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Fine Grinding of Silicon Nitride Powder and Mechanochemistry

WU

Yoshinori Kanno

Abstraet

Amorphous, ¢-, and 5-SL;N, powders were activated by a vibration ball mill, a pot and balls
~of which were made of silicon niiride ceramics, in methanol medium containing various con-
centrations of water. Ammonia was produced from the surface layer of ground SizN,; powders
hy the presence of water contained in methanol, and the sequence of formation rate of it was
amorphous™>a-">4-58i;N,. The amount of formed ammonia was closely related to the concen-
tration of water contained in methanol. The specific surface area of ground powders decrased
with an increase of hydrated ratio, and the rate of decrease corresponded to that of forma-
tion rate of ammonia. In the case of grinding in the medium of purified methanol free from
water, the specific surface area of ground powders increased in the following order: a—>
jp->> amorphous 813N, The surface active sites of ground powders have been determined by
Temperature-Programmed Desorption Method (TPD), and the formation reaction of ammonia

on these active sites is discussed.
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ball mill

amplitude 3 mm

Vibration ball mill frequency 1770 rpm

Materials of pots and balls silicon nitride

Capacity of pots 590 cm?®x 2

Diameter of balls 10610

Charged volume of balls J=0.70(830g)
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Fig.1 Ammonia fomation during the grinding
of three types of silicon nitride



Table ? The change of specific surface area
of three types of silicon nitride by
grinding (hydrated ratio: 8, 87mol%)

original 200h grinding

Sample (me/g) (m2/g)
amorphous  SiyN, 318.4 282.0
-513N, 13.8 70,6
A-8i;N, 2.4 60.3

400

300

200

Specific surface area {m®/g)

1002 "

———p @ .

L—D—T‘é‘:*—-————;g
(}'!;2' ] 1 1 L

0r b i0 15 20

Hydrated ratio {mol%)
W : Original, Am : Amorphous SN, -
a . {I-S‘.JsNd, ,3 . ﬂ—siaN.;
Fig.? Effect of hydrated ratio on the specific
surface area after 200h grinding on
three types of silicon nitride
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SAMPLE; 30 MG
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GRINDING TIME(H)
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Fig.3 TPD spectra of three types of silicon nitride
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Amorphous Si;N,

Hydrated ratio (mol%);
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AH03.02, H:0.00
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0 100 200

Grinding time (h)

Amount of ammonia formation {x10~*mol/g—SizNy)

Fig. 4 . Effect of hydrated ratio on the forma-
tion of ammenia during grinding of
amorphous SigNy :
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TEMPERATURE (C)

f ]
0 100 200
GRINDING TIME (I)

Fig.§5 Temperature elevation in the pot of
vibration ball mill by grinding
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a) This value was measured after 200h grin-

ding in the purified methanol without am-
monia formation reaction,

Fig.§ Amount of Ammonia contained in the
1041 of sampling solution and specific
surface area of ground amorphous
513N, after the formation ammonia
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The Residue of Powder on Discharge from Storage

Vessel with Air-blowing Nozzles

Wil G
Ryoji Utsumi

Abstract

“There is a method to discharge powder from a bottom of a storage vessel by air-blowing noz-

zles in contact with the wall. In such a method, it is pretty difficult to discharge the whele

powder from the vessel.

The effects of the height of packing bed, the nozzle position and the

air flow-rate or.the residue have been investigated by tale, Furthermore, the method to calcu-

late the residue and the optimum air flow-rate have been proposed,
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{b) Nozzel set up on
cone wall

Fig.4 Shape models of residue
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Fig.10 Experimental method to invesligate
the distance, L, of powder bed- which
can be broken by pressure air in {wo-
dimensional vessel.
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A Simple Estimate of the Rate Controlling
Step in a Fluidized Combustion Bed

LT

Isamu Tanaka

Abstract

This paper describes a method of estimating the rate controlling step during the combus-

tion of char particles in a fluidized bed. The rate controlling step can he estimated from

the char burning out time and temperature response of the fluidized bed. The method tested

under typical combustion conditions,
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Table 1

