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INTRODUCTION 

The separation and purification of adjacent rare-earth elements is a 
frequently encountered problem in the course of radionuclide develop- 
ment. High-pressure ion-exchange (HPIE) elution chromatography, 
utilizing micron-size cation-exchange resin beads, has been used widely 
for the rapid, efficient separation of small samples of these chemically 
similar elements. Radionuclide production operations, on the other hand, 
often yield highly radioactive rai-e-earth samples of a few tenths of 
a gram to a few grams in size that must be separated and purified by 
remote handling procedures in shielded hot cells. 
cycle chromatograph apparatus design1 - a heated resin column connected 
directly to a high-pressure pump and pressure gauge -was satisfactory 
for small-scale, bench-top operation where the apparatus could be 
readily disassembled after each run for resin replacement, but this 
design required that the column charge and elution solutions be pumped 
through the pump and past the pressure gauge dead leg which resulted 
in excessive tailing and poor separation efficiency. 
earlier design chromatograph apparatus was used for more than one or 
two separations without repacking or replacing the resin, the resin 
column would pack down so tightly that the column back pressure would 
exceed the working limits of the pump with resultant pump damage. In 
order to overcome these difficulties and to accommodate the larger 
production samples with remote handling requirements, a versatile, 
compact HPIE column design has been developed. This column allows 
resin loading and repacking, sample loading, elution, and maintenance 
t o  be performed remotely with minimum effort and cross-contamination. 
To date this new column design has been used for more than 50 rare-earth 
separations with no equipment failures or sample cross-contamination. 
The equipment was designed so that more than one operation could be per- 
formed simultaneously, enabling completion of the sample loading, elution, 
resin reconditioning, and column repacking cycles within an eight-hour 
period. 

An earlier single- 
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COLUMN DESCRIPTION 

The aims were to develop a safe, compact apparatus providing minimal 
elution peak tailing, rapid and efficient remote operation and servicing 
using master-slave manipulators, interchangeable resin columns for 
greater sample flexibility, and a repackable resin bed for reproducible 
column performance. The HPIE column apparatus and pump configurations 
devised to meet these objectives are shown i n  F igs .  1 and 2 ,  respec- 
tively (the numbers shown were included to identify specialized com- 
ponents as listed in Appendix A ) .  This system was designed with the 
high-pressure pump and low-pressure air supply separate from the column 
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hardware i n  order  t o  f a c i l i t a t e  ope ra t ion  and t o  minimize t h e  amount 
of i n - c e l l  equipment and s e r v i c e .  
s o l u t i o n s  d i r e c t l y  are either s t a i n l e s s  steel  (SST) o r  g l a s s .  Commer- 
c i a l l y  a v a i l a b l e  f l a r e l e s s - t y p e  tub ing  f i t t i n g s  were used where p r a c t i -  
cal  t o  reduce f a b r i c a t i o n  c o s t s  and f a c i l i t a t e  i n - c e l l  s e r v i c i n g .  No 
t r o u b l e  w a s  encountered i n  r e s e a l i n g  dismantled f i t t i n g s  once they had 
been set c o r r e c t l y ,  
i s  used throughout f o r  a l l  high-pressure l i n e s  t o  reduce l i n e  void 
volumes. 
- >1800 p s i  f o r  s a f e t y .  
t h e  va r ious  components and minimize weight.  Mounting b racke t s  f a b r i -  
ca t ed  from e i t h e r  a n g l e  aluminum o r  U-bolts, except as noted ,  are  used 
t o  hold t h e  v a r i o u s  v a l v e s ,  columns, and r e s e r v o i r s .  

A l l  materials t h a t  c o n t a c t  t h e  sample 

One-eighth inch  OD by 0.035-in. w a l l  SST tubing 

A l l  high-pressure components are r a t e d  f o r  working p res su res  
Aluminum mounting p l a t e s  provide suppor t  f o r  

F ig .  1. I n - c e l l  Components of High- F ig .  2 .  High-pressure Pump 
p res su re  Ion-exchange Chromatographic 
Apparatus. Apparatus subdivided Hardware. 
i n t o  four  f u n c t i o n a l  s e c t i o n s :  
I - r e s i n  handling loop; I1 - sample 
loading  loop;  I11 - r e s i n  column; 
and I V  -h igh -p res su re  e l u e n t  i n l e t .  

and Low-pressure A i r  Supply 

The i n - c e l l  components shown i n  F ig .  1 can be subdivided i n t o  f o u r  
b a s i c  f u n c t i o n a l  s e c t i o n s :  
loop;  I11 - r e s i n  column; and I V  -h igh -p res su re  e l u e n t  i n l e t .  

