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distribution of p a r t i c u l a t e  matter less than t im microns i n  diameter which 

vcsuld cjrcmvent the d . i f f icu l t ies  incident t o  gravitational sediunenlalion 

methsd,s For this purpose, a centrifugal sedimentation method, which is 

wi~heiy used i n  the f ie la  of colloid chemistry, T ~ S  utiiizea. s u i t a , u e  

opersttfng conditions were selected mcd the  method. was est&lished to supple- 

ment t h e  Anbeasen pipet method = By the  ~elect ia jn  of appropriate operating 

conditions, the centrWugaJ, methd can be used. -bo reduce the time of sedi- 

mentation enomnausly. For instance, thorium oxide par t ic les  0.1 micron in 

dimieteea: i n  a xylene medium require four days ta fa l l  three cm by gravity 

sedimentatio, whereas, by c e n t r i f u g d  sedimentation at 1,800 r - m ,  the Lime  

can be reduced -bo about 1 5  minutes+ This reduction i n  t ime  o f  sedimentation 

not only makes it p o s s i b l e  t o  carry out par t ic le  distribution meaxweevzents 

for zxtremely small parkixles i n  a reasonable -time, but it also reduces 

errors caused by diffusion and. convection. 

The c e n t r i f u g a l  methad, l i k e  a l l  sedimentation methods, i s  based on 

Stokes' law, vhich relates the r d i u s  of a, ptxrticbe w i t h  i t s  l h i t i n g  

velocity of sedirnentation according to the fol3..mizlg equation, * 

vC, = l imit ing velocity,  cm/sec 

2 g = acceleration ciue to gmvity,  980 cm/sec 

r =: radius  of' par t ic le ,  czn 

f '= densi ty  sf particle, g/cm 3 

P *  = density of medium, ~ / e m  3 

7 == vfscosity of medium, poises 



ained: 

t ieJe  size Pr 

move away f3: 
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For a Sfxed se t  of experimental conditiions, equatiom, (3)  may be reduced to 

the Porn, 

in whi.ch the constan%, K, combines 

Several. factors must be camidere& 

the variables rl, y2, and W whereby sedimentation ~d.11 be effected in a 

convenient time Interval w-ithout; 3n"croducing serious errors due t o  uamarrmted 

Epproximnations 

change in centrrifugal force as 8 par t ic le  moves away from the axis of rotation, 

this equation may be used to calculate  the 'time required Tolip sedimentation of 

all part ic les  of a specific size (See Appendix A, Table I); however, the 

theoretical time of sedimentation calculated by the Svedberg and Niclzols 

equation w i l l  not be the same as "che measwed time because the centrifugaJ 

force changes con~;inuously during the acceleration m d  decelera,tion 

intervals.  

a selected speed, and to decelerate from the se2ec-i;ed speed is determined 

experhental ly ,  

a t ion intervals are  then computed, 

JCrif~igal force versus time and graphically in te rgra t ing  the areas under the 

portions a f  the curve corresponding to the acceleration and deceleratEsn 

Since the  Sverdberg awd Nichols equation provides for the 

- <  

I n  practice, the time require& ts acce le~atc  Y l e  centrifuge t u  

EqyZvalent periods of t i m e  for the  acceleration and deceler- 

This is accoapllished by plot t ing cen- 

intervals.  

the selecle;d speed, would have been required to se t t l e  a par%ic%e through 

%be same dis-tance which iL settled during the acceleration and deceleration 

intervals. 

"he equivalent t h e  i n t e rvds  a r e  -the periods of -Lime which, at 



L 



depasi-tion of particles on 

*theoretica^l. treatmesat of t h i s  subject . 
walls of the tube. Berg(2) presents a, 

€€e concluded tha t ,  for s m a l l  

cert-trifuge tubes suspended 10 cm from the axis of rota-kAon, accelera%ion 

Ynust not exceed 100 rprn during the first 10 seconds, after which the 

centrifuge may be accelerated to m y  desired speed i n  an additional 10 

seconds. In deceleration, the speed m y  be reduced *bo 100 q m  in 10 

seconds, a.f"'cer which a m i n i m  of 10 seconcPs is required to stop the ten- 

"cifuge coapletely. 

b-other factor t ha t  r u s t  be considered in the selection o f  operating 

conditions is the shape and dimensions of -the sedtmentation c e l l *  P w t i c l e s  

moving under a centrifugal farce do not foblow pw;-LZleL paths but move 

r ad ia l ly  outwards f romthe  axis of rotation; hence, tz sector-shaped c e l l  i s  

rl,quired if hindered sedimentation is to be avoided at the  WEUE;. 

this design have been fabricated m a  utilized by o%hcrs.(*,lc,7) 

established, however, that  cylindricaJ- shaped m11s may be used without 

Cells of 

1% has been 

rabio is, therefore, 1.38. 