Rate-controlling steps for burning particles in fluidized bed

Rate-controlling step

Mass transfer of oxygen

Diffusion of oxygen to

Reaction on the surface

‘from a bubble phase to | the surface of a burn- | of burning particles
a particle phase ing particle in a par- | between oxygen and
ticulate phase carbon
Reaction rate of buming | [(UV—-0Uh) (1—e %)+ 4]
particles y ACo 2w ECd whCydt
—d (rpA3/6)/12di= 7y
(3 {4 {B)
Relationship between V1—=t/%,
particles size and rea- W1/, =1 ——lm(z‘/ic) I
ction time 2 ¢
d — Lt ,
d; 8
i (8} (9 (10}
Change of bed temper- [a4+1/2N—=1/4N%) (1— 1] [(Q+2/N+ 2/NH -~
ature with time |—gNa e Ny —aB/8—x/2+x/AN] | e V) Lt 2(1+1/N)x)/
1—e ™ JL+1/2N—1/4N%) (01— [+ 2/N+ 2/N%) (1~
(T-T/(T,—Toy= e N+1/4N) ey —1-2/N]
[t {1

{4

5 N=(hA+GCpo)t./CpeW x=t/t,

Table? Values used in Egs. (12), (13) and (14)
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N

If

300keal/m? hr °C (at U=0.77m/s) [6]
= gD? (Hy+Y)=3.14%6.7x{(5.5+¥) [4]
(hA + cha)tc/cﬁﬁw

f6]

C+0y—C0O; (4H=--94400kecal/kg —mol} [8] :
250kecal/m? hr °C (at U=0.6m/s)

3 Cps=Cpp=0. 24keal/kg K [2]
 myy and W—experimental conditions

; t,=measured value

s x=t/t,
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Table] Experimental conditions

Bed

Sand

Density =2670kg/m?

Mean diameter=0. Tmm

Bed weight=2300gm

Static bed height=5, 5cm

Initial bed temperature=1173k

Minimum fluidizing velocity at 1178K<=0. 24m/s
Char

Coconut activated carbon

Initial diameter d;=1.83mm

% moisture 0%
% volatic matter less moisture: 4,5%
% Inherent ash: 2.0%
% fixed carbon: 93,0%
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A : heat transfer area (—rD*(H,+2Z3), [m?)

Ar : cross-section area of reactor, [m?)}

C : molar concentration, [kg-mol/m?]

C, : inlet oxygen concentration, [kg-mol/m?)

C,: oxygen concentration in particulate phase,
(kg-mol/m®)

C,:oxygen concentration at char surface, (kg-
mol/m?]

Cpar Cps » heat capacity of air and, bed respect-

ively, {keal/kg - K]

D : bed diameter, [m)

d diameter of burning particle, [m])

d; : initial char diameser, (m)

d, diameter of sand particle, [m])

E : oxygen diffusion coefficient in particulate
phase, (m?/s]

G : mass air flow rate, [kg/s)

g gravitational accelaration, [m/s?)

h:bed to wall heat transfer coefficient,
(keal/m?.g- K)

4H ; heat of reaction (C+0;—COy}, (keal/kg-mol]

H,; : static bed height, [m)

ks : combustion rate consuant, [m/s]

m; ¢ initial charged weight of char, (kg]

N : ratio of heat capacity of removal to bed (=(4A

+CpalG) £/ Cps W,

#, : initial number of char (=m,/(zp.d:%/6),

7 : radial distance from center of particle, [m]

T: bed temperature, [K)

Tes Twax: bed temperature at ¢, aud f,,., res-

7 pectively, (K]

To: initial bed temperature, [K]

t, foy tax - Time, burn out time and the time when
the bed temperature becomes maximum,
respectively, (s)

U : superficial air velocity, [m/s]

Uy i minimum fluidizing velecity, [m/s]

W : holdup of sand particles, [kg]

x : reduced time (=t/f,), [—]

Y: expa'nded bed height, [m]

_ Z:number of transfer units,

0.+ carbon density of char, [kg/m?]
bg © air density, (kg/m?)

p, . density of sand particles, (kg/m®}
#air viscosity, [kg/mes]
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A New Particle Size Distribution Apparatus Based on

Unbalance by Centrifugal Sedimentation

Al

Masafumi Arakawa

B R

Naohiko Yazawa

FExX* TR OB AR B
Gen Shimomura Akira Imamura
R E e T E ks

Noriyoshi Kaya Hiromi Kitai

Absiract

A new apparatus for the measurement of particle size distribution based on the unbalance
caused by centrifugal sedimentation was made on an experimental bases. The size distribu-

tions obtained by this method with a constant revelution of the rotor were compared with
those measured by other methods using the same sample.

