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On the Air-cooling of Closed-circuit Tube-mill System for Cement-clinker
Grinding

NI S I A *
Eiichi Onuma Seiya Tachibana

Ahstract

To reduce the mill-outlet {emperature of cement, a2 considerable amount of fresh air is
often introduced into the mill and the air-classifier in the closed-circuit tube-mill system
for cement-clinker grinding. In this paper, & new heat-transmission model for this system.
is proposed, and the effect of fresh air introduction on the mill-outlet temperature of cement
is estimated.

The rise in mill-outlet temperature of cement with the increase of mill dimension is
illustrated, and the reason for it is explained.

The pre-cooling of cement-clinker before feeding into the grinding system is especially
important for large-scale mills, Ctherwise, the amount of air needed for ccoling of cement
would increase enormously.

In the conventional flow--schema, the amount of air introduced into mill is restricted by
the fineness of cement carried out with and separated from the air, In relation to this, the
development of air-classifier for highly dust-laden air is strongly needed.
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Table 2 Observed data used in the determination of unknown parameters

) test No,
symbol unit definition -
1 2 3 4
M t/h feed-rate of clinker - - - 138 139 145 134
R t/h flow-rate of the return 517 587 465 663
A t/h total flow-rate through the mill 860 750 614 800
7 t/h flow-rate of fine products o148 143 148 137
E t/h feed-rate of gypsum 4 3.9 4,1 2.8
L |Nm¥/min| flow-rate of cooling-ait through the mill 102 | 184 165 204
B Nm*/min| flow-rate of co.oliﬁg—air through the air—classiﬁér 1617 | 2183 1909 2183
w kg/h | flow-rate of water-spray injected to mill 308 408 914 210
far C e lcl_inker teiﬁperature 112 g1 96 109
N kW power input to naill motor ) ) : 5RB0 | K584 5563 5551
Ns LW power input to air-classifler motor 220 320 320 320
ta °C mill-outlet 'matérial temperature . 166 143 148 151
iy °C mill-ourtlet gas temperature _ . | -122 90 107 108
1 °C air-classifier outlet gas temperature 122 92 | 112 —
Table 3 Assumed Values used in the defermination of unknown parameters
sylmbol unit definition assumed value
Cr keal/kg°C specific heat of clinker 0.19
Cr kecal/Nm®°C | specific heat of air 0.31
C‘W keal/kgeC specific: heat of watler vapor 0.488
o keal/meheC coefficient of heat transfer from mill to ambient air 18.7
&s keal/m2zheC coefficient of heat transfer from air-classifier to ambient air 5.5
A kcal/mh°C thermal conductivity of mill shell 16
s keal/mh°C thermal conductivity of air—classifier matallic walls 45
a m thickness of mill shell and linings 0.136
g m thickness of air-classifier metallic walls 0.009
r % adhesive moisture in gypstm 6
e °C gypsum temperature 30
ic °C amblent air lemperature 30
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Internal Friction Factors and Cohesion Forces of Fine Powders by
Constant Volume Shear Tester

Sl 2/ 3 U S O Sl 1 I 13
Keijiro Terashita Kei Miyanami Masashi Okajima

Abstract

The effect on the shape and the shearing area of shearing cell on the yield loci and
internal friction factor of several kinds of fine powders has been investigated by using a
constant volume shear tester. Normal stress and its distribution have been also measared
at several different positions in the vicinity of the shearing plane to compare the internal
friction factor by the shear tester with calculated one hased on the stresses measued.

The following findings are obtained ;

(1) The effect of the shape and shearing area of the shearing cell both on the vield locus
and on the internal friction factor is negligible when shearing area is more than 7gcm?

(2) The internal friction factor based on the relationship between average normal
gtresses dy,m and the shearing force Tx by a constant value, direct shear tester, well
conincides with- that obtained by a constant vertical load tester for hoth fine and coarse
powders.

(3} 'The internal friction factor evaluated by relationship between o.,m and 7y increases
with decreasing the particle size for coarse powders. The internal friction factor and the
cohesion force for flne powders is appreciably larger than those for coarse particles.

Therefore, it can be said that the flowability of powders may be estimated in terms of
internal factor for coarse powders and hoth internal friction factor and cohesion force for
fine powders, respectively.
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Shearing cell diameter D . 100mm

Upper powder layer height H, -12mm
Lower powder layer height T, 5. 8mm

Shearing rate Vs 2mm/min,

Table 2 pfirfiaddt

Powdor | et e /o [
Flattery sand 220 2,61 1.31 36,5
Carhorundum A |177 3.23 1,62 37.0
Carborundum B {185 3,23 1.57 37.5
Carborundum C | 74 8.28 1,53 8.7
Carborundum D | 87 3,92 1,382 41.5
Carborundum E | 23 3.22 0.98 42,0
Volclay 10.5 2.87 0,73 45.5
Yellow stone 5,58 2.28 ¢. 63 43.5
Zinc oxide A 0,52 5.20 0.89 44,5
Zinc oxide B 0.53 5.20 0,38 46,0
Zinc oxide C 0,471 5.21 0,40 43.2
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A Proposed Testing Method for Shear Strength of Powder Compacts:
Effects of Some Factors Relating to Compression and of Concentration
of Lubricant on Shear Strength