I - r e s i n  handling loop;  I1 - sample loading  
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Sec t ion  I, t h e  r e s i n  fiandling loop ,  was included f o r  u se  dur ing  r e s i n  
loading  and unloading of t h e  appara tus  and dur ing  t h e  r e s i n  repacking 
ope ra t ion .  It w a s  found t h a t  repacking of t he  column a f t e r  each use 
improved r e p r o d u c i b i l i t y  of t h e  s e p a r a t i o n  and a l s o  prevented t h e  
r e s i n  bed from packing down so t i g h t l y  t h a t  t he  1000-psi l i m i t  of t h e  
p o s i t i v e  displacement pump would be  exceeded wi th  r e s u l t a n t  pump damage, 
A s i n t e r e d  SST f i l t e r  ( P a r t  No. 24) was i n s e r t e d  between P a r t  Nos. 11 
and 16 a t  t h e  top  of t h e  r e s i n  r e s e r v o i r  ( P a r t  No. 30) t o  prevent  
t r a n s f e r  of t h e  r e s i n  i n t o  o t h e r  s e c t i o n s  of t h e  appara tus .  

Sec t ion  11, t h e  sample loading  loop ,  was designed f o r  t r a n s f e r  of a 
r a re -ea r th  sample, d isso lved  i n  d i l u t e  0.05 M "03, from t h e  r i g h t -  
hand low-pressure g l a s s  r e s e r v o i r  i n t o  t h e  bottom of t h e  high-pressure 
r e s e r v o i r  ( P a r t  No. 30) by means of a s l i g h t  p o s i t i v e  pneumatic p re s su re .  
A low-pressure check va lve  (Pa r t  No. 6 ,  n o t  shown i n  F ig .  1 )  w a s  i n s e r t e d  
i n  t h e  low-pressure a i r  l i n e  between t h e  a i r  i n l e t  ( P a r t  No. 22) and 
t h e  upper bulkhead f i t t i n g  ( P a r t  No. 15) t o  prevent  any p o s s i b l e  r e v e r s e  
f low of a c t i v i t y  ou t  of t h e  hot  c e l l ,  
g l a s s  r e s e r v o i r  r i n s e s  have been t r a n s f e r r e d  t o  t h e  high-pressure load 
r e s e r v o i r ,  t h e  low-pressure sample handl ing loop is  valved o f f  via  t h e  
6-way valve ( P a r t  No. 2 ) ,  and t h e  sample is h y d r a u l i c a l l y  d i sp l aced  onto 
t h e  r e s i n  column. 
ou t  t h e  top  of t h e  high-pressure r e s e r v o i r  and thereby purge t h e  l i n e s  
of any p o t e n t i a l l y  dangerous t rapped a i r  be fo re  development of t h e  high- 
p re s su re  head. 
i s  used t o  d i s p l a c e  t h e  d i l u t e  a c i d  samples onto t h e  r e s i n  column 
(Bio-Rad 50W-X8, 20-35 pm, NHq+ form). The appara tus  w a s  designed so 
t h a t  af ter  t r a n s f e r  of t h e  sample has  been completed, as monitored by 
a n  i n - c e l l  probe Sec t ion  11 can be by-passed and t h e  r e s i n  converted 
back t o  t h e  NHt++'form be fo re  beginning t h e  e l u t i o n  w i t h  a minimum of 
high-pressure flow. The 3-port b a l l  va lve  ( P a r t  No. 3) was included 
t o  f a c i l i t a t e  emptying and c l ean ing  of Sec t ion  I1 between samples.  