Furthermore, in order to shorten the measuring time and expand the measuring size range,

some additional attempts were conducted with a linear acceleration followed by a constant
revolution of the rotor. They gave similar results of size distribution to the measurements

at a consiant revolution,

EA WM&

BRI LB 0 — 72 D7 LT A GREESRIE & 1T D T LB R 3l L, ZOkkE
FR TR © % & ML S TR & e R £ B MRS & b L7,

X bic, MERmMEZEL L, AEGHEEAT 20, BRI EEEE s ¢, Fok, —ER
Wi o HE RS, CoHERFEEECORME BT 2 L, FUMERERELRS Z Eibbh

=i,

1. UL &SIC
PSSR & £ E R A RS B,
Z05 b, b RIRMEAR O BRI ARILRRIE D 5.
O ORI T, #hCToRE 2T 570, H

* U TR R R 2 T AR

(606 HEbT A T AR I I i )
Tel. (075) 791--3211 (%)

R R
(T160 HIFHEREHME2—4—1 WHHENS E )
Tel. (08) 3498922

AR AN S R S
{578 AW IBHLIT1-0)
Tel. {0720) 67—3721

No. 29 (1985)

HicHez T, BOHEEFICNL, BOEET S RT R
Bl LR RE L, ROEBED SHEAMNERD D H
BBV BT S,

LaL, ZoFETR, HEEF7 s Ricis
L, EOEEBEErRUkDEES T L, £, BB I-
TR 2 EBREORHM G PREE LT 5,

FIT, REEEICHDS, FLREE LTHTO
M R S HLOBERRIN L, hk DRES iR R
BHAHIFEPRBELTHDD,

TR, ZoBLEHERHNL, ara—-2EF
AL, BicRiEmmE T o ERRHEL, MESNE
BELEDT, 55,

Eie, HIEMBEZET S HAT, BLIE5Lbe—
2 oERE, HERE & b BnE ST, BRI
EERITA S HEIL2WT bR Lk,



2. MEFH*E

- R U e e ic BA L, ElEw — 23
ELH, n—20H8EVERD,

EOH, v—-FEEESED L, BT EBOTREL,
B ADELPEET S,

ZOELEER ¢ 2EEEBIST, T AT Akl
LAt iut, RO L3 7 35 v A Bo ik
MRS,

HEE o OBLABIZEBNT, Bk r olTigt
SEEH A, wRTREh,

dx _ 2 {pp—pg
e ( ! )maax (1}
TIT, oplBFEY [g/omd]

o HimERE  [g/cm?]
#r BRAREE [g/cmesec]
% MEHEOE [om]

Thb.
(1T
K=_2 [Pr—pr
2 (e ) 2)
LRE, =0 icRw{ x=x;, LT 5L
_E e Ko
In % Koyt {3
x:x‘-g!ﬁuzrat 1:4}
L5,
' Liquid
surface Ceall bottom
DHERE .: S
TR
] : : : ._: =0
= NN
f— %, ———-——-\\ \
- X N
\ A
LA \\ -
\ \
\ \\
\\ \
1 \ \
\
A
1=t
"
o
Interfaca between supernatant
. | and suspension
n I

Fig. 1 Eccentric distance caused by centrifugal
sedimentation

¥ AP CORT M X2 BSOS, Figd
DEH, 2OLHTTELS,

a) Ki~%y BICE—C 576 LT % BFosaeitid

i kD ELBE)

b)) xo~x; B B BRI ORI S HOBE)

LiC 2) oBLBEEEY 0 D) CLBLOE 6 &
+5,

EEREAOER M, L A RO REmM &1 5 X,
X~y ST HRLTEE m, X

Tp—X;
M= "y {5)
%o

PO BELEEE 0, BLBEHROBEER o L4
L,

—_ Fit+Xm opr—0r
) eoMmma(————Z-—) (T) (6}
elem,,x,,,( 'OP';;'OL ) i)
BITIE Y
g g e | X% N[ 0P 0L
=0 —Gy=-rt (——"2 : )(———pp ) (8}
‘1’5;,»:.'.]5‘;53 E4 7536 X 3‘:73; ‘Efﬁ?ﬁ ¢ T’Hﬂ%’ﬂ'% k%,
Eyy= K080 {9}
L,
Ep—2y= (1 —g-Koirit)y, an
fEoT
_ (1._g—Km2r’2t)xm
Ma= Fm— X0 " (1]5
—m (—g—Horih2x,? [ pp—pL
e
Lins,

