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IIIIDREIICAL AND EXPERDTANIA1 RBSIARCII ON OCCIJiR&{C!
oF sPoN? IAOOS CO{BUSTIO!| Oi COAL Stt 

ly

To.hlto ISOBEI .!r<l (yo.hl ElClrCtI2

ABSTIACT

lnlroiuct.B the htpoLh..l. !h.l the c.!re

of Epontaneou..db!.tlon of co.l k dependtng

on th. accumul.rton of hot produc.d b, it.

orld.rlon, the tuthor. dertv.d rhe eqlatton

expr.sstnS the t.rp.rrtur€ ch.n8. tr r h..P

of fln€ .oal, To .olv€ the eq$tlon, lheto.l

.onduc t tv i t y ,  .p . . r f1 .  heat . .d  ra t€  o f  h€ . t

aene.6 l ion  o f  f lne  .o . l  ( -48  D. .h )  ! . r .

f,srur.d !t e.ftouE r.aD.ratur.. ln the rrng.

2o-6 toc .  Th€ .qu . t lon  $ .  .o lv .d  nuoer tc r l l y

and the  vo luae o f  f ln€  co . l  rh l .h  rco ld  13n l te

s tonr .neou. ly  u . .  . . t in . .ed  . .  rhe  lunc t lon  o f

a6b l .n t  tmp. ta tu r . ,  Udtn3  170 K3 o f  f rn .  co . l .

r€v€rsl .*perlsenlr foi .onftrn.tlon lere

conducr€d,  a t  th .  .mb len t  tdp . r6 tu r€ .  o f  6ooc

and 5OoC. corl be8.n !o flr€ ,pontr!.ou.1y

about  60  and l l0  hour .  h t€ r  te .p€c t tve ly .

In  add l t lon  to  th t6 ,  !h .  o . .6ured

r4perarurer  tn  the .oa l  he .p  agreed r t th  lhe

c . l .u I . t .d  on .s  coup. ra t1 !e ly  ee l l ,  t f

nore voluE. of f1n€ coal u€r€ !3.d, erP€r&.nrir

3ener.tion of 3ponta..ou. c@bustlon fro'

.  Io {e r  tdpera tur .  6ho!1d  be  Dora lb le . l so .

pr.c. 6t 3O-4Ooc tn D!..ttc.. lut th.

r@peratur.. conrld{ed ln Pr4too. ltrv..t1a.l-

lon. h.v. been !bo8t r..trlct.d to ht8h.r r.q...

Tt. purto... of rh!. p.per .t.:

(l) rn.or.!lc.r .rly.t6, th.t t. th. Mth.ut-

lc.1 qpre6ato. of thr .potrttn.ou.

c@bu.lior proc... ln . h{p of flne .o.1.

(2) N@.rlc.t olc!1.rlon of lhe t@Der.tor.

ch..a. tn lhe h.ap .nd th. .!t!o!t6h of

th. vol6e. of ftn. co.t,hlch ,tU l8nlt.

lDo.r.neou.ly frd pfucttc.l und.rSioutrd

(3) b(t.rloentar confllutton of th. a..upttotr!

.dopt.d by prcdu.lng .Dont.n.ou. corburttotr

of corl nor r.r fr6 pr..t1c.l lndelalound

rap.r6trie. I1r1. ltudy rtuld h.lp bt.lc

und...r.ndtna of .ponc.n@q. c@burtto.

phe!@eu 3nd p1.y rtr bport.nt tol€ ln

rn€ dd.lopo.nc of th. oethod. or

preventlor, ally d.t.ctlon .nd .rr..t of

.Poar.neou6 coohu.tlon of .orl.

IIIEO*ETICA! A?PROACII

The oatn c.!.. of spont.neous coDbu.tton

ts co!.tdered to b. lhe &cletttlon of b€r

1n the co.l hap and tnrt tne 6.tt 1. a.nen.ed

by .dbtMiton of co6l 6!b.t trc. rnd oxyge!.

u31na the  .16p1e6t  @del ,  ( t tg .  l ) ,  therDa l

!.I.trc€ 6!d oly8en hal.nc€ tn tbe hep ot ttne

c@l *e lnveatl8.ted. h th€ folldltrS

lnve6ttaatton, tt t..6a@.d that taperctlre

INTIODUCTION

Seonta otrs .dbu.tton of coal tale5

rProteaaor, oept. of xtotng

Untver.tty of liokkltdo
2Asstst.nt Plof e.6o!, Dept.

E.aldertiar Utrtv.rstty 6r
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. o r .  . t ! p l t f 1 c . r 1 o n .  o l  r h . . r  . q u . r t o o r
r s . t  b .  c o n . 1 . l . ! . r t .  A t  ! r ! . r r t !  o i d . r  ! o
. 1 ! p l l f y  .  q  !  .  r  t  o  n  (  1  2  )  ,  r  h  .  h . . !  r E . n . -
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. 6  r u c n  r t  ! o r  r . ! p . r . t u t .  r . r a . , t t .
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t h . r r a l  c o r d u c t l v l t v

a lo r t t rg  n1 t roa . t r  t l r ro !ah  rh .  cy1-

! n d . r , . n . 1 . c t ! t c . u ( r . n t  l .  ! . o t  . o

n t c h r o t r .  v l r .  e o ! n d  o n  r f i .  v t n y l  . h 1 o -

r  t d .  p . r a o r i t c d  t I p . (  ) . A r r . t . r r . t n -
. . n t  o f  t h .  t l r . t ! . 1  . r . t t o n r ! y . r . t . ,

t h .  . f f . c t t v .  t h . r . . l  c o . d ! c t l v t t t  o l  T r b l . 4
l r t .  f t n .  c o . 1  c . r  b .  o b t . t n . d  b y  t o 1 1 o , -

3 rtl..trv. ri.dr bnductrvriy 6{ 6!,pr.
I  c . r 'd - r . . c '1d .e ' r  ,

ltl.ctlv. m.n.t c.ndlorlvlt, o! t.!ol. h
t . . r  .  € . { . . . . . (d . !n  I

t br. 3 lll.otlv. r'l.6.r c...ructivrty ot !mpr. .
t . . t , .n - t . .o  - I  d . ,  n ,

"-z;di1$tr|
w h . ! e , 1 . : t . r D . r . r ! r .  o f  t h .  l n n . i

. u r t . c .  o f  t h .  c y l t n d r t e . l

D t l .  o t  t i n .  c o ! 1

T !  r  t . r p . ! . t ! r .  . t  i h c  o ! t . !