FAEL A, Al R, R e g
Yoshihisa Matsuda, Keiko Nakagaws, Sakiko Tani

Abstract

A simplified technique for measuring the shear strength of compressed tablets is proposed.
This test modifies the ASTM D 732-46 which is concerned with plastic plates,

The tablet to-be tested, which was formulated from the mixture of spray—dried lactose and’
magnesium stearate as a lubricant, was placed in a sample holder of shear cell, and then
the plunger of Fmm in diameter was allowed to peneirate the tablet matrix axially at a
constant speed. The maximum shear force on a shear stress curve was taken, and the
shear strength per unit area of sheared cross section was calculated.

Two operating parameters, such as tablet weight and corﬁpression force, were varied in

_ the range of 0,3-0.6g and 2000-5000 kg, respectively, The concentration of Iubricant was
also varied from 0.5to 2%, The shear strength was not much changed by tablet weigit,
while it was significantly affected by comgfession force. The shear sirength was directly
and linearly related to the porosity of tablet, and decreased with increase of bolh porosity
and concentration of lubricant. There existed a highly significant correlation between the
shear strength and the temsile strength which was calculated from the diametral tablet
hardness. :
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Fig. 1 Particle size distribution curves of
sample powders used

Table | Micromeritic Characteristics
of Sample Powders

Samples Lactose Magnesium stearate
Geometric mean 34.0 2.8
particle size [am]2}

Geometric standard 2,6 3,2
deviation gy [—]

Specific surface 1.8x 10 B.3X 101
area [cm?/g]b?

Particle density 1. 5386 1. 090

{g/cmd]e

a) measured by photosedimentation method

b) measured by air permeability method

¢) measured with Beckman air comparison
pycnometer
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Experimental Study for the Dehydration of
Gypsum Particles in Continuous Fluidized Bed

P BIk* S s fRE A

Isamu Tanaka Masayoshi Uchida Hisashi Shinohara

. Abstract
The dehydrate gypsum (CaSO,i-ZHzO) must be dehydrated to hemihydrate one (CaS0,+14H,0),
when gynsum is utilized as plaster, board and so on.
Thermal dehydration of gypsum particles, whose average diameter is 654m, was examined
in the continuous fluidized bed. The experimental condition was as follows,
feed rate of gypsum particles : g~14 g/min
superficial air velocity : &, 8~16. 7 cm/s
bed temperature : 100~160°C
diameter and length of column : 67mm and 1,5m
Experiments resulted in that the efficiency of dehydration of gypsum particles in continuous
fluidized bed may be superior to that in batch gypsum kiln,
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Dy particle diameter [um]
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g  gravitational acceleration [cim/s™)

I. : distance from distributor to overflow pipe

(em]

AP : pressure drop of {luidized particles bed
[emH,O)
CRe 1 =DplUip/e -1
T :bed temperature £°C3
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Table § WFEEE (o TR0 QMR

fALA IR B, PG YRS, mwlioa Core material Solvent References
ORERD W, EERRET, b Lo E Ascorbic acid Water (5
LT 55 & o T Table 22 oipd SEERE. Calcium carbonate Water {8)
MBI RIS, BWREER & T, B on Cyclohexylsulfamic Water (D
RSy, EERIFNS 50, EREESeEE acid+Glycin
LEETEEBL TS, FEERNL S SRR T Digitoxin Chloroform-methanol { 8)
By, BESESEEETHE. BEOBREC OV Wate Y
v g . N Kanamycin sulfate {10}
BTG I I LYk i N 2 TR Treated with active
. (cat'bon )
Lactose Water an
Poraus @4[”" chevge € Lignin {12)
Agglomerating crusti—{Concwe gy 'Fractura Ba, Treated with NEIOH,)
Slurry | 4~ Shrivelled g (}12804
droplet Shuvelsl B Magnesimm Water (13)
No chasge trisilicate
?f:“;é;laﬁ“g e { O:'Mim’" fracture () Quinazoline Chloroform--Denatured
I.n[laﬁugo Conting _{gonc:?re O aleohol (l 4)
o changs ()
. . Sireptomycin Water (15)
Fig.1 The drying process for a slurry Streptomycin Water 16)
droplet
Table § WEGEERE (B TR O HiEE
Core material Coating Polymer Solvent References
Aspirin, Phenacetin, Acetanilid PVP Water {an
Aspirin, Griseofulvin, MC,PVP, MC-Kolloidon 30  Water (18, 19
Phenacetin
Barbital PVP, MC, PEG, Aminoplast Water {20}
Calcium sulfate dihydrate CGum arabic+Guar gum Water {21)
Glycoside, Steroid, Aspirin, MC, PVP. Chloroform-methanol or Water (22)
Tetracyclin '
Iscbutyl allyl-barbituric acid EC, MC Water-Ethanol-Methanol (23)
Menthol Gelatin, Gum arabic ,Dextrin Water (24)
Phenobarbital PVA, Hexamethylol- Water (25)
Melamine+Aminoplast
Procainamide HCl Acryl polymer Water-Chloroform (28)
Sulfamethyithiadiazole Castor wax Chleroform @7
Sulfamethoxazole CAP, (Talc) Ammonium solution (28, 20)
Sulfamethoxazole Gelatin-Gum arabic, Water (am)
coacervates -
Sulfaethidole Glycowax, Castorwax Ammonium solution (81)
Sulfisomidine, Magnesium Gum arabic, Gelatin, Water, Ammonium solution  (32—34)
carbonate, Salicylic acid, CMC, MC, PVA, PVP.