"“'ji: Xo—~X; ﬁ:ﬁh’;ﬁﬁ_ﬂ‘éﬁ%g% my J:T'Z) ":.
MHELBEE, BOBREROBEEE o) ¢ LT3
(E *

WM&m%ﬁ%ﬂKﬁ%%l) ik}
e/ M= mb(——x"‘;x“' )(%) w

T2 a0 b, BELEEEORTINEEE, BRNS
DREMETH S,
% k%' Loy, @k

xu’ :xugf{rﬂwzf {15
DOEHENRS D, ZhX b

Ep=81—¢&
i E KTt — 2, — 50\ (pp— oy,
= ) ) e ) 18

ZIZT, my bk, RATTRERS,

— Xi—Xo

mb~m {1n

o a e, OREARALTERETE L

— 22 — ) T



e"'_M( ep— .GL)
(gi{rﬂm”t_ 1 g~ 2Bt — g 2)
2(xp—%0)
o -4 EROBOGBEE ¢ X e=6te LD, 1309
Al

5=%(_ep_—_£,g

(gxrzwzt-—l)(_x 2g— Kr"'mgi_xnz)

Z(xmﬁxﬂ) ‘:19}
— B BSEIIC BN TY, v-s o KR M,
FoEE ¢ Bk, v—2EMbaB0N P i

{18

P=w?Me 20
TS, Me i P L—ReBBRAS D,
U=Me {21

T AT VRBRLEED.
T, Fig QBN T, 20T v 5 AR,
b XdicEr, B Mogefifn—stBREmD
B SR R ofiimby, 7TrATrRiEEs
kR,
=TI @
TR ah, FAEECHT AT AR LD
— op—pL
U(_t)ﬁm(——p———)

(gKrzm“tw1)<x 2p—Krtuty 2)
Z(Wm—xn)

m M
(@) O]
Fig. 2 Equivalent unbalance on a rotor

Cem& aha, (HL, e=e E5.)

v — & GEEL ) =7 Il S s, —Rbe A
HE o ok, EEERER,
o=+ at o
(B, wo kLB YIS,
.mx' Krﬂ( i3+awut2+m02t) )
X r
T ¢ et
L, Zz7,
. @
r=Kr? (é_ta 4 gt —+ &ant) on
ThD,
No. 29 (1985)

— [l T 5 ) T Blatied 25T, DR TH,
E2OT AT AR UK, LD
ol pp— oy {eT— 1 {xute T — %)
U(r)wm( — 02 g

20X —%0)
>T, o—EEEGE e, TomiE f tidd
t=T,+t, {9
%, TrA7eAR U, Ko kdicrEh,
U =U(T )+ Ul B0

U(Te) v, BN
U(T,,-)zm(—‘?w‘";pf‘)

(eT(Ta)——l)(x,,Eg —1(Te)— x4%)

2(%m—%0) &0

T
W L= K LT tamn i +ofT.) B

Thb.
—iE R (R 4 TR,
= or—pL
Uty =me(-LE=- Lk )
(ofriutts 1) (0 ~ Kriatle— 5 %)
x 2(.96,,,—36,;) &
DI, X b =T e BNT, wARTTRITAEL
+ 5 MBI E RO REMETH D, me [LERIEY
Bl A B IRE L Toii T EETh S,
%, W b2, B, BBt TR BHD,

%= Xqe™(To) )
W= M 7 {8A)
Xm—%

2o a ik =T v T R EARLTFD
=0 BT AUBETLHS,

xu’:xme'_"(:r“) {36
A A LT
PR 7 ik 1 o
KXo

67, BYAkb, U &

)= xpe—To)— *o,, (pP .GL)
: Xm— %o Ap

(ere—1){anle—To— e Te)) oy
z(xm—xng'r(TO))

X

7= Krtp X, 29
G, w =T, LT AEEE o ThH5.
9, 08, Be=lden, —HRic
Uy=mAlr, ) i)
LEEMT B LWTES,
=0, B = BB, 7L AR UED
Fakih, HRTAR 7 O 4 KB H Al L) BE
HTREHTR L