. o t f ! c .  o f  ! b .  c t l t . d r t c . l

p  1 1 .  . l  f l n .  c o t l

I  : l . n t i h  o f  t t .  c y l l n d ! 1 . . 1

p t ! .  o f  f l n . . o 6 1

q  r h . ! t  s l v . n  h y . 1 . c t ! t c

. r c h r o r .  y I r .

.  : t n . t d .  d t ! t r . t . !  o r  t l r .

c ) , 1 t . d r t c . l  p I l .  o t  f  l r .

c o . r  ( 1 h ' )

6  ! o u t . t d .  d t . n . t . i  o l  ! h .

c y t l n d r l . . l  t t 1 .  o l  f l n .

c . r l  (  1 0 0 m )

! n  t h t .  6 . . . o t . i . n t , e ! 1 o . r  o f  t . -  r b  . r

t h .  D o r t t l . . . . l  ! 2 r ! 5  . r d  L 8 . h o s . a

B o o d  . ! r . . ! . n t ,  ! l t . t . l o r .  t t  v . .  . o . -

I t t r . d  t h . t  t h .  c y ! t . i t r t c r l  r l l .  o t

f t n !  c o . 1  ! t ! f t  b .  c o n ! t d . ! . d  r .  t h .

c y l t n d . r  h . v f . g  l n a t n t t .  l . n g t t  r n d  t h . t

n l t ro ! . t r  d t f lo r .d  u . t to t ! .1 t  rn to lah  t i .

i t n .  c o . l  p t 1 . .  R . ! ! l t r  o b t . t r . d  ! r .

lnorn  tn  rabres  l !4  end 5 .

( 1 8 )

drt.d co.l .rtrple ! lnd b, .nd v.c ntlros.n (752

r.krtv. hu6ldtty) .nd/o! tlr r.re !..d for non-
drt.tl {iplc c $1tr8 rh. h@tdtfl.!(c) .! rhoh

O r y B . .  t n  t h . . 1 r  ! . . c t .  e l r h  f 1 6 . . o r l

. t r d  t h .  t . 6 p . t . ! ! ! . . 4  r h .  c . n r r . t  ! . t !
o f  t t .  c t t  l n d r l . . l  p 1 t .  o f  r l n .  c o . l
t t . . .  a t i d u . l l r .  l t t . r  r . v . . . 1  h o u r . , r t
!  t  t  .  t  n  .  .  .  t  .  t  I  .  n  .  r  y  .  t  !  r  .  ,  .  n  d  t t . n  r h .

t . i t c r ! t u ! . 6 t  r n .  l n t r . r . ! t f . . .  o t  s h .
c y l l n d . !  t .  r . c o ! d . d .  t . ! t c  . q u r t l o n

d . . c r l t . d  . t  t i i !  . r . r l . n i r t  t . ! p . . . t ! r .

c t n  b e  d . ! 1 v . d  f  r  o  !  .  q  u  .  t  r  o  .  (  r  7  )  f o r

c y l l t r d r t c . l  c o - o r d t . . t . .  . !  l o t l o v . .

x . r . { ! .  i . n t  o l  h . r t  r . n . t ! t l o .

t l ' . t r  te rp . r . t ! t .  o f  th .  rho l .  cy t -

l n d t l c . l  p t l .  o f  l l n .  c o r l  b . c o r .  ! n l -
fo r !  a t  r i€  t . i t . r . t ! r .  o f  t t .  t t . r !o -

. t r t l c  6 . t [ , n l t ! o a . n  . t r . . .  v t 1 1  t .

ch .na .a  to  .1 r  . t r . ! ! .  tn  tn . ! .  . x r . r r -

! . ! t . ,d r t  ,n l t ios€ t r  lnd /o i  t i !  E le  u .€d  fo r

t . r . ,  r c  r d t . t ! n . .

c y  I  I n d .  r

,

r(ffi+-L. fr)+e.-lr-0. . .... ttrr

I t o i  t h . . r 1 !  o f  r h .

r ! d .  o f  p u l ! . r t , e d

A t  l o r  t . ! p . r . r u r .  r . n s . !  t t t !  2 0 - 6 0 . c ,
t t .  t . n t . r . t ! r e . ! c . r d l n !  o t  ! h .  t n n . r

Th6A$. LM.M.llldw..r6 Br6nch,lgnitlons, Elptos ions ..d Fir.s ,n C@t M in$ Svmpolilm.Mav 1981
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. ! r f . c .  o f  r h .  c y l h d . t  5 t r . i n .

. . v . r . l  d . t r . . . . t  r o . t  !  r h . r . -
f o r .  t h !  l l o . . . . t p r o x l r . t t o !

fo r  th .  t . . t  ! .n . r . t ton  r . r !

?.b1. l0 r|s.!rtu- it.. .t rh.

&-il-9,+&r ' .  .  ' .  (20)

q o , r o  '  c o n . t . . ! r
t h l .  r p p r o ; l r . r t o . . . l . .  t r

P o . . l b l .  t o  o l t . l n . ! . l y r t c . 1
. o 1 ! t t o n  a o r  . q ! . t t o ! ( r 9 ) . n d ( 2 0 )

O'+&"-(0,+&'. ).
v.tvf,.lr.(r';4)

.a tt. ctllnn.t

(d'gl

A  f . e . l l . c u r . t o n .  o n  ! h .  r . . u l r .