Once t h e  i n i t i a l  sample and 

The equipment w a s  designed t o  d i s p l a c e  t h e  sample 

A 10% w/v L i N 0 3  s o l u t i o n  [ spec ,  g r a v i t y  = 1.0572 @ 250C2J 

Sect ion  111, t h e  r e s i n  column, is  t h e  h e a r t  of t h e  appara tus .  S t a i n l e s s  
steel  columns of a uniform 20-in. l eng th  and similar i n  des ign  t o  those  
developed by C .  D.  S c o t t ,  et aZ.3 were f a b r i c a t e d  from s t anda rd  s i z e  
tub ings  (e .g . ,  0.25-in. OD by 0.035-in. w a l l  t o  0.75-in. OD by 0.065-in. 
w a l l )  w i t h  welded water j a c k e t s  f o r  ope ra t ion  a t  e l eva ted  temperatures .  
S in t e red  0.5-micron SST f i l t e r  e lements  ( P a r t  No. 23) were used t o  
suppor t  t h e  r e s i n  bed. Spec ia l  4-port ba l l -va lve  suppor t  b r a c k e t s  
( see  F ig .  3 f o r  des ign  schematic) were used t o  hold t h e  r e s i n  column. 
These b racke t s  were designed so t h a t  t h e  r e s i n  column and a t t a c h e d  
valves could be  disconnected remotely and removed wi thout  r e q u i r i n g  
decontamination o r  handl ing of t h e  e n t i r e  appa ra tus  ( t h e  s l o t s  i n  
t h e  backing p l a t e  were requ i r ed  f o r  c l ea rance  of t h e  water j a c k e t  
o u t l e t s ) ,  Water jacket connect ions and l i n e s  were loca ted  on t h e  
back of t h e  appa ra tus  (not  shown i n  F ig .  1 )  t o  s impl i fy  l ayou t  r equ i r e -  
ments. 
b u t  f l e x i b l e  Tygon tubing  l i n e s ,  which would a l low easier removal of 
t h e  chromatographic column, should serve as w e l l  ( t h e  p a r t s  l ist  i n  
Appendix A does no t  i nc lude  t h e  water j a c k e t  f i t t i n g s  which are l e f t  
t o  t h e  d i s c r e t i o n  of t h e  u s e r ) .  The e l u e n t  i s  preheated i n  a small, 
permanently mounted h e a t  exchanger be fo re  pass ing  through t h e  6-port 
b a l l  valve on to  t h e  r e s i n  column. The tub ing  l e n g t h  between t h i s  

S t a i n l e s s  steel water l i n e s  we#e used i n  t h e  appa ra tus  p i c t u r e d ,  
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6-port b a l l  va lve  and t h e  upper 
4-port b a l l  va lve  w a s  kept  as s h o r t  
as p o s s i b l e  i n  an  e f f o r t  t o  mini- 
mize peak t a i l i n g  due t o  sample 
desorp t ion  from su r faces  wet ted 
during sample loading.  4 

ORNL- DWG 74- 1t80 
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Sect ion  I V ,  t h e  high-pressure 
e l u e n t  i n l e t ,  con ta ins  a check 
valve t o  prevent  r eve r se  flow of 
poss ib ly  contaminated s o l u t i o n s  
ou t  of t h e  c e l l  and a r e s e a l i n g  
r e l i e f  va lve  set a t  1250 p s i .  
The p o s i t i v e  displacement high- 
p re s su re  l i q u i d  pump, regula ted  
low-pressure a i r  supply,  and 
cons tan t  temperature ba th  f o r  
column hea t ing  are a l l  kept  out-  
s i d e  t h e  hot  ce l l .  Connection 
between t h e  high-pressure pump 
o u t l e t  and appara tus  i n l e t  is 
made with 0.125-in. OD by 0.035-in. 
w a l l  Tef lon tub ing ,  which w a s  
found t o  wi ths tand  >1250 p s i  
without  f a i l u r e .  

