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Ga¡ f lou tbrough granular  charcoala le
v isual lzcd aa fo l lor lng a tor tuous pat .h betueen
part lc lee and the ! t reaa l lnes f requent ly converged
and dfverged a¡  the gae passed through thc vold
space  1n  res l dence  t l ne ¡  o f  0 . 3  t o  0 .35  gecond .

The nu¡ber of  gaa col l l ¡ lona $l th th€ rur face 1g
€xtrénoly lergo (- lg l0/¡cc)  and thc everage t loc
of edaorptlon on fndlvldual pertlcler dcpcnda on
the extent of thc boundary ¡rea thst la expored to
thc gaa f low. A quant i ly  So,  haa becn def lned a¡
the aerodynarlc boundary area of a unlt volure of
psr t l .c lat  and a ncthod for  c¡ lculat lng th l r
qu¡nt l ty  lndleated.r  In th¡  pr€rcnt  sork a
charcoal  ne.  .eparatad lnto four s levc f ract lona
¿nd e¡ch of  theae fur ther ¡eparated lnto e ix
pert lc le-denal ty f racclona.  A correlaElon ul th the
part ic le boundary aurface,  Sr,  wl l l  be digcu¡aed.

Eu l k  Deng l . t i e ¡  o f  Pa r t i c l e  S i ze
and Part lc le Denrf ty Fract fons

The charco¡I  wa¡ sfeved lnto four f ract lon¡
l4xl6,  l6x l8,  18x20 and 20x30. Thc averagc
part lc le eLze of  cach f r ¡ct lon ¡r ¡s € l t iüaled f rot
ih€ ¡rlthlatic ueen of th€ correeponding aleve
openlngs (Table 1) .  Eech of  the¡o f ract lon.  eat
lhen seper¡ t€d lnto e lx pert r  by paerage ovcr e
" l {hfppet"  Specl f lc  Gr¡v l ty  f ¡b lc (Sut ton,  St . . le
and Steele,  Inc. ,  DaI I ¡ r ,  TX).  The bul l ¡  d€n¡ l t1ó¡
of  ths 24 f ract lon¡ (deter¡ lned by a l - leter  f rae
fal l  ln to a graduated cyl lndcr)  ere glven ln lablc
t .

tabl¡  l .  Bulk D¿nrf t le¡  of  Ch¡rco¡ l  A

Slevc f racl lona
Average openlng (oo)

14x16
I  . 3 0

l 6 x l 8
1 . 0 9 5

I 8x2O
o . 9 2

20¡3O
0 . 7 1 5

Densl ty of  l lhola.
Fr¡ct lon

F rac t l on  l ,  l o r  . p .  g r .
Fract lon 2
Fract ion 3
Fract lon 4
Fract lon 5
Frect lon 6,  hfgh .p.  gr

620

463
5(X)
534
580
648
723

6t2

500
535
577
620
664
723

602

¿60
539
579
589
620
676

.604

. s07

.560

. 5 9 0

.599

.  6 1 9

. 6 6 6
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for the 20x30 f ract lon becau¡e of  tha Iarger nur¡ber
of  psr t lc lo!  per unl t .  vol .u¡e.