!-El4!!.{
( . )  I t  h . .  l . . n  . 1 r . . d y  h o y n  r h r t  t t r .
. t f . . t 1 r .  t t . r ! . 1  c o n d u . i i v t t y  o !  r h .
p t l .  o t  l l r . . o . t . n d  t h .  r h .  . 1  c o r -
d o c t t v ! ! y  o f  c o . l  . u b t t . . c .  h . v .  h t ! h . r

v . 1 u . . . t  n l S h  t . i D . r . r u t .  r . n a .  ! i . .
t h o . .  e h t c n . r .  o b r . r n . d . r  l o s  t . r p . r -
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. . 1  e l d .  r . ! p . . . ! u r .  ! . n s .  l ! t . 0 - t O O O t .
- ' - ' , l t o r . v . t , . . . t o e n  

t  r  T a b  t e !  ! , 4 . n d t .
t h .  . f f . . t t v .  t h . r ! . 1  c o n d u . t t v t t y  o f

f l n .  . o r 1  c . . . o r  b .  . . . n  . .  .  l ! r . t t o n  o t
t . r p . r . r ! r .  1 !  t h .  n . r r o ,

r . . t .  . .  2 0 - 6 5 ' c ! r h . r . t o r .  r . . n  v r 1 o . .

v . r .  o . . d  f o r  t h . . r l ! . r l . r 1 o n  o a  r h .

c l r rd . !  h . . t  8 . r . ! . t lon .  In  .ddLt lon  to

t t 1 . , t h .  r . . . u r . d  . f f . c r  l v .

t i . r r . l  co ! i l ! c t tv t !y  v .1u . .  . r .
l p p r o r i . t . l t . . r . . r  r h .  v ! 1 u . .
. p p e . r l n e  t n  o t b . r  t c p o t t " 1 0 )

1 1 ) 1 2 ) o n  
t t r c  ! h . t u 1  . o ! a o c t  t v r t t

( 2 t ) t.br. Il ||..t c.n.!.tton by oxra.tton t..r.a-!...n t
I surr. c )

_J,lvi:" ly,t,r'?,)
r h a r . r J O r J l , I O r Y t r ! . . . . 1  f u r c -

Th.  t . rp . r i ! ! ! .  . . c .n . t tna

! . r . u ! . d . !  t b .  t n t r . r . u i f . c .  o l
t h .  c y l l n d . r . n d  t h . . . 1 . ! 1 . ! . a

h . . t  3 . n . r . t 1 . n  b . . . d  ! P o r . { ! . -

t t o r ( 2 r )  . r .  . h o , !  . .  t o l l . e t s a

f.bl. a to9.!rtu. llt. .r t]. ru.t

.qlG. ot th. Cytlntt t
l&r ,

by oryd.tton I c.t,o'|...'l

r.b!. a r.np.!.tuF ir.. .r th. rd.r !u!.4 ot tn.

r , t
t t . r

Th6 Aui. LM.M, lll.w.n. 8nnch, tgnitioB, ErrtGioru.ndF ., in Co.t Mic Symp@ilm, M.v tgat
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. . . n . . h r t  t h . . t f . c r  o f  t h .  t t o e  o f
. 1 t . n d / o !  o l t r o S . n  r n  t h .  r . . t  r t o v  t .
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l i a . 3 .  A .  ! . t n 8 . b 1 .  t o  b €  ! e . n  t . o !
t l t .  f l ! ! r . , rh .  r .c lp rd . t r  o t  t i .  rh -
. o l o t . . ! h t . n !  t . r t . r . r ! r . . . t r d  t h .  h . . .

a . n . r . t r o . i . h o r  f . t r l , y  t o o d  t i n . . r  c o . -
t . l . t t o t r t . r h . r . f o r .  ! r  t  c l . . r  t i . t  r n .
! . l . r t o n  b . r e . . r  t h . . ! b t . n r  t . ! p . r . r u r .
. n d  t t .  h . . t , . n . r . t t o r  c . n  b . . x D r . . . d
b y  A r r h . n t ! . '  f o r o u 1 . ,  t . t t n !  1 o ! . ! t i n ! .
o l  b o r t  t l d .  o f  . q u . t l o r ( 2 2 ) , . r d  ! . r n !
t h .  I . . . t  . q u . ! . .  i . t n o d . . . t p . r . n t  . c -
! t v a r i o n  . n . r B y ( 3 , )  . a . t  c o t r . r . n ! ( A )
r . r .  d . . . r ! t n . d . !  ! h 6 h  r .  r . t t .  1 2 .

- Drt @rl $d dry .t!
---- roth co.1 .n?l .t! ..t!!.t.a

.t ttl !.l.rtv. hqlltlt,

r.r9.rrtc. I rC t
rlt.! |lrt g.r.!rtt.n !tr poiic.d .o.t

r . . !  ! . t r . r . r ron  - ^ . , " ( -# )  . . .  .  r r r r

t br. 12 lpp.r.ni r.uv. or rn.ro, lr.t .nd c6..r.'t lrl

nuu tRtc tL  cALCULAI tO{  o r  r { !  TEr { -
PETATUR!  t t i l [o t  t l t  t l t !  Er lP  o t
i tNE coAt  l fp  l t t t x^ t lox  o r  t [ !
v0Lu as  0 t  F I t { l  co^ !  t { l t ! c {  t { ! tL
tcrtaE sroftailtuttt

^ .  . r . r l v . t t  t . t o r . ,  t . ! P . r . r u r .
c n . n a .  1 n  c h .  h . . p  o f  t t n . . o . l  t .  d . . -
. t r b . d  h ,  . q u . t 1 o r ( 1 t ) .  T t . r . l o r . , , t . -
t i . r  . D o n t . n . 6 u .  c o r b u . t o .  o c . u ! .  6 r
n o t  1 n .  c o . I  l l . . t  r t l l  b .  t o r . c . . ! . o
b t  t h . . p p . . ! . n c .  o ,  t t .  h o r . p o t  v h o . .
c . ! p . ! . a u r .  . r c . . d .  l i n l t l o n  r . i r . ! . t u r .
o t  c o r l , . . t  3 0 0 ' c  o !  r o r . ,  ! o r  t h .  c o n -
v . n r . n . .  o l  r u r . r l . . r  c . 1 c u 1 . r t o n ,
. p h . ! t c . 1  c o - o r . t t n r t . . . r . . . t o F t . d  a o t
l h . . ! t 1 ! . t t o n  o f  c o . l  v o ! ! r . !  r h t c h
r t l l  l B . t r .  . p o n t . n . o u ! t y . r q o . t t o n ( 1 t )

t . l r . .  t h .  f o r r  o t . q u . r l o n ( 2 3 )  l n  r h t .
c."..  i .e-g-r. l :L+l.qI\' t  \ . /  r . r t

-4^

f r o !  t h .  c . n r r !  o f  t h .