Synthetic aluminium silicate
dl-g-Tocopheryl aceiate Gelatin

Water (35)
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BUEEGOERRAE L, Hecker ik, Y4 I A%

Table § VSRR H: 0 2

Coating Polymer

Core material References

Amobarbital, i2-Hydroxyl stearyl (36)
Phenobarbital alcohol
Dextromethophan  Glyceryl tristearate (37
+12-hydroxyl— stearic
acid, Glyceryl
tristearate+hehenic
acid.
Sulfamethizole, Glyecery! trilaurate, (38)
Lipase Glyceryl tristearate
Sulfaethidole White Wax (39)
Sulfaethidole Carnanba wax, {40)
Glycowax,
Hydrogenated
: castor oil,
Sulfaethidole Cety!l alcohol, A
Glyceryl monostearate
Sulfaethidole Glyceryl tristearate  (42)
Sulfamethizole Ethyl cellulose+ (43)
Stearic acid
Sulfamethizole Hydrogenated (44>
castor oil
Sulfaethidole Hydrogenated (45)
castor il
Vitamin A palmitate Gelatin/Hexane (48)
Vitamin By, B;, Biz Behenic acid (47)
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Zeta poténtial (mv)
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Medium  buffer solution (n=0.1)

Key ! coacervate, A
microcapsule, O
spray-dried microcapsule, [
Medium ! buffer solution (p=0.1)

Yig.? Zeta potential-pH profile of coacervate,
microcapsule and spray-dried micracap-
sule
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Diffraction angle (28)

Key: (A} Form I, original sulfamethoxazole
(B} Form I, recrystaliized in water at
dry ice-acetone mixture temperature
(C) 8pray-dried products prepared from
formulations containing CAP (50 g)
and colleidal silica (50 g)
Spray-dried products prepared from
formulatiens containing talc (50 g)
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Fig,3 X-ray diffraction patterns of original.

and spray-dried sulfamethoxazole
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IR spectra of spray-dried products with
increasing of CAP

i I 1
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Pig.4 IR Spectra of spray-dried products
with increasing of CAP
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(A} Spray-dried products prepared from formulations
.. containing celluloss acapate phthalate (50 G}
{B) Spray-dried products prapared from formulations
conteining celiulose acetate phthalate (50 G} and
- tolloidal silica {50 G)

(C) Spray-dried prodycts pge?ured frc? formulations

containing ¢oplloidal silica (50 @

Fig.§5 Scanning electron microscopy
photographs of spray-dried products
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Table § 'EEFIRIC X 55N

Core material Coating Polymer & Solvent Polymorphism References
Aspirin, Phenacetin, PVP, MC, K_C}lloidon/ Amorphous (18, 19)
Griseofulvin Chloroform-methanol
Barbital, Carbromal Chloroform Metastable phase (51)
Phencbarbital Chloroform-methancl ”
Chloramphenicol palmitate  Chloroform Metastable phase (62)
Digitoxin Chloroform-methanol Amorphous (53)

MC/Chlaroform-methanol o '
Lactose Water g-monchydrate (11)
d-anhydrate
fA-lactose
Lactose Water 8% Amorphous (54)
Phenobarbital Alcohol . Amorphous (85)
. PYP/Alcohol ”
Salicylic acid, Sod. salicylate Gum Arabic, PVP, CMC 50~80% Amorphous (3
Gelatin/Water
Sulfamethoxazole CAP/Ammonium solutian T + Amorphous {28}
Sulfamethoxazole Tale/Ammonium solution I+1 (29)
Sulfamethoxazole Gelatin-Acacia coacervate Amorphous (am)
. /Water-

Sulfanilamide, Sulfathiazole Methanol-Water Metastable phase (56)
Sulfisomidine Acacia/Ammonium solution Amorphous (32)
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O 3eg 7.5
B 0g 7.5
A 309 distilled water
Cellulase acetate phthalate excluded:
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microcrystalline cellulose
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