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YAZRE o HAANA A PAA (binder) T A7 A 2ol T d5Ho2 FaAgoH
URz7)e FHYRR YFshe 2A AF FHOITh £ AT AL Aol mek AAehe YAA7)E A2
AR 53 BP ALSL 2 b AE UYS B GAshach ARAF D g $REAL) FYSR(P)7
HEW W Fohe, AP FUSENA AAAF DY e B FASE(W) S 0B (dise) 8] rpm(N)ol
aheh 7HTh 293 ARG Db 2apaSe) 4RBANE vhest 2ek

D=0.560X 107 3(W/F)3%N?!%

AAA oz 33 RdaRE 2 oj&d HAAS De AYEt A dASe 4" AL ball A
A g Az H4d + Uk

Abstract—Granulation is an operating process for solid treating in which powdered material grows into
spherical granules of some sizes on a rotating disc by adding a certain amount of an appropriate binder
and spraying water continuously. In this research a mathematical model for predicting the sizes growing
granules with time was proposed and its applicability was examined through a series of experiments. Adhesion
coefficient D increased as the feed rate(F) of powdered graphite decreased and when feed rate(F) was fixed,
the D values increased as the spraying rate of water(W) and rpm(N) of the disc increased. An empirical
correlation between adhesion coefficient D and operating variables was obtained as follows,

D=0.560X 1073(W/i; PN,

Finally, the theoretical results of D from the proposed mathematical model were in good agreement with
those from experiments and so the assumed model may well be applicable to other systems of spherical
growing ball.
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Fig. 1. Schematic front view of a pan.
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%7127 (initial condition) 3} 7 A 27 (boundary con-
dition) & ©}-§-2} .

r=0, 99 =0(at t=0) 2
or

&{R(D), t}=o0s=0 3

d(o0, t) =¢==p, (4)

ol th3t solid®] ¥ % o= r3} to] F42 A opeat
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SRS 1, 18 sl S 2 ARshd e
ZeH20].

o(r, t)=0(s) (5)
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bulk density, p,=0.950-8 t§1]3}2 computersi] 23l 4
E9 22 2=300876601c}. = §] AojjA X2} A
Y=t/D, R=Dy/YZ2%¥ t}&a e 4L J¢
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D=3.0X10"3

081 (cm?¥min)

Radius R(cm)
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Time (min)
Fig. 2. Change of adhesion coefficient D values on the
R vs. T plot.

9)= hopper, A| 2.9 U7 E§-E 913 paddle mixer,
JAEHE % A7 60cmsl disc 282 F A
918 27 0.5 mm<l nozzleil} &=Fo] 200 cc/mingl ro-
tameter2 A x| 3}gic}.

3-1-1. Hopper

WE7 Zdy] 2oz o] A&yt FHol 23
Aol 2 WY F UEE 31992 dhel & screw
feeder® 3t Al g7} dAsA JexF dodck

3-1-2. £371(paddle mixer)

T 7he] shaftE HaPstA QdAste] A2 dFon
AT E slolon Zo= 15°2 FoiAl bladeE +-
Ateld Algrt ¢EoE YT E ot

3-1-3. ¥8r(Disc =+ Pan)

fuke 27 60cm, ek Fo] 12ecmE ey
balle] 338 sk AL =, dA Z7)8 +
FYAE ARNL 5 UEEF A4ZE 55°=2 2AY
}.

3-2. AR

2 A 2123 Alme ¥4 Fd(amorphous
graphite) # A A (binder) & #4E2e CMC(so-
dium carboxymethyl cellulose : RnOCH,COONa) &
Agste] Atk T4 QAL —35meshE 4}

. Scrapper
. Hopper
. Screw feeder

1 7. Rotameter
2

3

4. Paddle mixer

5

6

8. Hopper rpm controller
9. Paddle mixer rpm controller
10. Pan rpm controller

. Feed chutes 11. Switch

. Water spray nozzle

Fig. 3. Front view of experimental apparatus.

g3t on CMCe ¥4 99 3wt%E AH8-319ich

3-3. Aey

Agel FaF HEE Adug 277N A=l
2-9] o}(water content), Y¥IE(pan, rpm), Y E F
Ql4 % (feed rate), 9uke} A ALz (pan angle), bind-
er ¥&, 189 A=) Sl Aok

2 Aol A Ayt AAztEE 55°8 AP
binder?] ¥t 3wt%z Y} EF Yure] Ixp=

71e 48 F9 —35meshd Adste] APHo
Agu- o537 32

(1) A4¥e 98 —35mesh F3 odell 3 wt%e]
CMCE 43 &4%3 &3’
(2) T¥9Y Y=E hopperell Y3 screw feederE

A2 A7 A4 E R paddle mixerod] FUHEZS Jch
(3) Hopper2%-F 1}& 8= screw feeders %3

E37](paddle mixer) 2 &2 }eedl o714 1965

g/min, 2630 g/min®] £E2 ule] F]1=c}

4) $49 98E A9 £55 13,18, 23rpm2 2
WA A 7] AP} zhzhe] YubS = spray noz-
zles %8 67, 74, 88 cc/mino 2 E& FARBIEEH
Huldlolls %70l powderZF€] o}F 22 & (nuclei
=i seed) o] FAHT dAAIzbe] At F zHzhe| b
3271¢] balle] A=}