M .  r o o  d t t t t c u l r  ! o  o b r . r t r  ! n . l r _
t l c ! l  r o l u ! ! o . .  o f  t t r t . . q u . t l , o n  o r t n g
t o  t h .  A r r h . n t o n ! ' h . . t  ! . n . r . r 1 o .  t . r r l
tn . r . f . r .  rh .  lpprox lu t .  d l t ! . t .nce  .qu ._
t r o n ( 2 4 ) v . .  r o r ! . d  n o i . r 1 . . l l y  1 n .  ! . . d

"...,, -r...+rc./7--".-tr"d7 r,..

+fr r=p)+rc. '"("{). . . . . , ,0,
"t '"r. ,  c.-J-. c.-=!

T  - T .  -  - .E ' n  1 ' n  I I r ,

I

n r . ! t l r  t n c ! . r . n t  o t  d  t .  t . n c .
L r . r r l l  t n . r . r . n t  o t  t h .
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t 0 .  !

t t ,o

! 1 . 0

1 0 , 3
! 0 . 3

! P t l 1 . d . r . . .  ! o l l o , . .

' ( ! u r r . c . ,  
t  )  

- '  
( . q  r  ! . c .  ,  O )

1 -  r o ,  t - 0

T o  ! . ! b t . n r  t e . P . ! r ! u t .

( 2 5 )

'lho A$,l,M,M.Ill.{rru arlnch, tgnhlons, Erpto.ion!.ndFn*i.Colt Mjn.. SympGium, M.y 1g8t

( 2 6 )
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l l r o . t  d l  o f  c o n . t . n a .  e r . . p r  v o l u , . .
- r t c  r p . c t f l .  h . t r  o f  J r . .  c o . r  ( s , P t r )

r ! . v .  b . . n  o b t . t n . . l  r n d  L t r t e d  E h o v . .

A r  d . . . r l b . d  t n  . q ! a t t o r ( r 0 )  ' s , P r
. q u . r '  r o  s . P r € + s " P " ( r - € ) ,
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t h . t . p . c l t ! .  l t . .  r  o f  c . . 1 ( s c ) . 1 r . .

b . t r . c r  O . 2 . n d  0 . 1 ( c . l  ! _ r  1 c _ r ) .

D . n . t ! y  o t  c o . l ( P  )  t s  t n o y n  t o  b .  r . 2
- 1 . 5 ( s  c r  - )  b y  t h .  ! . . r ! r . n . n t  ! . t n !
e . t . r  o r  h . l t ! r .  6 t . c t t t c  h . . r  o f  . l r
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. c - 1 ) .  ! r o D  r n 1 .  . . -

t l o . t t o n r o . 2 3  (  c . 1  r _ r . c _ l )  c o ! r . . D o n d -

t n B  p o r o . t t y  o l  0 . 4  v . .  u . . d  t n  t t .
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t.br. rr a.r.tton b.tr... ro!o.rtt(.t
..6 aP.orarc f..r tL ont

trc.a c.Eur.a t69.!.tu!.-tir cw..

. . i y  f o r  t h .  o c c u i . n c €  o f . p o n r . . . o u !

c . r b u ! t t o n  f r o h  . n  . t r b t . . r  t . t r p . r . t u ! . ,

r n d  t h . !  e v . n  t h o { B h  6 !  v . r y  ! o y  ! r h i . n !
t . r p . r . ! ! r . , . n o u a h  v . l ! r .  o f  l 1 r .  . o . t

n ! y  1 . .  d  t o . p o n t a n . o ! . . o i b u . r t o n .  A t
.  r . . { l t  o f  t h .  t c F . . t  o f . . ' .  c . l c t r i , . -

r l o n  f o r  d l f f . r . n t  c o . l  . . r t l € r , r . 1 . .

l i o n .  b . t e . . n  . n b t . n t  r . r D . r r t u r .  . n d
v o l u r .  o f  f t n .  c o . 1  v h t c h  r o u l d  l g n l r .

. p o t r t . n . o u . 1 y  v . r .  o b r ! t . . d  ' .  r n o * .  r n
F t , . 6 ,  1 h . . .  l t . . !  1 n  ! h .  f i B U ! .  l n d t c r ! .

t h .  r  l l . . t  v o l ! n .  o f  f t . .  c o . l  e h l c h

r . y  1 ! n l t c  ! p o n t . n . o o r l y  f r o !  ! h .  . r h l -

r r . t ,  . r b r . n t  r . . P . r . t u r . .

/--\-T

i : l

! : I

0.1
o 6
0,5

0.n
0.23
0.20
0. !6

S . v . r . l  t . . u l t .  o t  . . 1 c ! l . t t o n

U t r d . t  t t .  h y r o t h . . l r  r t r r t  r . q ! 1 r . d
q u . r ! l t t  o l  o x ! . n  f o r  r . r c r t o n  r t r h  t r n .

c o . !  1 .  r ! ! t l l . d  t r o r  n o y i . r . , ! t ! . 4

! h o r .  t n .  D o . t t b t l ! t t  o l  . . 1 !  l B n i t r o n

o l  t h . . t h . r 1 c r l  t h . r . d  D l l .  o f  J o b . r

, t n . . o . l  l r o n  t h .  . r b t . n t  t . r ! ! r . r ! r €

o l  4 0 . c .  ! t ! . 5 . h o v !  r h .  ! . l . r t o r  b c -
t r . . n  t h .  q u . n t l t y  o a  t n .  r D h . r t c . l

r h . t . a  p 1 I .  o l  f t n .  . o . l  . r d  r h .  t . ! r ! r .
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t h . t  r o r . . r o ! n t  o t  l t D .  c o . l  t .  n . c . ! -

d l | ' l I ' d . r i g * r b n . ! .

Th. Au!. 1. M.M. lll.s&a Branch, tgnnid., Erptosi63 a.d Fn6 in Coat Min$ Svnpoiium,May 1981



T . I S O B E  6 d d  K . I I I C U C E I

r o . . c . i t . t n  t t r .  o r i t l t r  o t  t t r
r . th ! r ! t t c . I  . rD ! . . . lo t r  .nd  rn .  r . . .u r .d
v r l ! . . . b t . t n . d  h  t h i .  r t u d y , .  f . y . . -

r . r l r . n t .  e . r .  p . r f o t r . d . T t r .  h . . r  o f
t t n .  c o . l  t n v . . r t a . t . d  h . . t .  c r t t . d r r c . l
t o r . . r . h o r n  t .  r l B . t . n . t  t t .  v o l u .
c o r r . . l o n d . d  t o . b o u t  l l 0 k a  r t , 1 n .  c . . 1
.  A l t . !  . .1 !na  r . rD. r . t ! t .  . t t t l . r . ! . .