Uk =Dm Alry, 1)) )
TREND,
Hits, WFdi2® ry, vy 0B+ a0 &

Alry 21), Alra, 1), e Alry, 0y UG
A(ry, ), Ary, £5), oo A(ry, b)) [ {my Uity)

Ary )y Alry ty) e Alry, tw)/ \my, Ult)
7]
L.
e, WEOBITFIEMRL Z Liz kY, M Dp
(=2r) DEE m; ke bR, BESHSIETE D,

3. MEEE

Fig. 3 iz i B oM &5t

IR, ARSI FH-214G & 0o
L Fig. 4 kRd e —# 22BN Si st
o Tkva,

Fraquencv convertar

[
[

afii]
mm

Balancing machine Digital voltmaeter

[j D/A cenverter

Paralell intetface

D Personal computer
H %= plotter

Fig. 3 Measuring system

Fig. 4 Dimensions of the rotor and the cell

P=Mew' e . Eccontric distance
Rotor
Spring k D
Bearing e
M

F
©

Pick up Puiley
“y
Tachometer
Measuring P Motor
eireuit X="rcos wt U=Me

l Micra computer
v

Fig. § Block diagram of balancing machine

HIEIO RIS Fig. § (5.

ZOED N —F & L FRERBRTIE, v —F IR
5 REECEREY 5308 AR ER K s
BTOEEL, RO F k38R 3 o7 4~
D SR i 11 P

—H, v—FOaHEEEE L, MEEE~
<,

HIEEIRE I, BIE 2, ~A3EERK AEFwer s,
TrAG AR UEREL, BEESLLTHITS.

BRI &SN T AT e ARICHIET B,
BEFERFEF s DAL A—sE2SLT, BCD a
—FF g PHNEHICERL, BRES 4T
WY, SV parila—Fe VFAF A4 LT
HT 5,

N=YF A~ STk, AALIT -5 0%
BF 2L, EhedibtsmEF—s271v% 070
F o Ay BERAERL, MERTSR, RN 25 0%
HEL, BELET L35 02 BF 2 b, WENH
EHEL, X-Y7 o 37V oy ~HAT 5,

Ry Fpa e —Fik, NEC# 16 bit CPU &
BfasER LS] &8> PC 9801 ®{EH L.

gD, Ay n Yo —sl3F—s AT
&b, D/ABHRBERLT, w—7oREEEH
W5 mEE s A BT 5.

RS, Wl TOSVERT-180 # Blv,
—~ TR o e = BORRHE S, 815F
Hhoo [EliEE & R 5

M, AR A L oS & BB S fRERYE, 0. 6am
THY, GRMHE L HMEEL 8 mg BETHS,

SEMRERY, EAAEAERIC AT, AT 3 ot BTI0
mi B, HERCHR L, v — 4 0oWte - REEL,

— 24— # i



HIEZAS.
4. RE#H R

MIFEIE, [EEEC 1300, 2500 r.p.m @—TEEEE L,
Or.p.m b, 3000 rpm ~ Fig. § ORfzitn,
U LT E LB EEERE TS 3 R THIE L

) 30 T T
g 2500
a

£ 2000 F

1000 |-

Rotation speed N

¥ !
v

1
0 60 100 450 500
Time t [sec)

Fig. § Variation of rotor speed-Linear accele-
ration followed by constant rotation

U =7 s~ L B, JIEREoE
Wbk, RSB RE HNE LTHE LD
ThB.

—E RO e B B 7 5 L R EOIR RO
W% Fig. 7 owt, :

2O T, R, Rl gt o3
T ARICHT 2HEELE [%] &L, TeAF s
ABRBEFZERIC LY, [gemm] OBEE R,

Fig. § vk, —EIER B 5 R—30 4 B o R
Frlicho T, FRELHRFN LLLOTES.

FEEE R DD, —ihAT v E3obiiniiRe g
ATS, '

PEHARRE, B EIEE,
Fig. § {oRd,

TR kS b, WEREAR b ER R L,
AR, X OBELT, EbMeviiRe S

SFitaeh & o MIEHE &,

100 T t T u Y
Talc #2
50 W =0.896g .
‘;‘ Pr=2,73g/cm’
£
g 0 ]
£
a
a
Z
& —-50f
]
o
1 1 il Il 1
4] 600 1200 1800 2400 3000 3600

Time { [sec]

Fig. 7 Sedimentation curve of the unbalance

No. 29 (1985)

