HWAHAK KONGHAK Vol 30, No. 2, April, 1992, pp. 156-164
(Journal of the Korean Institute of Chemical Engineers)

QuH 2E0IZAY S8
e - ddat - 0|IES
B R A
(19914 99 69 A4+, 1992+ 2€ 10 A=)

Application of the Theoretical Compression Equation
in the Flocculated Granules

Hyoun-soo Kim, Bang-sam Park and Jun-wung Lee

Agency for Defense Development
(Received 6 September 1991; accepted 10 February 1992)

2 o

2eA ARAE AHEsled FA4 BAS N2 YAAT U3 AL AL 43 RS
granule volume 2.2 Z}F31e] §E& YA 5ol E4] S8l B DTS FAshech AH 24T U 2)
AgAse AR 5 YA 27, ASEE, ARAHe) B 27 AR Folu), AFEE T2
el BAGe] NZ 2 AAsAZ, Y582 4% C,7 granule porosityt 2 %eE ek

Abstract—In situations where granules flocculated with polymeric binders were compressed, the applica-
bility of the theoretical compression equation, which was previously derived considering the granule volume
as the real starting point of the bed compression, was tested. The experimental results and the theoretical
compression equation showed good agreement over the whole range of experimental conditions; variation
of the type of binder, granule size, size distribution, L,/D ratio and compression rate and the compression
constant C, was shown to be the same value as granule porosity.
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Table 1. Physical properties of granules

Sample d, duap d, ng d

IP original 0953 1063 1033 0553 2314
IP #16/20 0917 0985 1142 0507 2313
IP #25/30 0928 1025 1263 0454 2314
IP #40/50 0952 1024 1440 0378 2314
RV original 0856 0.885 1341 0.258 1.810
RV #8/12 0.801 0.859 1.282 0292 1810

RV £16/20 0840 0866 1371 0.243 1.810
RV #30/40 0856 0936 1378 0.239 1811
RE original 0844 0885 1176 0332 1.760
RE #8/12 0.745 0756 1208 0313 1.760
RE #16/20 0.821 0845 1243 0294 1761
RE #30/40 0853 0889 1329 0245 1.760
d,=bulk density, d.;,=tap density, d,=granule density,
n,=granule porosity, d;=true density
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Fig. 1. Actual F-x traces of compression for Gelatin, Gel-
vatol, Dextrin powders.
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Fig. 2. Compression diagram for Gelatin, Gelvatol, Dex-
trin, and Kawakita equation.
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Fig. 3. Actual F-x traces of compression for Filler-R/Es-
tane granules(# 8/12 sieve cut).
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Fig. 4. Compression diagram for Filler-R/Estane granules
and Kawakita equation(# 8/12 sieve cut).
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Fig. 5. Compression diagram for Filler-R/Estane granules
and theoretical compression equation(# 8/12 sieve
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Fig. 6. Actual F-x traces of compression for CaCO,/PE
granules(# 16/20 sieve cut).
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Fig. 7. Compression diagram for CaCO;/PE granules and
theoretical compression equation(3# 16/20 sieve
cut).

Table 2. Compression constants C,, and b

Sample n* Cn b

IP original 0.553 0.551 0.283
IP #16/20 0.507 0.504 0.272
[P #25/30 0.454 0452 0.173
[P #40/50 0.378 0.376 0.075
RV original 0.258 0.265 0.030
RV #8/12 0.292 0.293 0.042
RV #16/20 0.243 0.248 0.022
RV #30/40 0.239 0.241 0.019
RE original 0.332 0.340 0.104
RE #8/12 0.313 0.324 0.094
RE #16/20 0.294 0.298 0.077
RE #30/40 0.245 0.248 0.038

*granule porosity measured with pore sizer

gt A2t 4-& granule volumel 2 ZHFEtn f:dt
qt&o) 223 A =418 Fig 56l vtehd RAH
AR A dAgE 4 F 2ok

18]35, REQIAHAI S AW 16/20, 30/40°-2 543
A28 ASelx glztzZ7| BAGle) 47 A} F
A3 AELS 245 7 ek

A 2 polyethylene AH-g-3ted CaCO:& 58
A7) IPYAA S AS 94, AAAQ 459 A7
& granule densitygle] &= 7 (Fig.6), AHA
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Fig. 8. Compression diagram for Filler-R/Viton-A granules and Kawakita equation (a) Lo/D=1.5, (b) Lo/D=3.0(#

16/20 sieve cut).
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th= Aolth. Kawakita4] & AH43led 29 5344
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Loln)(Ly/D ratio), & A8 HzHANV)<= =i+
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Fig. 9. Compression diagram for Filler-R/Viton-A granu-
les and theoretical compression equation with dif-
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Table 3. Compression constants C,, and b for different