(5) ¥AH ball-e ute] #Abzkx 9} collar heightel
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Feed rate=196.5 g/min

Pan speed=13 rpm

— Theoretical

O Experimental, W;=62 cc/min
(Water content)

A Wz =74

c W;=88

D=9530x10"*
(cm?/min)

Radius R(cm)

12 16 20
Time(min)
Fig. 4. Change of adhesion coefficient values on the R
vs. T plot.
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Fig. 49} 5& Rd 24 73 o] 29} AYA 2}
o]& & F v 2HZEN AYHE 7|58 RAFL
dre & o)Al AR EAHAG 2
Yol A} viehd ulel o] melolA T o] &R} Al
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=
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v
o
0.0 A . . . PR
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Time(min)
Fig. 5. Change of adhesion coefficient D values on the
R vs. T plot.
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Feed rate=196.5 g/min
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Fig. 6. Change of adhesion coefficient D values on the
change of pan speed.
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R
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Pan speed(rpm)
Fig. 7. Change of adhesion coefficient D values on the
change of pan speed.
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Feed rate=196.5 g/min

2 Pan speed
g 013 rpm
E 18
E 25} 4
Tu 023 )
=
X 20}
[ Ly
=
g 1
& 15 o
Q
S

A
& 10}
8 o
% o/
< 5| a /

[)
0 ) N L s
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Fig. 8. Change of adhesion coefficient D values on the
change of water content.
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Binder(CMC) =3%
Feed rate=263.0 g/min

E Pan speed

NE © 13 rpm

5 218

12 23
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—
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Fig. 9. Change of adhesion coefficient D values on the
change of water content.
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o AFHTE = water feed rate(W), pan speed
(N), solid feed rate(F), pan angle(8), binder concen-
tration(C), particle size(P) 59 W4 w2} 43S
ul=c}, Z D=D(W, N, F, 9, C, P, --)9 &= F
AzeH 2 A= 6=55° C=3wth, P=—-35
mesh2 A3t ch dald £ Q7o) Wy B9
FW), ukET(N), 98234 (F)E AH43idz,
o) 5-9] ArA A= S A o2 sAsle 7# 5 9l

D=aW*!N'F® 4-D

&37)4], D=adhesion coefficient(cm?/min)
W=water feed rate(cc/min)
N=pan speed(rpm)

F=solid feed rate(g/min)
o, B, r, §=constants

B A EF(W) et 48335 =(F) e A2
4= Defl A% d3 AZ oo A7) UenZ 8=
-2 & & Utk @A A4 (DL,

D=a(W/F)'N'7} =ch (4-2)

Al (4-2)e| A 7t parameter a, B, r2] FHL FIF
Al4] data®} non-linear regression methodZ o} £8-3}o]
computer programming® 288 7 4 ok 3t q,
B, re) e 4l (4o diletd AFAH e L3

BE1S3 M29A M2E 19914 43
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Fig. 10. Correlation of adhesion coefficient with water to
solid ratio and pan revolution per minute.

ZE He dE 5 Uk
D=0.560X10"*W/F)*¥*N'*[ cm?/min] 4-3)

Fig. 10& 4914 & 42445 D9 kst 4 (43) &
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A9 gEe 42 B ANGE & F Utk

5.8 £

B AYY A 9 13 Bt oS3 e AES
a& g et

(1) Diffusion model 2 7} &} pan granulatorol] 212}
ball growing mechanism-2 ¥ 72 A dHejA 4
Aot A X gr)

(2) A&AAS Do 3} water feed rate(W), pan
speed(N), solid feed rate(F) 2}2] A 337 o134 2
7zt

D=0.560X1073(W/F)**N**[ cm?/min]

(3) &2 o}(water content) % ¥4} % (pan speed)
o] Zslo| wie} AAAS DY e AL FrlEie |
B85S E(solid feed rate) 9] F7iol| o2} g,

(4) AaA14 Do) g+& pan speed .t} water feed
rates} solid feed rateo] t]-2 2 <332 wth

NOMENCLATURE

A :constant
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C :binder concentration [g/cm®]

D :adhesion coefficient [cm?/min]

d :disk diameter [m]

F :solid feed rate [g/min]

N :disk speed [rpm]

Nc :critical speed of disk [rpm]

P :particle size of material [ mesh]

q :amount of diffusant expelled per unit volume of
new phase formed as growing proceeds [g/cm®]

R :radius of balls [mm]

r :radial coordinate

S :parameter defined as R=Sy/Dt

s :parameter defined as r=sy/ Dt

t :time [min]

W :water feed rate [cc/min]

Subscripts

a, B, r, 8 : constant

0 :disk angle

ps :bulk density of balls [g/cm®]

py :bulk density of powder [g/cm®]

¢ :powder concentration of balls [g/cm?®]

oz : powder concentration of balls at radius, R [g/cm?®]

¢, :powder concentration on the surface of balls
[g/cm®]

¢ : powder concentration surrounding balls [g/cm?®]
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