11. em, the required centrifuge speeds ranged from 300 to 1,800 r p n  (See 

Appendix A, Table I). The conditions o f  sedimentation were so selected that 
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osition sf t 

n when the i z o n k d  posit  

The dis'ctmce fr s to a level 2 

considered 'cion distanc: 

he 

11 cm 

axis ~f el at which e 

Model 77 B attached 
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the pipet by means sf a short piece of rubber tubing. 

w~s bent; at a right angle to r d u c e  disturbance o f  the  sediment while the 

The t i p  sf' the needle 

supernatant suspension was being removed e A 5-ml Hzy-odexmic syringe, con- 

acid. 

Waxing blender for three minutes or by shaking f o r  several hours wi"l,'ra a 

mec'nm:~l.cal shaker ($urreXl, wist-ac-t;fopl Model BT) 

In e i the r  case, the  suspension was dispersed by agi ta t ion  is a 

Before placement of si, 





rhc  anzomt of thorium oxide i n  each portion was determined by the use of 

tz spectrophotonzetric method in ~h j_ch  Thoron wm used as the chromogenic 

r e a g e n d g )  

mixture of n i t r i c  and perchloric acid to which a b o p  of 1:10 hydrofluoric 

a c i d  WLS added. 

by evaporation pr ior  t o  dissolution of the thorium oxlde by the acid 

trea,-t;Yncnt. 

a l i q u o t  was wi-khdTawn f o r  the determination of thorium. 

The thorium oxide i n  aqueous suspensions vas dissolved i n  a 

If the suspendSng medium was xylene, the xylene was remove& 

The acid solution was diluted to a specif jc  volunze from which nn 

Cal_c_ulakion .--af Distribution. From the amount of thorium found, the f r a c t i o n  

of the saiiple se-Ltled i n  each case 

L e t  

is calculated i n  the following amnner. 

M--" cSuanti-t;Y of mO2 found. below the. 2-m level, mg 

N = quantity of Tn02 found in %he psr t ion with&awn from above 
the 2-mi level, mg 

P = q u a n t i t y  of 
1/16 ( H i -  

S = f r a c t i o n  of 

IT = Traction of 

Thog I n i t i a l l y  present below the  2-mm level, 
MI, w3 

sample composed o f  par t ic les  with diameters 
equal  to or  &ea.l;er than the l b - i t i n g  diameter (D) which 
settled below the 2-nm level 

D ==-limiting diameter (diameter of' par t ic le  that settled 3 em 
during centrifugation under the specific aperating 
condittons ) 

f o r  the different selected values of B. D r a w  a tcmgent to the 

with the ordinate axis is equal. to w. 
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A.  Equations for CaLculzting Centrifugal Sedimentation TWe 

'or 

then 

when 

D = diameter, microns 

y\ = 0.009 ( 2 5 O ~ ) ,  poise 

p = 9.8, g/m3 

3 f i  = 1.0, g/cm 

t = time, seconds 

Eguat; ion ( 3 ) 
(Svedberg and Nichols Equation) 

62 = anguLar velocity, rdians/second 

q m  I= centrifuge speed, rev-olutions/minute 

I 
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calculated b 
corrected f ee1r;ra.t Pan 

e I1 and e 

Corrections.  of Centrifuging Tjpe far  Periods 
of Acceleration and Ikqelerat ion 

cb, * " 

65 
TQ 
75 
80 
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'E3 Example of t h e  Calcu la t ion  of Pa r t i c l e -S ize  Di s t r ibu t ion  from 
Cent r i fuga l  Sedimentation Data 

Determination of Amount of Tho2 i n  
Sediment &nd Supernatant  Po r t  ions  

Tho2 - Sample C - Bispe rwd  i n  Xylene 

Conditions 

Tho2, d i s so lved  i n  HN03, HC104 and !?IF 
Method, Spectrophotometric 'J)horon f o r  T h  
F i n a l  v o l m e ,  Vf, nil, 50 
Wavelength, mp, 345 

1 
16.4 

Light  path, cm, 
Fac to r ,  F, (pg Th02/lril per absorbancy m i i t )  

Limit ing 
Diameter, Volume 

ml Test A IA 

Supernatant  1.00 100 
Part  i w  0.50 

$0 
025 
.20 
15 
.10 

1.00 
0'. 50 

c30 
.23 
.20 
- 15 
.IO 

T'est B 

Sediment 

25 

100 

Aliquot  
ml 

1 

2 

5 
1 
2 
5 
2 
1 

Super n a t a n t  1.00 
P0:itiGri 0.30 

30 
* 25 
e 20 
. I5  
.1Q 

1.00 
0.70 

30 
"25  
.20 
.12 
. lo 

S e di me n t  

100 1 

2 

5 
25 1 

2 
100 5 

2 
1 

Di lu t ion ,  
2 

3 ,  m o  

2,500 

1,000 ' 