100 T T T T8y
/'

8o} ﬁg% -
ol ¥ _
® g0 ," Talc #1
e "E N=2500rp.m.
% a0} - ¢ 2| Nod | A
E /'/ o | No2

0| Nod
20 “
E' ¥ i Nod
0 /.I ) ] 1 1 [ 1 L i
0.1 2 3 5 7 1.0 2 3 & 710

Size D, [#m]

Pig. § Reappearance of the measurements

100

@ | This method

n Sedimentation
80 H balance

& | Elactric
resistance

Phato
6010 extinction

Tale #1
40k e 0

Undersize [%]

10

1 ] 1 L [l
5 710 2 3 5 7 10
Sisa D, [p#m]

Fig. § Comparison of measuring methods
230 LT, BRI toPlE SoTe
5,

Z O, BRSO vy LOBE G, [AHE &

SRl HIESEHC R LS, ek A o Rk -8
xBh5,
HEdiEodcr B e LT, U =7k, —EE

B 5 r— 7 TOHEEROME Fig 10, 1159,

HIFESWL L L CRER D v AR LT vy DR R
Avr,

Figs. 10, 11 Cik, ¥ = 7 i SREEESME &,
By 7y 7 CHRIHTE BIIENNE (b, BEREK
FT+a0C, o—XEEEES 1000 pom ICELAE
kb, HiEEE = L Ea—g I ANILE,

EERTOMGE Y, V) =7k ERE T 5
CiEEd, MERESEL - TWa, Bl X v ke
oA yRCFErRbEEO0, A5V EREETS
L, BIERCEESHERLTWE L ELHND,

fris, V= 7RO E—EEE L+ 3 HER, Fig.d
R LB A MR U, SRR X 01T R o /e,



100 —
) Caleium earbonate é/g
Bo.+ /
) .
= B0 i
]
T [u/ 0 Constant
g rotation
z 0. D} 26007, p. .
& () —=3000r. p, m.
20 ? /
Ve
&0 L, l_ L I 1 ) 1.1 1
61 .2 .,3.4.5.7L0 2 345 710
Size {zm)

Pig. 1) Comparison of the measurement
in the case of calcium, carbonate

loo - 4l

-]
(=]
[
=3
=M
o
+*
(3]
"?

—~ 2]
R
= 6o ?/
- :
N
i ff/
g i s ¥ + [0 —+3000
1< }. P 3500
o L 3 E 1300
Ve
B
D b ol 1 1 | 1 1 i 1
1 .2 .3 .5 1.0 2 & 5 10

Size (pm)

Fig. 11 Comparison of the measurement
in the case of Talc
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A(r, &) ¢ coefficient of the matrix [mm}

@ : constant acceleration of the rotor
speed [1/sec?]
D, particle diameter [em]
2 . eccentric distance [em]
&, &y ! initial eccentric distance [em]

e, ¢’ . eccentric distance after

sedimentation [cm]

K constant for a given measurement
[gec/cm?]
k! spring constant [dyne/cm]
P centrifugal force [dyne]
R equivalent radius of the rotor [cm]
v particle radius " [em]
#; : radius of a concerned particle [em]
T, : interval of constant acceleration [sec]
t: time ' [sec]
t, ! time of constant revolution [sec]

U(t) ! unbalance [g-mm] "

M : total mass of the rotating system [g]
m I mass of particles in the cell gl

M, : mass of particles located between
%; and %, at =0 [g]

w1y ¢ mass ef particles located between
% and x; at #=0 fg]
. : mass of particles suspended at ¢=7, [g]
x : position in the radial direction [em]

%; ¢ position of the particles to reach
the cell botom at ¢=¢ Tem)
%, + position of the cell bottom [om]

%, © position of the surface of suspension
Lem]
%’ : position of the boundary between
the supernatant and the suspension [cm]
g, 8 displacement of the center of gravity

[em]
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2+ viscosity of dispersion medium

[g/cm sec) BEXH
oL ' density of dispersion medium  {[g/em¥] L) sk, It c RFerE, 32, 823 (1963)
pp : density of particles [g/cm?] 2) =8, T TEEREHO- 0 by po6e8 (1976)
@ : angular speed [1/sec] 2
@y ¢ initial angular speed [1/sec] 30 HJU, CFRMb Bk, 83, [372] 1141 (1984)
@, : constant angular speed [1/sec] 4) BN, Tk KONA, (2) 36 (1984)
7., 77 non-dimensional variables -1 5 N, FRG - B Tae4dh 21, (12) 768 (1984)
% amplitude of vibration [cm]
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Relationship between Mechanical Strengths and
Solidified Forms for Sulphur Melts