The pump-air supply conf igu ra t ion  

BRACKET 
SUPPORT ROD 

I 1  
I 1  
1 1  0 f 2 

u 
INCHES 

PI 
Fig.  3 .  High-pressure Ion-exchange 
Column Support Bracket Schematic. 

is  shown i n  F ig .  2.  The l a r g e  
s u r f a c e  area SST f i l t e r  ( P a r t  
No. 7)  w a s  found necessary t o  
prevent  pumping fo re ign  material 
i n t o  t h e  system t h a t  would even tua l ly  plug t h e  0.5-micron f i l t e r  u n i t  
support ing t h e  r e s i n  bed. Under normal ope ra t ion ,  t h i s  l a t t e r  f i l t e r  
i s  r e v e r s e  f lushed  and kept  c l e a n  each t i m e  t h e  flow is reversed  t o  
t r a n s f e r  t h e  r e s i n  bed back t o  t h e  r e s i n  r e s e r v o i r ,  Locat ion of t h e  
pump u n i t  o u t s i d e  t h e  ho t  c e l l  g r e a t l y  f a c i l i t a t e s  t he  handl ing and 
c o n t r o l  of t h e  va r ious  r eagen t s  r equ i r ed  dur ing  the  sepa ra t ion  and 
r e s i n  handl ing cyc le s .  

OPERATING INSTRUCTIONS 
Deta i led  ope ra t ing  i n s t r u c t i o n s  and s o l u t i o n  flow p a t t e r n s  f o r  t h i s  
appara tus  des ign  are  shown schemat ica l ly  i n  F igs .  4 t h r u  9.  
i n  t he  va lve  c e n t e r s  r ep resen t  t he  va lve  handle a l ignments  f o r  each 
opera t ion .  F igure  4 d e p i c t s  t h e  va lv ing  sequence f o r  t h e  i n i t i a l  
loading of t h e  r e s i n  i n t o  Sec t ion  I. I n  order  t o  prevent  o v e r f i l l i n g  
the  r e s i n  column, the  r equ i r ed  r e s i n  volume was determined by packing 
a dummy column of t h e  same s i z e  as t h e  column t o  be f i l l e d  t o  the  
requi red  column he igh t  and back p res su re .  This  r e s i n  w a s  then t r ans -  
f e r r e d  h y d r a u l i c a l l y  t o  t h e  high-pressure r e s i n  r e s e r v o i r  v i a  a 
0.125-in. OD by 0.035-in. w a l l  Tef lon connect ing tube.  The r e s i n  
w a s  r e t a i n e d  i n  t h e  r e s i n  r e s e r v o i r  by t h e  s i n t e r e d  SST f i l t e r  a t  t he  
top of t h e  r e s e r v o i r .  This ope ra t ion  is  t h e  only one during which 

The arrows 
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t h e  high-pressure flow does not  
e n t e r  uia Sect ion  I V .  Once t h e  
r e s i n  has  been t r a n s f e r r e d  t o  t h e  
r e s i n  r e s e r v o i r ,  t h e  high-pressure 
flow i s  connected t o  t h e  i n l e t  of 
Sec t ion  I V  (Pa r t  No. 1 4 ,  F ig .  1 )  
and t h e  r e s i n  is loaded i n t o  the  
empty r e s i n  column as shown i n  
Fig.  5. The same va lv ing  sequence 
is  fused t o  t r a n s f e r  t h e  d i l u t e  
0.05 M HNO3 rare e a r t h  charge 
s o l u t i o n  from t h e  low-pressure 
g l a s s  r e s e r v o i r  i n t o  t h e  high- 
p re s su re  SST load r e s e r v o i r .  
S ince  t h i s  loop is  s e p a r a t e  from 
t h e  r e s i n  repacking loop,  bo th  
ope ra t ions  could be performed 
s imultaneously i f  r equ i r ed .  The 
charge s o l u t i o n  i s  f i r s t  t rans-  
f e r r e d  i n t o  t h e  high-pressure 
load r e s e r v o i r  wi th  a s l i g h t  
p o s i t i v e  pneumatic p re s su re  
( t y p i c a l l y  1-2 p s i g ) ,  and then 
t h e  g l a s s  r e s e r v o i r  i s  washed 
once o r  twice wi th  d i l u t e  
0.05 M HNO3 t o  ensure quan t i t a -  
t ive  sample t r a n s f e r  and minimum 
hold-up i n  t h e  l i n e s .  A 75-ml 
SST load r e s e r v o i r  w a s  used i n  
cons t ruc t ion ,  so  t h e  t o t a l  charge 
and r i n s e  volumes were l i m i t e d  
t o  ~ 5 5  m l  t o  prevent  l o s s e s  due 
t o  excessive bubbling and sample 
carry-over i n t o  t h e  ven t  l i n e s .  
The ven t  g l a s s  r e s e r v o i r  ( t h e  
lef t -hand g l a s s  r e s e r v o i r  i n  
Fig.  1) w a s  p a r t i a l l y  f i l l e d  wi th  
r a s c h i g  r i n g s  t o  prevent  any 
p o s s i b i l i t y  of spray.  F igure  6 
shows t h e  flow p a t t e r n  employed 
t o  t r a n s f e r  t h e  r a r e - e a r t h  load  
s o l u t i o n  onto t h e  r e s i n  column 
( r e s i n  i n i t i a l l y  i n  N H ~ +  form). 
A s l i g h t l y  denser d i sp l ac ing  
f l u i d  which does no t  cause  pre- 
mature e l u t i o n  of t h e  rare e a r t h s  
from t h e  column (e .g . ,  10% w/v 
LiN03) i s  used t o  d i s p l a c e  the  
load  s o l u t i o n  out  t h e  t o p  of t h e  
load  r e s e r v o i r  through t h e  6-port 
b a l l  valve t o  t h e  r e s i n  column. 