D . tv . . .  th .  th . r ro . ! . r i c  rh . ! t . r  l  r ! . t
l , . t r  t . l d  r . t . r  v . p o u !  c o r i . . p o n . t t ! a  t o
9 0 t  r . l . t l v .  h l r l d t t r  y t t l  b .  l l o v l n r
r n r o  t h .  c o n t . l n . r  o I  l t r .  . o r 1 .

t o . . c . r ! . l n  t h .  ! n t a o t r  d t l l ! . t o n  o t
t h . . t t  t h r o r a h o o c  r l t .  D t 1 .  o f  t t n .
. o r l r r . v . n  . l r  t n I . t .  . t r a  . . r .  . o r b . r

o a  o ! t t r t t  e . r .  l n t t . l t . d . . . h o r n  r n

i l t . a . n i l  t i . . t r o . r ! r .  o f  1 1 !  t n l . !  t .
! h o e n  i n  l l ! . 9 .  P t a , l 0 . t . v .  t h .  D o . t -
t  1 o n .  o l  ! h . r ! o c . u p l

p . r . t ! ! .  c i . t r a .  t 6  t h .  c o . 1  r t l . .

. o r !Ph . r . l . c ,

@ : r | ' i . r . . I . s l n 6 r P o v d

A  t l t  ! t pE t IXE l t f s  o t {  Sp0 I tTA I { ! 0u6

col t ! l rSTtoN 0t  t  t !  c0 lL

. rt! rnl.r
rtg.r !.yo!t ol Alr tnl.t

^,!, ti.m.t.trc .h.'$.r

Dr,D2r P..h..t1.9 cor!.r ptF
l r0 - l t  20 .1

?' aqldt.t.t

F d

Pdd.rd @.1
1565 -  r  ! t on )

rl! or rttEg.n 9r.

rls.9 sr!!ctu4 oa r.r. ht.r

trr.7 rqur!..nt oa .p6nt.n.ou. co.bu.tlon

!

I
I

Th€ Aus. LM.M.lllaw.ir. Bran.h, tgnatio.s, Clptosioh. rnd Fhs in Cort Mi@ SympGiun, M.y 1gai



119.10 to.lrlonr .l th.m.o{rt..
Ir !da.!.d @.r

? t .  tn l t l . l  .n i l  l . ! t r . l . ry  oond l ! ton t

! . . d  t o !  l h . . r p . r l r . n t . n . l  c .  t c 1 l  l .  t  l o n

t h . t  v . r .  u . . r l  t o  . o l v .  t n .

. q ! . t t o n ( 2 r ) . n d ( r 6 ) .  t o  . . t  ! t  t n .  l . t -

t t . l  c o n i l t t l o n  . r p . r t ! . r t . l l t , r h o l .  c o n -

t . 1 n . t  o l  a t n . . o . 1  v . .  l I l t . d  Y l t h

t r t ! t o a . n . n i  t h .  t . ! t . i . t d f .  o l  t h .

t i . t l o . t . ! 1 c . t l r b . r  I  r . . . . t . 1  . n

. r t l . n t  t . r p . r . t ! i . :  t . r D . r . t { i .  c h . n ! .

l n  t n .  h . . t  o l  a t . . . o . l  t . . l . r . r t 6 . d

b t . q ! . t 1 o n  ( 2 7 )
-  0 T  . t e ,  I  a T . r T \

e h . r . ,  t ! d ! . r . n c .  i n  t h .  d . . . . t l o n  o r

t h . . r ! r

It v.! con,td.r.d tl'.t thc .ll.ctlv. tt.6.l

condlcllvity t. h@Ben.ou! fot .1! dtrectto...

IIS.U .hd! cdput.d .nd o...!!.d tnD.t.tur.

ch.nE.. ln th. contlln€r of ltn. cort 6. t

r lnc r ton  o f  l !P , .  r t  . .n  ! .  . . .n  f ro i

! ! G  a l ! ! ! .  t h . i  s ! P r r !  v . t ,  c t o . .

T . l S o B E  . d d  R . H t c U C t l I

ud fi...!r.d t.n!.f.t{t. l.twa.r.d co.r' 
tuni.rn.! ehl.h vu ltll.a vttn rrtlol.n c..

r o  0 . 2 3 . n d  t h . t . b o ! r . t i  d . y .  . r .  n . c -

. . . . r ,  t o . . !  ! p  t l | .  t n t t l . l  . 6 n d i l l o n r

t h . i  r . . n r  w h o 1 .  c o . 1  p t ! .  l !  l n . . r .

t . i t . ! . t ! r . ,  ] \ . . o o n . .  t h .  t n I t l . I  c o n -

d M o n  t .  . . t ! h l t ! h . d r t t  l .  c o f l r . n c . d  t o

l l o r . i r  I n ! o  t h c  c o n t . l n . !  o l  a t t r .  . o . 1 .

0 6 . . r v I n B  t h .  o r g . n . o n . . n t ! . t t o .  o t

o ! t l . t  ! t r  l 1 o e , t h .  q u . n t t t y . i  r t !  f l o v

s l .  t . t ! 1 . t . d  r .  p r . . r . . 1 t  . .  p o . . l b l . .

N . . r l . a  p r o c . t .  t n  t h . . o r t ! l n . r  o f  t t n .

c o . ,  1 t  d . . c r 1 b . d  b t  . q u ! t t . n  ( 2 8 ) ,

6. r. i+ - r.t ;+ +: -i.:- + --; I +r.-'}
. . . . ( 2 8 )

u n . i l . . 1  . o l ! t l o n .  u n ' l . t  r l ' .  r b o v .

n . n t 1 o n . d  c o n d t t l o r .  t . r  t h .  . t r b i , . n t

t . r p . r . t u t . .  o t  6 O ' c r  5 O ' . ,  4 O ' .  . 6 d

l O ' c  . n d  . . c h  . r D . r t r . n t r l  r . . ! t !  . o r -

r . . p . n d t n t . . c h  . . b t . n r  t r . r . t . t ! r .  l .

r l ' o v n  t n  t h .  t o l l o r l . s  i l ! u r . r ,

; ; ' t

a . t
t f 8

!lg.l2 cMput.d t !t.r!tor. -.rlE Cw..
I t l ' 60 !c '

I" t
1.v...9. .l tn.@coEpl..