Lo/D ratio
Sample Lo/D I Cn b
RV 15 0.243 0.244 0.024
RV 23 0.243 0.248 0.022
RV 26 0.243 0.248 0.022
RV 3.0 0.243 0.249 0.021
RE 15 0.294 0.299 0.078
RE 23 0.294 0.298 0.077
RE 3.1 0.294 0.297 0.077

sample size; #16/20 sieve cut, Ly=initial bed height,
D=diameter of die, 10 mm

27 Al2E 27t 1g(Ly/D=15), 2g(Ly/D=3.0) A}&-
gl S AP S FYT A st dE 4=
(©)8) BAZ A Aol AXez FAE AL Ka-
wakitad]& EAIE Foloh el & F %ol L
/Dulell @2} Kawakita2le] =24 d=2}d& & = X
4&271E wlwshd Ly/DHl7} 55 AP 23} Ka-
wakita2] Ztell e & A&7} d&E & 4 ek

e, gbEe] 22438 granule volume 2.2 7H%F
&0 BAL AHEE S A8 2|89, & L
/Dule] dske wiAg 5 A €k Fig. 9= RVYA
AE AME 16/2002 ¥FA)7] Al8E 27 1g(ly/
D=15), 1.5g(Ls/D=2.3), L.7g(Ly/D=26), 2g(L/D=
3004 Abgste hEHAY-E FYT AAZRE 4F
o] @48 44 Pl o5& L/D=23 ¥ W] A¥
data} ¥4 kst @2 A F4=[C=(V,
—VNV ]S BAR £A% Alelch 2ol vebd A
A3 Ly/Dy] wWslell @A glo] A¥ AT} dFo]| B4
A2 dxge & F Aok

a2} 3, RE]QIAA 9] 7ol = 92 Ly/De]2] st
[AGo] A AT} Fo| 2L B YIS & F
et
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Qe o 4 2ok
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Fig. 10. Compression diagram for Filler-R/Viton-A granules
and theoretical compression equation with differ-
ent strain rate(# 16/20 sieve cut).
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Table 4. Compression constants C, and b for different

strain rate
Sample  Strain rate n, Cn b
1P 0.5 mm/min 0.507 0507 0.251
P 1.0 mm/min 0.507 0.504 0.272
P 2.0 mm/min 0.507 0.504 0.285
RV 0.5 mm/min 0.243 0251  0.023
RV 1.0 mm/min 0.243 0.248 0.022
RV 2.0 mm/min 0.243 0247  0.023
RE 0.5 mm/min 0.294 0300 0.075
RE 1.0 mm/min 0.294 0.298 0.077
RE 2.0 mm/min 0.294 0.295 0.076

sample size; #16/20 sieve cut

719] A A HIF FEIF AL HAqF F gl
£d) 7]Qlsle Aoz waksic)

471 APANZHE AP AEA o8 7 ¢
2410 A5ghe Table 4o $23l¢i=ul, RV, RE,
IP]AHA] F3] &Sz o] Wl f#Agle) A4 C.2
granule porosity(n)+ ¢ dXgE 4 F AUk

5.8 £

I3 AFAZ AE-AHR JAAE g8k A4
5 A2 A Aol 23 bulk volumeol A gran-
ule volume7}#] &5 Faloll= 3o] AL &85 =]
d5o] AAFHA D, wel AdAHal ¢39 A2Hge
granule volumel2 2 7}F3le] fxdt YAHA gh3o)
E4% AAY AdAze= AgH E7(Viton-A, Es-
tane, Polyethylene), 1A4A =7], d=®¥E, Ly/Dw),
GEE T Mt FAIgle] M2 A X,
Yol &AM} 44 Gt granule porositys & g
22 vepygr

NOMENCLATURE

: constant of theoretical compression equation
: degree of volume reduction, (V,—V)/V,

: degree of volume reduction from granule vol-
ume, (V,—V)/V,

: constant of theoretical compression equation
: diameter of mold die [cm]

: density under pressure P [g/cc]

: bulk density [g/cc]

d; :granule density [g/cc]

d, :true density [g/cc]
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10.

11

12.

13.

14.

15.

: Rankine coefficient

: constant, /K/m(1+K) [MPa 1]

: initial height of granular bed [cm]
: porosity under pressure P

: bulk(initial) porosity

: granule porosity

: pressure [MPa]

: powder volume under pressure P [cc]
: bulk(initial) volume [cc]

: granule volume [cc]

: true volume [cc)

: major principal stress [MPa]

: angle of internal friction
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