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Abstract : Attrition characteristics of PKM1-SU particles, CO, absorbents for pre-combustion CO; capture process, and FCC
particles, catalytic particles for hydro cracking of crude oil, were investigated at high temperature and high pressure conditions.
Particle attrition tests were executed at various kinds of temperature (0-400 C) and pressure (0-20 bar) conditions in a cylinder
type bubbling fluidized bed with 15.1 cm diameter, 120 cm height and 1 mm orifice-sparger tube. Attrited particles before and
after tests were analyzed by BET, optical microscopy, and particle size analyzer. Effects of bed material height (solid inventory)
and steam injection were also verified by using ASTM D5757-95, conventional attrition test method.
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Figure 1. Schematic diagram of ASTM D5757-95 attrition tester for
atmospheric temperature and pressure condition[9].
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Table 1. Physical properties of PKM1-SU and FCC catalyst

PKM1-SU Spent FCC
Mean particle diameter (um) 129.3 113.2
Bulk density (g/cm’) 0.712 0.821
Geldart classification AB AB
Sphericity 0.9 0.9
BET surface area (mz/g) 25.22 204.24
Langmuir surface area (mz/g) 35.26 222.60
Purpose CCS process FCC process

K,COs 21
Synthesis (%) MgO 24 N/A

others 55

: N, & Steam

N

e

V

Particle divider
Particle size analysis

Attrition tester

Figure 2. Schematic diagram of attrition test apparatus for high temperature and high pressure conditions (BF-AT).
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Table 2. Example of experimental conditions at up =8 ums for FCC
catalyst particles: superficial velocity (1), terminal velo-
city (uy), and flow rate

* up (cm/s)
P\T 200C 250C 300C 350C 400 C
1 bar 4.60 4.25 3.97 3.72 3.51
10 bar 4.56 422 3.94 3.70 3.49
20 bar 4.52 4.19 3.91 3.67 347
* u; (cm/s)
P\T 200C 250TC 300C 350C 400C
1 bar 20.36 19.16 18.11 17.19 16.37

10 bar 15.55 15.01 14.49 14.01 13.55
20 bar 13.55 13.22 12.89 12.56 12.24

* Flow rate (NLPM)
P\T 200C 250C 300C 350C 4007C
1 bar 28.5 239 20.3 17.5 15.3

10 bar 282.8 236.9 201.7 174.2 1523
20 bar 560.5 470.0 400.5 346.1 302.6
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Figure 3. Effect of solid height (loaded particle amount) on attrition
characteristics of PKM1-SU at atmospheric condition.
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Figure 4. Effect of humidity on attrition of PKM1-SU particles by
ASTM D5757-95 test method.
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Figure 5. Effect of humidity on attrition of FCC catalysts by ASTM
D5757-95 test method.
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Figure 6. Effect of humidity on particle attrition: (a) PKM1-SU, (b)
FCC catalyst.

Table 3. Superficial velocities and inlet flow rate for experiments of
temperature effect on attrition characteristics of FCC par-
ticles at atmospheric pressure

Uo (=8 umr) | Flow Rate Unf in
[cm/sec] [NLPM] [cm/sec] | [cm/sec]
100 C 5.52 43.4 0.69 23.32
200 C 4.60 28.5 0.57 20.36
300 C 3.97 20.3 0.50 18.11
400 C 3.51 15.3 0.44 16.37
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Figure 7. Effect of system temperature on attrition characteristics of

FCC catalysts at atmospheric pressure in a BF-AT: (a)

transient attrition behavior, (b) attrition rates, (c) AI(5)
and CAI(5).
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Table 4. Superficial velocities and inlet flow rate for experiments of
pressure effect on attrition characteristics of PKM1-SU

particles at 400 C
U (=8umf) | Flow Rate Umf u
[cm/sec] [NLPM] [cm/sec] [cm/sec]
1 bar 3.97 17.3 0.50 18.30
10 bar 3.95 172.2 0.49 14.83
18 bar 3.93 308.1 0.49 13.51
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Figure 8. Effect of system pressure on attrition characteristics of
PKMI-SU particles at high temperature (400 C) in a BF-
AT: (a) transient attrition behavior, (b) attrition rate, (c)
AI(5) and CAIL(5)
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