Th€ Aur. LM.M.lllrwrra Aranch,lgnhioru, Explosions and Ft$ in Co.t Min€s Sym@3ium, M.v 1981
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,
z

o r - 6 6 i E r D
rlc.ta corput.a r..e.!.tu. - rtr cutu.

I t -50 'c l

tt!.ra co.Eutrl t .F!.tG. - tlr Corer.

lr"lo'cl

tls.la co.Dlha t.T.a.tu. - al& c!fr.

rq-r! lrFft'ol.l i..!It t&-!o.cl
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T . l S 0 B E  a . d  X , H I C O c B t

conFt.d top.t.tw. ltcl

tls.l9 cdlP.tll.n b.tr..n cdlPct.d .hd
fi...$.d r4P.!.tu!.r

! n  t h . . : ! . r r t r . n t . . !  t h . . ! b 1 . n t

t . n p . r . t u r .  o l  6 0 ' c  . n . l  t 0 ' c , f t n .  . o . l

b . ! . n  t o  f  t  r  .  .  p  .  n  t  .  u  .  o  u  .  I  y  e l t h l n . b o u t

6 O . n d  l l 0  h o u r .  1 ! t . !  r . . p . c r t v . 1 y

I n  t t .  c . ! .  o f  t [ . . ! b ! . n t  t . r D . r . c ! r .

o t  4 0 ' c , t h .  ! . x t r o r  r . r p . r . t ! r .  ! n  ! h .

c o . t . t n . r . t t r t r . d  8 1  . 4 ' c  b ! c  a h . . p o n -

t . n . o u !  c o o b u . ! 1 o n  p h . n o r . n o n  r . .  t r o l

o b t . t n . d .  x . 1 n  ! . . . o n .  o f  r h t .  r . . u t r

e . r .  c o n . l d . t . d  t h . t  r h .  v . 1 u ! .  o l  r r n .

. . . 1  ! . . . 1  r . .  r o  c l o . .  ! o  t h . . t n t r l r
p o . . l ! t .  r o l u ! .  . f  . p o n r . t r . o ! .  . o r b u . -

l l o n  t h . !  u n c o n r l d . r . d  l . c r o r .  l t l .
l o v . r t n a  o f  o x t g . n  c o n . . n t r . r t o n  o a  r h .
. i ! . n d  d l . u r l l o r r t t t  o a  r h .  d t f r ! . t o n

r n . t  . o  f o r r h  ! t B h t  D l . t  .  h t n a . r t n !

r o l e  o n  1 ! ! t l 1 o t r .

P r o v t d . d  t h .  t . . C . ! . t ! t . .  b . 1 o v  8 0 . c
v .  r .  c  o  n  c  .  r  n  .  d  ,  r  h  .  .  .  I  c  o  I  r  t  .  d  t . ! p . r -

r . . . u r . d  o t r . .  . D p t o : 1 ! . t . l y

6  3  !  .  .  d  .  .  c  l '  .  I  h  .  r  6 .  b . 1 n a . b t .  i o  D .

Th. -  ! r tn  c t ! ! . .  o f  t l i .  . t l . .Sr . . r .n r

o l  t h .  c . l c ! l . t . d  t . o D c r . r u r . r . n d

! e t ! ! t . d  o n . !  r b o y e  8 0 r . . h o u l d  b .  r h €
. r d o t h . r ! 1 . . f t . c t  o f  r . r . !  e v a p o r . t  l o n

f ! o !  . o . l , t h .  . l . a ! . . t . ! t o n  o a  c o . l
p . r t t c 1 . . . . d  t h e  d e c r e . s e  o f  o t y A e n
c o n c . n t r . t t o n  1 n  a i . . 1 t . n d . o  f 6 r  r t

T h . r .  f ! . t o r . . G t .  t a r o r . d  t n  t h t .
. t ! . ! y .  I f  r o r .  v o l u ! .  o f  f t n .  c o r l

s h o u l ! h .  u . . d , 8 . u . ! . r t o n  o t  ! p o n . . r . o u .

rc l ld  b .  . l .o  po ! . th1 .  . r ! . t l r . r t . l l t

t . . D . t . t u r . !  t .  r h .  t . n A .  o t
2 0 - 6 5 ' c  r t h . ! ! . 1  c o n d u . t l v t t t r . p . c l f  ! c
h e . t  . n d  c o n ! ! ! n t . . f  ! h .  A r r h . n l u t '

f o t . u l .  r . . . t n  v t t h o u L  . n y  . h . . ! . .  I

CONCIUSION
( l )  T h .  r . t n . n . t t c . 1  . r p r . . . l o n  o r

. D 6 n ! . t r . o u .  c o o b u . l o n  p t o c . . .  l t r  r h .

h . . p  o t  f l n €  c o . r  e r . . o n r l u c t . d .

( 2 )  T o  . o I v .  t h .  s l n p l t r i e d  b . . t .

€  q  !  .  c  i  .  n  (  1  7  )  ,  n  e  c  .  i  .  .  r  y  c o n . t . n r .  s c r .

o L t . l n . d  f o r  t h r . .  t t n d .  o l  c o t l ,  ! . ! p 1 . !

h l v t n a .  r 1 r .  o f  l n d . r  { 8  r . . h .
( 3 )  U . 1 6 s  r D h . r l c . l  c o - o r d t n . ! e i

n u . . t r c . l  c r l c u l . t t o n .  r . l .  i . d  e l t h

t . ! p . r . t u ! .  c h ! t r 8 .  1 n  t i .  t p h . r .  o f  f l n .

. o . l  . n d  t h . . i t t ! r t l o n  o f  t h .  v o r ! o . .

o f  f t n .  c o . l  v h l . h  { t 1 l  l B n t t . . p o n r . -

n . o ! . l y  t r o o  r r a t t c . l  u n d . r ! r o { n d  r . ! -
p . t . t u r . t  r . r .  c  o n d {  c  t . d .