BEE m* i R
Isao Sekiguchi Hiroshi Nakada

Abgtract

Sulphur melt by-products obtained from peiroleum refineries are solidified by the existing
sulphur forming processes. These include: (1) formation of well rounded and uniform sulphur
granules due to the layering particle growth in spouted bed spray granulators (SP), (2)
sulphur prills formed by prilling instalations such as air prilling towers (AP) or water prilling
vessels (WP), (3) flaked or slate-shaped sulphur products solidified rapidly on the external
surface of drum flakers (DF) or steel belt flakers (BF), and (4) irregular-shaped products
crushed in the size of ultimate particles of the mass, after naturally cooling to form solid
sulphur in a suitable vessel (CR). The sulphur forms outlined above are abbreviated in the
parentheses.

The investigation has been undertaken to evaluate the strength properties of sulphur forms
because the generation of sulphur fines which occurs when handling these products causes
severe problems. In the compressive strength test of stress-strain relation for heaped beds
of sulphur forms, irregular-shaped and flaked sulphur forms (CR, DF, BE) are coasely broken
as compared with spherical ones (SP, AP, WP). The failure of these forms, in drop strength
tests, brings about the degradation of smaller sizes, and especially hollow prills (AP) and
thin flakes (DF) are easily broken. By contrasts, the friability of thin flakes for abrasive
strength tests is less than that of other forms, while irregular-shaped and thick flaked forms
(CR, BF) tend to show excessive wear,

EEBmR

HiFE M R4 T S EMME I A OB CEBL SRS, ThabbUEKER 7 —EsEC £ T
2K bRSERIRE (SP), @7 « SV o7 (AP) Rk v a4 —4 « 700 L8 (WP bm
P EFOHRGE (FY ), QNS a7 L—b— (DF) kit as—n~<rh (BR) icks7L—
2RI, B X UEBROERER ® BRI, BN iE Ui EEFERIER (CR). O lo@ie
BEREWOEE T bR BERLME LR, ok BSEMBEESEn > 1) o ol LTk
BRELSLTWOT, O TR RSSO (EEE RS A OMERRES -7, MEOER
TETSHEIC B L7 R L Lo IR S TR D o 72, 0—F BROIEEIRE 0 REATGIR E 7 L — 2 B
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() Steel belt flaker

(¢) Drum flaker

(d) Air prilling tower

{e} Spouted bed spray granulater
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(£} Water prilling vessel

Pig.1 Schematic representation pf{ different sulphur forming methods.
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WL, ZhEREREA T —REE, 77 eibnE
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FRNIREOR T2 A, AP LT3,

(5) MERBATL—Ehsk

R =R E SRR RS L - THETRE 2
LTV AITEERR -/ LT, 2 A0 bR
WE L TRECHRIRE®EE-S 5. ZouBle SP Lt
A,

(6) Da—F«FuuwoHn

B G B o, BEETD ok i B R
BEEEET LCakiic B #1979, Z ofblidiaaic
rhegog TS A, WP 145,

Pl bo BB AR T~ CanEilic 7 3
BB T - ¢, MEEDR00.50~00,00% (HE) Th
B, Zh B0 RMAHEE L ZMER: Table 1 2Rkt %
To, BESFHIZ TR 744 50 (JIS Z8801) ok
F& Table? [Z75t. 7-7°L, BF Gix 5.66mm L

DREDFENC-VT 2 F 2 TR R D, ok
T4 DEBEICEDER. CR Tk E nFkORM
HERRE ORI LICREONE ¢h 5, Fig. 1RE
BoORBLIE 21T » LBEOREEZRL, 7w v 2 R
(CR), #FE7 v —> 0k (DF), BEE7 L —2R(EF B
T Uk (SP, WP, AP) @SS H 5, ‘

3. BREESIERE

3.1 HEREE

WaaE B L LT Fig. § 3 FEERERREE o8
EEaT. PR 88 (mm] oy L & —@Re R h
Er) o #—Dek73 Yy —DR L - CHEHShS.
077 Yy —OBETHENL 0.08(mm/sec] Th 5
FERRHC 0 5 BRLR o B0 I 1 R R B & ST
FHvy, ZhliRBHEREC W TR Y v 4 —TFE
D e — = -@®ICEE L ERE AW CRIET 5. &
B, HNOHRET 1 o EEREofEn L4 e E
v PREHNS,

B RERE O 1 0 L LTH THERREE Iz B
T H A e TSR ISR (GO08) Iz 8EY T, HE
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Table| Properties of sulphur forms (True density: 2,229 [g/cm?))