Sleve Faect lons

14x16
l 6 x l 8
I 8x20
20x30

386 /  cn3
550/ co3
9 lO /  co3

I  560/  co3

Dependeace of  Pre¡aure Drop on Flos Rate

The prescure-drop deiarolnat l .on¡ ¡ rere nada 1n
a  g l ac r  t ube  2 .21  c ¡  1 .d .  and  75  co  l ong .  A
dl f ferent la l  wat€r  Danonet€r wsa uoed for  lhese
úe¡ÉureúenE6 and a perforated sta ln lee¡ steel  d lsc
eupported the aanp),a.  In the eopty tube there rras
no ncasurable prearure gradfent  acros6 the sanple
support .  The gaa f lor¡e uere neagured el th a dry
gas neter  (DTl l - l l5  Slnger,  American i leter  Conpany,
l0 L per revolut lon).  Dry nf t rogen or argon r las
uaed dlrect ly  f roo the eupply tank¡.  The sanple
ua8 lntaoduced through a long-steñ funnel  r ¡h1ch
extendód to th6 sanple support .  The funnel  wEs
r lowly ra laed end tha eanple nas thu6 lntroduced
si th ¡ l .n l luú pecl lng.  The helght  of  Eh€ charcoal
above the lupport wag deter¡lned wlth a cathe-
too€t€r  and the bulk denr l ty  was calculated f ro¡
th6 eeight  of  the carbon div lded by i ts  ¡ ¡easured
volu¡e.  The preraurer dropr eofs neasur€d at  t€n
dl f fcrent  f lo¡  rate¡ .  Tha colu¡n ues Ehon gent ly
v lbrgted unt l l  a ¡ael lcr  helght  r ¡as real lzed and
tha pró! .ur .  drop again ree¡ured at  d i f ferent  f lor
r . t e r .Typ l cs l  r e ¡u l t ¡  (F i gu re  l )  a re  f o r  t he  g l eve

fr¡ct lon 18x20 aad ahow the pr€saut€ drop for  tcn

Ffg.  l .  Pregaure Drop r l th Nl t rogen Floua through
Packlngs of  th€ 18x20 Fract lon ar  Flve Di f fer-
ent  Bulk Denel t ies

Ihe bulk den¡ l t le¡  of  the 24 f ract fon¡ ranged
f ron  0 .46  t o  0 .72  g / co3 .  The  nu ¡be r  o f
paat ic le! ,  n,  par crJ 1n each s leve f rect lon sar
C¡tádffiiEFy countlng. Althougü tñ;-i;;Ilcle
Eou-rrÉa-ft' ' i lea of each 20x3O particle ls a¡aller
thsn thet  of  the 14x16 part lc le,  S,  is  greater
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dl f f ,€rent  n l t rog€n f lor¡e for  eech of  f ive pacLing
den¡1t feg.  The least-aquare alopeo and lnt€rcept t
r¡ere calculated and the value¡ of Sn, vere then
deteruLned.

Calculat lon of  Part l .c le
Boundary Area

S" rao deter¡Lned fro¡ the above preasure-drop
úéa3ure¡ents by the D€thod suggeated 1n 1938¡
r¡h lch fo l l ,osred the ear l ler  Kozcny aaruüpt lon2thEt
a coluon oay be ¡odeled by a group of parallel and
equal  a lze cyl lndr lcal ,  channsls.  The toEal
lnternel  surfece area fa ldent l f fed ¡r i th the tota l
particle surfece ¡rea and the free internal voluns
1e ldcnt l f led s l th the vold volu¡e.  Ergun and
Ornlng3 found th¡ t  th€ rat lo of  pressure gradient
to th€ superf lc leJ.  velocl ty  of  the ges e.r  a l laear
funct lon of  the raar fLow rate;
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AP -  pressure drop,  dynea/cn2

L .  haigh¡ of  bcd,  cu

U! . ev. Ilnc¡r gea veloclty u¡l.ng the cror¡
lect lon of  €¡pty tube,  cn/rec

G  ¡  ¡ ¡ ¡ ¡  f l o v  r a te ,  g / ( r cc ) ( c ¡2 )  ( 1 .e .  o ¡ ¡ ¡  f l o v
p€r unl t  croar aect lon)

F .  v1¡col f ty ,  pol8e

Sv  ¡  gp€c1 f i c  su r f acc  o f  pa r t l c l € ,  ¡ ¡ 276 ¡3  o f
Part lc  le.

€ .  f ract lonel  voidg betysen part ic l€s

c ,8  -  cons ten ta

The ¡¿¡¡  f lor¡  rate (G) 1¡  def fned a¡  the ras¡  of
f lu ld pcr  ¡econd p6f  unl t  cso. .  aectLon of  the tube
and to conv.r t  the voluoe f lor  rete (c.3/¡ec)
(Plgure l )  to oae¡ f lo¡r  rate ¡ t  th€ axper luental
condi t lon¡ of  24cC and I  et loaphere,  1t  ls
nec€r.ary to lultlply the voluoc flow by .000300
for nLtrogen and .00O427 for  argon.