( 4 )  a o  c o . l r r !  t h .  u t t l t ! ,  o l  ! h .

r . i h . r ! t t c ! 1  . r p r . . r I o n  . n d  ! h .  c o n . t . n t

v . 1 u . !  o b r . r n . d  r n  t h t .  ! t u d y , . r p . r r -

r . n t . l  a . n . r . ! l o n  o f  ! p o n t . n . o u .  c o ! -
b o . l o n  v . r .  p . r  I  o  r t r 6 d .

( 5 )  I n  r h . . r r . r 1 ! . n !  o . t n t  l t 0 K r

o t  f 1 n . . o . l  . t  L t . . ! b t . r t  t . r p . ! . r o r .

o f  6 0  t . , f t n  c o . 1  b . s . n  r 6  f t r . . b o ! t

6 0  h o r r .  l t t . r  r r o n  t t .  c o r ! . n c . o . n ! . f

. ! r  f t o w ,  A t  t h . . . b t c n !  r . ! p . t . ! u r .  o t
5 0 ' . , t t  b . s ! n  r o  f l r o . i r . r . b o ! !  l l r r

( 6 )  P i o v r d e d  r e 6 p . t . r u r . r  b . 1 o r  S O t c
e . r .  c 6 n c . r n . d , t h .  c r l . u l 6 t . d  i e ! p . ! -

. t u r . . h r d t . .  . n d  r . r . u r . d  o n . . . r .  r € I t
ln  aarea€. r  v t rh  € .ch  orh . r .

( 7 )  l t  ! o r .  v o l u ! .  o i  r t n .  c o . l

l o r . r  t e . t . t . t u r .

! . . d t e a D . r 1 ! . n ! . 1  B . n c r .  r  l o n
o f . p o r r . n . o u .  c o r b r . r l o n  f r o o  r h .  l o v s r
t . !p . ra tu ! . .  shou ld  he  s lso  po66t ! t . .

ii:,n

Th6Aus. LM,M, tttEw.r. BEnch, tgnhtons, Aptosions and Fir6In Coat Min.. Sympo.tum. Mdy 19a1
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I )  L . r l l l r l t o l l c t . s l , l o l , l t 6 t , r . l t z a  ! ,  D . J , t t ! ! l l D t J , t ! . t . r ! . 1 , ? ! , ! 9 ! r l
l )  t . t tgr t rcr r ,  r . lu t l l l l  r r r . ! ! . to t l -  D. !a!

Cl . r l . .a l r l9aa. ! . ! ! t  , )  t . t t l t to torD! .ah. . t . r ra l
: t  J .L l lCIOt t ,L. l l l t r t t r taol  r la  tot t .  tO,  t , t^ tACItaOtOrI , taCt t lo tJ . I r ! .n t r  l r t r .

1 ? . 1 1 6 { , ! .  t 0 0  , a ! . r r t o , r t r o
l)  r . rv ir t l r  I  I  !  t t tnt  t t r . ! r . t . l t -  11) t . t . r . l . rDr.r t t . r ! . ,D.ra,

cl . . i . , l i , l ta lrr . !99 l t )  r .  r . r . .6orrr ,  lo l | rE. ryDr.r ,  ro.6,196a,
!)  r . l l ta l lo lo,  t , l l r |ml l  tJ, l t l i r t  ot  , . ! t

r . t t . lao, l t , l t ! t , t . lo l  r t ,  t .C.t .C^tt .C.! , tor, t t tct . . r .ary ct
6 )  c . l l o o r l t l r . ! . . t o t ! - c t . r t . r a t r t t a t r  . o . t B ! t l t . . a i o . , r . r t c r l t t t a t ,

t .  t l l  ct .D!.r  t
t )  ! . lo lolot l ,o. l !0lr t . . r .  al . rr . t

coldlct lo.  t ralr . . t i !a r | l . ror.r , l tat
t t .  ta-!a

Th. A!. l.lLlr. ll||!nn Odtd!, lsttltld, E|oto.ldr .id Flt$ In Co.l Mlt|o SrtF tn, M'v tett



DISCUSSION

i, Ir tsoll Onr!6d states Blreau of tne.):

0n.x.dnlDa th. p!p€r, it sa. noc l@il1.tely

obvtou. rhlt !h€ effect of p.rrtcle .tr. huld

blv€ on the ttd for iBritlon of @.1 h .

!.!ttc!I.r ert.rl@.ti suld tt b. . rely

.lr&ttc .ff.ct? In tn. dpertmlt. .pp.!.ntlt

co.1 ot . 81v.n p.rtlcl. rtze dt.tltburlor r..

u..4. I. tq. @rr.ct?

T, ISOEI (fottltdo Unla.Elty, J.p.!): 1..,

1! t.. Aft.r cr!.htna, th. co.r .&pl! r..

.cre.n.d co uL€ .!en th. .1t6 of prttcl...

A.P, BUCDlf (An8lo A*t.m Corpor.tlon ol

South Alrtc. ttd.): lor.l.r.d .o.1 of ! rth.!

ftr.d p.rtlcl. .1!. ,t! u.dl

T. ISOBE: Tn. p.r!1c1. .1r. r.. f1r.d et -48

@sh, b.ctu.. th. 1tr8.r rh. prrttcl. .1.e, th.

Dr. dtfftcolt tt t. lo ul. t8nttr.or ln th.

€xD.!t!.nt.l .pp.r.t!..

R. IIAISO{: l{1l.r '4ld h. the rff.ct of lnce..-

tn8 the p.lttcle .lr. otr rh. 11@ ot tgnttto!

of th. cod Ln . 8tv.n conftSur.rloa.

T. ISOBE: Th.!6 .!e tF oppo.t!. .ft.ct. of

lncro.tng the p.rttcle .1r., @ly, on. t.

th6 ru1l.! tn. p.!ttcl. .lze 1. rh. l.!8.! t.

th. oelattv. .uf6ce .!.a 3...r.r.d, th.r.-

fole rh. l8ntt1on qy be .cce1ettt.d, rh! oth€!

tr thlt .@!l .1r. .o.l tdd.r pluna htrd.r.

the dr fld tbroqh ir!e1f, by thl. F..d

ln..e q13ts 1.s. oxy!.n rupply $d tt !..t!.tM

t€q.ratu!. frd rl.hgl, And th. l.r8er rh.

qu.ntl!, ot co!], th. ld.r dll b! th. tgntrtor

t@peFtu!.. l! .tt.qt t. to be Gde to .t.rt

lhe €pontded. colbutlon fr@ . 1@.r t.q.r-

.tu!a, e.g., Ide! thd 3OoC. Bur ln rhls c6s.

borh n@rlc.l c.lcd.tto$ .nd €xpall@ntll

r..ult. h.v. @t y.t aoetr aatn€d.