Sample CR BF DF AP SP Wp
Apparent density [g/cm?) 2.007 2,183  2.183 2.060 2,102  2.090
Porosity -] 0.069  0.030  0.021  0.072 0,057  0.083

Table 2 Size-distributions of five types of sulphur forms

Size interval | Midpoint of Weight fraction [(%]

of diameter size interval

%, (mm) %y [(mm) BF DF sSP WP AP CR
50.8 —101.6 76.2 2.0 — — — — —
31.7 — 50.8 41,3 8.7 — - - — —
15.9 — 31.7 23.8 49,5 — -— — — —
9.52— 15.9 12,9 16,9 — - — — —
5.66— 9.52 7.69 9.5 — 35.9 2.3 - 35.9
4,00— 5.66 4,83 2.5 8.8 63.0 20,6 — 53,9
2.38— 4.00 3.19 3.9 28.7 10.7 39.2 8.9 10,7
1,68~ 2,38 2,03 1.9 58,6 0.4 3.8 28,7 04
1.00— 1.68 1,34 3.3 3.9 — 18,4 58.6 —
0.59— 1.00 0.79 : 1.8 - — 5.7 3.8 —
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(d) SP

(e) WP

Fig.? Photographs of solidified forms for sulphur melts,
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Fig. 3 Schematic diagram of compressive
testing equipment,
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Table 3 Effect of particle sizes of spherical sulphur forms (SF) on L, 7, and og*

Size interval Midpoint of

of diameter size interval a¢ [Kg/em?) Pr (Kg) L [(Kg] B./L (-]
%5 (om) %y (em}

0.566—0.952 0.759 7.40 0.770 4.03 0,191
0.400—0.566 0.483 8.50 0.310 1.83 0.190
0.238—0.400 0.319 9.58 0.130 0.71 0.184

* Pe i average compressive force required to crush a constituent particle in a given

packing of sulphur particles.

L i compressive force of a sulphur particle at when the failure occurs, that is L=

7.0%%,.

g¢ . compressive stress at the point of discontinuity as shown in Fig.7.
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The Effect of Temperature on Adhesive Force of Some Orgénic Powders
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Table{ Physical Properties of Sample Powders Used

Average -Sur(fﬂff} P)xrea Particle Melting
Sample Particle Diameter iir Densit%/ Poiglt
(pm) Adsorption Permesbility {g/cm?®) 0
Methyl p-hydroxybenzoatet 26,72 0.495 0.291
Methyl p—hydroxybenzpate** 80,0 — - 1.58 127.0
Ethyl p-hydroxybenzoate* 3L.0% 0.352 0.335 1.28 116.0
Butyl p-hydroxybenzoate* 19. 7% — - 1.28 £8.0
Buiyl p-hydroxybenzoate#* 116.9® — -
Sulfadimethoxine** 83.0b — - 1,42 202.0
a) centrifugal sedimentation method * tensile strength method
b) microscopic method # pendulum impact method
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10 : Transformer

Fig.1 Schematic Diagram of Apparatus for Messuring Tensile Strength of Powder Red
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1: Impact tester 2: Pic-up for impact acceleration

3: Measuring eell  4:Impact hammer
5: Controller of impact tester
6: Charge amplifier 7: Synchroscope

Fig.3 (a) Schematic Diagram of Apparatus

for Pendulum Impact Method
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Table 1 syBim# & TR B

Material Total Weight of

(25g mixed with No. of weight spheres % Recovery

-25g of spheres of passes recovered recovered of spheres
the same size grade) () (g)
Irregulars 10/18 2 49,91 24.99 99,06
Irregulars 22/30 3 49,69 24,04 99.76
Cylinders 10/18 3 49,78 24,92 99. 68
Cylinders 22/30 3 49,95 24,97 99, 88
Flakes 10/16 2 49,86 24,93 99,72
Flakes 22/30 3 49.54 24. 96 89,84
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