Thc c¿lculatad value¡ of Sr, (Tablc 2) yere
of rea¡on¡bl€ lr¡gnl,tude. Uclng the .v.aag€ of the
alevc openfnga, rh lch def ine e¡ch eieve f ract l .on,
Ehe ¡ur facc of  the c i rcu¡¡cr lbad ephere nac
celculat€d.  lhe¡e erea¡ egreed rathet  ra l l  r l th
So, dcternined fron th€ ergon ¡€8áurelcnts.

Table 2. Cooparlson of Doundary Areae Deter¡1nsd
fro¡ Sleve Analyola end froo Pre¡eure-Drop Flov
l{6tsur€!snts

Sieve
Fract lon

Horever,  the S,  valueg deter¡ ined f ron ní t rogen
[essure[enta rere larger,  the rat lo ranglng f ron
1 .3  t o  1 .6  t l nes  t hose  f o r  a rgon .  Appa ren t l y ,  t ha
nl t rogen nolecules ln a dynaolc gas f low sysEen,
Lntoasct  ¡ ¡ Í th nore of  the boundary surfsce than do
the argon^atou. .  fhe polar lzabi l f ty  of  n l t rogen
(1 .76x10 -¿q )  i s  eouewha t  g r€a te r  t han  a rgon
( t .O ¡x t0 -24 )  wh l ch  1s  1n  t he  co r recE  ra t i o ,  and
tho t lnet lc  d laúetora are 1n the aaue order -  N2,
3 . 1 5  i  a n d  A ,  2 . 9 5  ; , .

The raeul t ¡  (Flgure 2)  ate for  the four s ieve
fr¡ct lon¡ E¡ a funct lon of  the part fc l€ boundary
ar€r! ,  d€terü1n€d ei th both argon and ni t rogen.
thc brcakthrough t lnee ¿o O,27. lncre¿sc ui th
lncreaee ln Sv.  Th€ lat t€r  quant l ty  ¡ ras the
Iargcat  for  the 20x30 f ract lon becauge of  the
larger nu¡ber of  part fc lea pér unl¡  volu¡e.  IJ l th
th€ . rcept lon of  onc po1nt,  n l t rogen through ths
2Ox30 f rsct lon,  the breakthrough t iuéa have
paral le l  behavlor .  The t ¡ ¡o l ines a¡e displaced
about 6 c¡r¿ sf th tha nl t rogen havlng the greaEer
value.  In general ,  lhe correlat lona r¡ i th the argoo
a€a9uréoen¡r  are nor€ conslstent  then thoge wl th
n l t r ogen .

( r )

( 2 )

( 3 )

U
:
F

I

9 3
9 ¿
I E
I

gÉ
o

^^oo* r/^"-/
,/ ./

/",,:Y 
N'|rRoGEt{

,/ r.' ,/x

x

o Tt s ¡lo
PAEIICLE EOUNOARY AREA.

S'(cml po uñ¡l votum.
P tg .  2 .  Coa r€ la t f on ' o f .  O .2% B reak th rough  T fne  e l t h

P¡rttcle Boundefy Ar€a

In  t he  f i r a t  e t age  o f  an  adao rp t l on  p rocess ,
th€ Dovement acrosa the boundary area of  the
part ic les ney be expreaeed as fo l lous:

S ¿
N . - k .  

v  
( p - p . )  ( 4 )

A  t  P B  -  - 1

uhere t{¡ - úa!ó of transfer
Kf  .  ¡e!s t ransfer  coef f fc lent
Sv -  boundary eurface of  unl t  voluoe of

p!at lc l .€.
e -  f ract lonal  vold betneon pert lc l6.
pB - bullc denllty of packlng
p r  partk l  pr€aaurc ln the gas f lou
Pl  .  p¡r t la l  pr€s3ure at  the ¡ur face

boundary

The ¡econd . tago of  adaorptLon fs the p€netral ion
lnto th6 porou6 structure and the th l rd etage le
the ectual  adeorpt fon of  tha uoleculc on ¡  ¡ur face
al . tc .  ,Sfnca the appl fcat lon Ls concerned wl th vcry
soal l  penctret lon of  a part lculea ga3 conpon€nt,
the f l rat  etage of  adsorpt l .on appears to be the
rete deternlnfng factor .
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