1,250 
625 

1,000 
2,500 
5,000 

3,000 

2,500 

1,000 
1,220 

625 
1,000 
2,500 
3, GOO 

A 

0.245 
.209 
.341 
275 

- 570 
350 

.278 

.403 

.227 
,154 
* 179 
a 202 
,232 
.290 

0.261 
. a08 
* 345 
" 295 
* 390 
330 

.282 
,401 
.217 
155 
,175 
.206 
.240 
293 

___.__ 

Tho2 
mtz 

20.1 
17.2 
14 .o 
1-1 *3 

9 04 
0 2 

2.9 
6 -6 
9.3 
12.6 
14.7 
16.6 
19.0 
23.8 

_o__ 

21.4 
17 e 1 
14.2 
12.1 
9 0 ' 7  

6.8 
2.9 
6.6 
8.9 
1.2 . ' I  
14 J-6 

16.9 
19 * ' (  
24.2 
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c 

1 so0 
0.50 
*[3Q 
e 2 5  
i 20 

13 
10 

1 *QO 

4.9 
766 
10~9 
13.1 

Tota l .  

0 
*33. 
"44 

orrected far  OW the 2-IIXII 
s ~/16 ( N  i- 

d e f i n i t i o n  of 
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Empirica.1 Funct ion Method af Determining P a r t i c l e e S i z e  Di s t r ibu t ion  
From Sedimentat Ion D a t a  

I 

(Oden ‘s Tangent ia l  I n t e r c e p t  Eq e ) (1.2) 

t hen ,  by s u b s t i t u t i o n ,  equa.tian 12 w = s-(.l/D”)me -a( 1/D2 1 
becomes 

w can t h e r e f o r e  b e  c a l c u l a t e d  by the above equatixm, using t h e  g raph ica l ly  
determined s lope  (rn) of t h e  l i n e  obta ined  f r o m  the p l o t  of In l /f l-s)VS 
1/@. 
t angent  t o  the l i n e  at a po in t  corresponding t o  1/p i s  used as (m)  

If t h e  p l o t  does no t  r e s u l t  i n  a s t r a i g h t  l i n e ,  the slgpe of t h e  



-25 - 

1000 
4.00 
11,l 
16.a 
2 5 a  
44.5 
100 

0.085 
-176 
.311 
384 

* 525 
e 800 

~ 6 0  

0 1, 
9 E. 
6 1. 
7 2 ,  
9 2. 
8 39 
1 9 .  

instead of ti 
i t y .  

of curve in F 
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Do Comparison of I n t e r c e p t  and Function Methods 

Table VI 

Comparison of Pa r t i c l e -S ize  Di s t r ibu t ion  b y  
TI70 Methods of Calcu la t ion  

(Sample c )  

Cumulative Per Cent 
Tan - Method 

Fraction Settled(") g e n t i a d b )  In-t;er - 
T e s t  A T e s t  B Avo _PI Intercept  cept  Funct ion(c)  Difference 

0.20 0.19 0.20 0.15 85 87 - 2  
031 30 031 0 20 80 81 - 1  

72 73 - 1  
65 65 0 

.41+ 0 44 0 44 .?8 
54 31 0 53 3 5  
.61 .61 .61 45 55 60 - 3  
0 71 73 72 53 47 50 - 3  
,88 089 89 .I 66 34 29 + 3  

Table I V  
Figure 1. 

Table V 
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07, 0.001 M Dispers - 
e A  

(a,) See Figure 3 

Centr if ugaZ 
Xvlene 

49 
33 
20 

8 
1 

83 
77 
57 
40 
28 

91 
83 
62 
48 
4-1 

97 
94 
88 
80 
61 
47 
35 
20 
12. 
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Table I X  

bimiting 
Par t i . i h :  k e  
Diameter, 

ba. 

10 

T’h02: Sample C 

Andre - 
H2s04 J Na4p207 9 ason-. 

0.005 M o o o o i  5 Xylene Xylene - 
4 I 

Cumulative Per Cent 
Cent r i f  ugaL Gravi t at i mal 

idi - 
rmekic  A c t  i v a t  i. on 
Xylene Na4P207, 0.005 M 

c +, - 

98 

92 
75 
66 
47 
21 
3 

100 

80 
61 
30 
3 

87 

81 
73 
65 
60 
50 
29 

100 
99 
95 
92 

78 

100 
93 
90 

67 

97 
96 
91 
82 
“13 

(a) See Figure 3 
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ORNL-LR-DWG. 22075 

SEDIMENTATION MEPHOD MEDIUM 

CENTR I FUGAL XYLENE 

G R AV I TAT I 0 N A 1, : 
0 ANDREASEN PIPE3 XYLENE 

ANDREASEN PIPET. 
ACTIVATION ANAL. 

5 0.5 
6.4 

0.3 

d 

CUMULATIVE WEIGHT, PER CENT 

FIGURE 4, PARTICLE-SIZE DISTRIBUTION OF THORIUM OXIDE (SAMPLE 8 )  

COMPARISON OF CENTRIFUGAL AND GRAVITATIONAL METHODS USING 
VARIOUS DISPERSING MEDIA 
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