d 
CONSTANT 

TEMPERATURE---4 
WATER FLOW 

ORNL-DWG 7 4 - ( ( 7 9  

1 

& 
-HIGH-PRESSURE FLOW 

Fig .  4 .  I n i t i a l  Apparatus Resin 
Loading Sequence. 

ORNL-DWG 74-4t78 m 

CONSTANT 

WATER FLOW 
TEMPERATURE---; 

ESSURE FLOW 

Fig. 5 .  High-pressure Transfer  of 
Resin i n t o  Column and Low-pressure 
Transfer  of Column Charge So lu t ion  
i n t o  High-pressure Load Reservoi r ,  
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This flow p a t t e r n  a l s o  allows 
escape of a l l  trapped a i r  from 
t h e  system p r i o r  t o  development 
of t h e  column back p res su res ,  
t y p i c a l l y  400-700 p s i .  Recovery 
of t h e  waste s o l u t i o n  from t h e  
loading  loop a f t e r  completion of 
t h e  loading  cyc le  ind ica t ed  >99% 
sample t r a n s f e r  f o r  t h i s  system 
des ign .  Once t h e  load  s o l u t i o n  
has  been completely t r a n s f e r r e d  
onto t h e  r e s i n  (as  monitored by 
an i n - c e l l  r a d i a t i o n  probe) ,  t h e  
loading  loop ,  Sec t ion  11, i s  
valved o u t  of t h e  high-pressure 
flow as shown i n  F ig .  7 .  The 
r e s i n  column i s  converted back 
t o  t h e  "I++ form w i t h  0.25 M HNO3 
b e f o r e  t h e  chromatographic 
s e p a r a t i o n  i s  begun. 

Q ORNL- DWG 74-1177 

The choice  and concen t r a t ion  of 
t h e  e luent  is  determined by t h e  
r a re -ea r th  elements t o  be sepa- 
r a t e d .  Most of t h e  work performed 
wi th  t h i s  equipment w a s  based on 
s e p a r a t i o n  cond i t ions  es t imated  
from t h e  work of D .  0. CampbellY5 
i . e . ,  e l u t i o n  a t  85°C wi th  va r ious  
concen t r a t ions  of 2-methyllactic 
a c i d  (a-hydroxyisobutyric a c i d )  
a t  pH 4 . 4 .  Chromatographic 
s e p a r a t i o n s  cha rac t e r i zed  by t h e  
development of 700-1000 t h e o r e t i -  
c a l  p l a t e s  w i t h i n  t h e  20-in. 
column l e n g t h  w e r e  t y p i c a l  f o r  
t h i s  system. The column e x i t  
p o r t  w a s  e i t h e r  f i t t e d  wi th  a 