J. CUDMOBI (Ar!stt3u6n Cod Ind$try Re.ealch

hbo!.torl.s ltd.)t Th€ eff.ct of tncler1n8

PArtl.l. 3tr. wuld t6il to tncrelre th. !i!e

.t r.hlch th€ ouet of 6ponr.neou. co&bu.tlon

occ!r.. fidaver p.rtlcle 3&e .tu1 .ff.cttE

.url.ce .!e. .r. o.1y s@. of th. f.cto!. rntch
qL. . 8lgnlfrc!trt contrlburion to the pr@rlon

of the cdpl.r plobld ol .pontd.o!. .or'bq.ttd.

R. I TSoN: Doe. . ldll tacr..r. in ptrttcl€

.tr. dr..t1c!l1y ch!n8. th€ plr€lbiltay of

13dt1on or 1! lt lult . trooln.I .ff.ct.

J. CUDITORE: In plotrtn8 th. .urt8c. .r.a ol co.I

.8.lr.t t.rttct. !tz. th€r. 1. ! dr.uttc tnct...e

tn .u!f.ce .r.. rlth d..r.... tn .tr.. A! letrt-

toned p!.vlo.ly p.rtlcl. .1r. t! u lrportNr

f.cror tn th. plomrton ol spotrtan.ou. cod@cl,o.,

R. SATSoN: Th. U.S.A.M. recedtly dld 6n

.xpellErt ro d.t.tu1n. vh.lher o! nor ory8.n

.e1t rercu.r. cotrt.rdn8 porelu.ut.loxlda

suld s.r. r . .tont.n.ou! c@bu.tlon .oc!.e

1l .tbul.r.d ,trh r.r.ri rh.y g.ner.t. h...

und.! the.. condltlotrt. 56. Ltn.rtc t.r.!rt.rr
lor cod e.r. d.llred ba.ed on .ul1 sc.l.

l$or.tory .xp.rlDnt. rtth to{d.r.d co.l. rh.n

. mch .iltult.d th.oletlc.l c.lc!1.rtor .1811.!

to tbtr r$ don. to a.rerDln !i. th€ for

tAtrttlon b...4 on th. glv.n be.t .oorc. .t t$o

c.nt!€ of che .ph.r.. Th€ tbeor€cl..1

c.1cuLtlo!. lu.t e.@.d . hoe8.nou. blocL of

co.l but u!.tl th. .ee b!.tc tlnettc par&.ter.

derlv.d tld pordered corl. The tn€orettc.l

c.lcllttton fo! rhe t8trtr16 rile co$e.pond.d

.r&.t e-ctly rlth th. .aperlamr.lly

ob!.r.d tt!. ed th!! tlnd of 1ed to the rhollht

thar uyb€ the p.rrtcLG stz€ etl.cr for thl. typ.

of r.lcttd 1. &t t! rtrda !. getrerrll,

A.J. BARCRAVES (3.t1.?. Sreel Dlvlrlon Colllerle.):

UIU D!. tegttnS of .portar€ous colbu.ttd be

1ll.46.l.M.M.lrl.E[l.rEtr,len on,EFlo.lqrfidF -t Co.t Mtio9yirtF.tu||r'M|t ltlt
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und.rt.t n r! you! .pp.r.!u. rtth corl oI dlrf- K. EUNca: 0.0t. Mt!.t l t.os!c..)r lh.! 16tu

.r.rt 8ranuld.try? Alr..dy -48 q.h l. u..d - of sulphu!,.!. pt...n! ln rh. co.l s..d? tr@Id

slll both d.11.. coal .nd l.ra.r cost to b. !h. fo@ of .llPhur h|v. h.a .ny .t!.ct 6 th.

T. rsOBE: It t. rl.s.d nd. th. J.Dse.. co.1 T. lsoBEr Th. lor o! .!ltlN! P!..6t tn th. co.t

rtntna tnd!.t!y r.. .hrhklns ydr by r..r &d r.. Pyrtte tnd of cou!& tt t. tnoraruc .!rthst.

,trh lt .ponr.n.our c6bu.rlo. .. a dl...t.r

rt.L ln co.t it .r, R.!..rch ,.. dbb1.hio8 K. BuNCItr Wh.t .ff.ct do.. th. .rlph{r h.v.?

ye.r by y..t l,.fl!dc.d by tht. c1rcu.l.!c. of

rh. co.l tndu.trt !u! !n r.c.nt y..t.r .! . t. IsoBE. lh. htllanc. of tmrS.ntc .glth!r' ol

re.ult of th. ot1 crt.t., th. co.I tndu.tly t. pFtt., 1. .uPPo..d to b. on. ol th. qu... ol

vtr.lt.6d .!.tn, ta.ntly, !.ny tnv..tt8.tt6. .port.D.ou. coithttto, but tn lht. t.!..tch tt.

.6bu.tl6 of coal hrv. b..n r..- lnfluoce t. n.8l.ct.d. About 30 vdrr rlo.

6.d. con.td.riq .uch . t.nd.ncy, D!, f,tgocht, v.!y not.d r....!chd tn Jlptn ..1d ti.!

rio h.. b..n tn Aq.cr.llr @t. th.n on. y..r, pFtt. tn Ctub.it .orl h.. ! rtrons hllsnc.

h!. c@sc.d to dp.r&.nt .a.tn od v.ttou. to .c.ele!!t. .ponl.n ou. c@b!.tld th.n@fl.

kltrds of corl .t v.ttou. .t!. !6n4... Tt... ls! th!6 t . d.n1.d by o!h.! t..€.rch.!..

furthetr....!ch.. rtll .o@nc. !hl. t .r o! For thl. rd.on th. .lfect of pvrtte h

n4r ye.r, prob.blt !n th. labor.torl.. of tr'... Phdoutr. t. !.al.cl.n.

Itoll.ido lrntv.t.lty,

u!.d ttr fltur. .i'!rl*nt.?

tn AB.l.M.M.lrlrrr'lBnFh, llnlrro|r,EpL.hn .rdF rliCo.l''/llr-8rrbo.ftn.M.v19!t


