Modified Phenol Values indicate that there was considerable

saturation of the finer pores as shown by the higher MPV value for the
Spent sample. However, most of these pores were again opened up in the
regeneration so that a high degree of activity for removing small molecules
has been regained. As a matter of fact, on a volume baéis, the Third Cycle
Regenerated material is slightly better than the Regenerated Second Cycle
sample. In comparing the Modified Phenol Values, it must be remembered
that they are expressed on a reciprocal basis and the lower the number,

the better the carbon.

The Molasses Decolorizing Index shows that the area in the large

pores which accept the large molasses color bodies have been sufficiently
opened up and though the Third Cycle Regeneration appears lower on a
weight basis than the Second Cycle Regenerated sample, the density difference

makes up for this and when the volume basis figures are considered a net

* Data taken from previous report.
A






sizes could easily explain the increase in density of roughly 5%.

Particle Size measurements as shown by the screen analyses of the

three samples indicate very little change from the Regenerated Second

Cycle material to the Third Cycle Spent sample. However, the Third Cycle
Regenerated sample indicates a marked change in particle size with a

sizable drop in the 10 through 20 mesh fractions. -The Mean Particle Diameters
and the Median Particle Diameters show essentially the same thing; that

there has been a slight drop in size between the Second Cycle Regenerated

and the Spent material, but a rahter large drop for the Third Cycle
Regenerated carbon. There appears to have been some attrition during the
regeneration and some accumulation of fines in the process.

In Abrasion Number data is encouraging in that in spite of the change

in Mean Particle Diameter the hardness, as indicated by abrasion resistance,
remains about the same in the third cycle as in the second. . As a matter

of fact, if the Median Particle Diameters are used, there appears to be

a slight increase on the third cycle. The fact that the Spent sample gives
somewhat lower values than the Regenerated is probably not significant

but may indicate the wearing away of some material collected on the sur-
fdce which may be sloughed off in the test.

Pore-Size Distribution curves as shown in Figure 1 indicate very

small differences in all three samples. For all practical purposes,

the pore sizes of the three samples may be considered identical. To

attempt to differentiate these curves would probably be misconstruing

the accuracy of the data or the validity of the sampling. In the absence

of any observable changes, one can say that the regeneration has been
complete and the carbon is restored to the pore distribution of the previous

cycle.‘
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PHENOL ISOTHERMS

for MPV Determinations
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