:I 
s i m p l e  d e l i v e r y  p ipe  t o  c o l l e c t  
i n d i v i d u a l  f r a c t i o n s ,  as shown i n  
F ig .  1, o r  wi th  a l e n g t h  of 0.125-in. 
OD Tef lon  tub ing  which w a s  passed 
through an ion  chamber f o r  con- 

4 

t i n u a l  e f f l u e n t  monitoring. A f t e r  CONSTANT 

completion of t h e  chromatographic WATER FLOW 
TEMPERATURE---< 

s e p a r a t i o n ,  t h e  r e s i n  w a s  s t r i p p e d  
of any r e s i d u a l  i ons  by e l u t i o n  
wi th  many column volumes of 

I 

I I* -L 

ORNL-DWG 74-1176 

2- 
-HIGH-PRESSURE FLOW 

- - 3 M HN03 .  
s t r i p p e d ,  i t  w a s  converted back 
t o  t h e  NH4+ form be fo re  being 
backwashed i n t o  t h e  r e s i n  r e s e r v o i r  Sequence. 

Once t h e  r e s i n  had been 

Fig .  7 .  Resin Column E lu t ion  

t 

. 
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t 

as shown i n  F ig .  8. 
"4' form be fo re  being repacked i n  o rde r  t o  improve column ope ra t ing  
performance by minimizing r e s i n  shr inkage and packing r egene ra t ion ,  
which l e d  t o  undes i rab ly  h igh  column back p res su res  p r i o r  t o  loading 
of t h e  r a re -ea r th  sample. 
c y c l e ,  one need only r e t u r n  t o  t h e  va lv ing  sequence shown i n  Fig.  5 
and s tar t  aga in .  The d ra in ing  and c leaning  sequence f o r  Sec t ion  I1 
is a l s o  shown i n  F ig .  8. 
emptied be fo re  each new sample is  s t a r t e d .  
sequence used t o  remove spent  r e s i n  from t h e  appara tus  once i t  has  
been t r a n s f e r r e d  t o  t h e  r e s i n  r e s e r v o i r .  

The ion  exchange r e s i n  w a s  reconverted t o  the  

I n  order  t o  i n i t i a t e  another  s e p a r a t i o n  

This loop is cleaned wi th  3 M "03 and then 
Figure  9 shows t h e  va lv ing  

TEMPERATURE---* 
WATER FLOW 

ORNL- DWG 74-$174 

@ --. 

CONSTANT 

WATER FLOW 
TEMPERATURE--- 

-HIGH-PRESSURE FLOW ---- LOW-PRESSURE FLOW 

I: f fi 
Fig.  8. Resin Back-wash From 
Column and Load-loop Cleaning 
Flow P a t t e r n s .  

ORNL-DWG 74-1175 

A -HIGH-PRESSURE FLOW 

Fig .  9.  Removal of Spent Resin 
From the Apparatus.  

CONCLUSION 

Even though t h i s  system des ign  looks complicated,  i t  has  been found t o  
work excep t iona l ly  w e l l  both i n - c e l l  and on t h e  bench top.  
ment of s o l u t i o n s  can be c o n t r o l l e d  by a minimum of va lve  and equip- 
ment manipulat ion,  which f a c i l i t a t e s  remote ope ra t ion .  The system 
is  r a p i d ,  e f f i c i e n t ,  r e l i a b l e ,  and easy t o  s e r v i c e .  Resin columns 
0.305-in. I D  by 20-in. long and f i l l e d  wi th  20-35 pm AG50W-X8 c a t i o n  
exchange r e s i n  have been used t o  r o u t i n e l y  s e p a r a t e  2200 mg samples 
of r a re -ea r th  oxides  wi th in  two hours '  e l u t i o n  t i m e .  The s e p a r a t i o n  
of gram samples should be p o s s i b l e  us ing  l a r g e r  columns and high- 
p re s su re  pumps wi th  g r e a t e r  f low c a p a c i t i e s .  

The move- 
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APPENDIX A 

P a r t s  L i s t  f o r  HPIE Column Apparatus 

P a r t  
No. 

1 
2 
3 
4 
5 
6 
7 
8 

9* 

10 
11 
12 
1 3  
14 
15 
16 
1 7  
18 
19 
20 
21  

22 
23* 

24 

25*t 
26 
27 
28 
29 
30 
31W 

32 

Descr ip t ion  

Valve,  b a l l ,  4-port 
Valve,  b a l l ,  6-port 
Valve, b a l l ,  3-port  
Valve, check 
Valve, check 
Valve,  r e l i e f  ( s e t  @ 1250 ps ig )  
I n l i n e  f i l t e r  ( 7  pm f i l t e r  element) 
F i t t i n g ,  tube ,  0-seal male connector  

p ipe  thread  
0-seal male connector  

p ipe  thread  
male connector  
male connector  
adap te r  tube  t o  p ipe  
bulkhead adap te r  
bulkhead union 
bulkhead union 
reducer  
union 
union tee 
male run  tee 
reducing p o r t  connector  
quick-connect,  double 

quick-connect 
end shut-off 

Snubber element,  s i n t e r e d ,  0.5-p 

Snubber element,  s i n t e r e d ,  0.5-p 
pore s i z e  

pore s i z e  

No. 
Mfr. - Mfr. No. Required 

WH SS-43YF2 
WH SS-43Y6FS2 
WH ss-41xs2 
Nu ss-2c-10 
Nu ss-2c-1/3 
CS B5349T2PP (L) 1250 
NU SS-4F-7 

SW SS-200-1-2-OR 

sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 

SS-600-1-2-OR 
SS-200-1-4 
SS-400-1-4 
SS-201-A-4 
SS-400-A1-4 
SS-200-61 
SS-400-61 
SS-200-R-4 
SS-400-6 
SS-200-3 
SS-400-3-4!WT 
s s -40 1 -PC -2 

2 
1 
2 
1 
1 
1 
1 

6 

2 
4 
2 
1 
2 
1 
1 
4 
1 
1 
1 
2 

SW SS-400-QC-61-DESO 
SW SS-400-QC-61 
SW To f i t  3/8" SW 

SW To f i t  1 /4"  SW 
f i t t i n g s  

f i t t i n g s  
O-ring, Teflon,  3/8 x 1 /4  x 1/16  i n .  X-10 
I n s e r t  ( f o r  Tygon tubing)  sw 
Gauge, 0-2000 p s i g  Y-12 
Gauge, 0-30 p s i g  x-10 
Regula tor ,  p re s su re ,  0-30 p s i g  x-10 

460 ml/hr  m 
Bath, cons t an t  temperature ,  2O-12O0C HA 

Gas c y l i n d e r s ,  75 m l ,  1800 p s i g  HO 
Pump, l i q u i d  meter ing ,  0-1000 p s i g  

07-422-8910** 
S S -4 05 -2 
06-033-1050** 
06-033-0090 ** 
06-033-0985"" 
4HD-75 

196-89 
1272FE 

2 
1 

1 

1 
1 

*Par t s  l i s t  developed f o r  a 0.375-in. OD by 0.035-in. w a l l  s t a i n l e s s  steel  

**UCCND s t o c k  number. 

+O-ring i n s e r t e d  between end of s t a i n l e s s  steel  column and snubber ( P a r t  

++This pump has s u f f i c i e n t  f low capac i ty  f o r  columns 50.375-in. I D .  

column. These p a r t  s i z e s  should be  changed to f i t  OD of column as needed. 

No. 23) t o  ensure  t i g h t  seal  and no r e s i n  leakage.  



Manufacturer Code 

WH = Whitey Company, 5679 Landregan Street, Oakland, CA 94608 

NU = Nupro Company, 15635 Saranac Road, Cleveland, OH 44110 

SW = Swagelok-Crawford Fitting Company, 29500 Solon Road, Solon, OH 44139 

HO = Hoke Incorporated, One Tenakill Road, Cresskill, NJ 07626 

CS = Circle Seal Products Co., Inc., P.O. Box 3666, Anaheim, CA 92803 

MR = Milton Roy Company, 1300 E. Mermaid Lane, Philadelphia, PA 19118 

HA = Haake Instruments, Inc., 244 Saddle River Road, Rochelle Park, NJ 07662 

X-10 = Oak Ridge National Laboratory standard stock item 

Y-12 = Y-12 Plant standard stock item 

. 
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