
. 

ORNL/TM-5620 

. 7/5057a6 

Recovery of Perchloroethylene Scrubbing 
Medium Generated in the Refabrication 

of High-Temperature Gas-Cooled 
Reactor Fuel 

M. S. Judd 
J. E. Van Cleve, J r. 
W. T. Rainey, Jr. 



i 

Printed in the United States of America.' Available from 
National Technical Information Service 

U.S. Department of Commerce 

Price: Printed Copy $4.00; Microfiche $2.25 
5285 Port Royal Road, Springfield, Virginia 22161 

This report was prepared as an account of work sponsored by the United States 
Government. Neither the United States nor the Energy Research and Development 
Administration/United States Nuclear Regulatory Commission, nor any of their 
employees, nor any of their contractors, subcontractors, or their employees. makes 
any warranty, express or implied, or assumes any legal liability or responsibility for 
the accuracy, completeness or usefulness of any information, apparatus, product or 
process disclosed, or represents that i t s  use would not infringe privately owned rights. 



. 

ORNL / TM- 5 6 20 
D i s t .  C a t e g o r y  UC-77 

C o n t r a c t  N o .  W-7405-eng-26 

METALS AND CERAMICS D I V I S I O N  
T h o r i u m  U t i l i z a t i o n  P r o g r a m  (189a O H 0 4 5 1  
Fue l  R e f a b r i c a t i o n  D e v e l o p m e n t - T a s k  300 

RECOVERY OF PERCHLOROETHYLENE SCRUBBING MEDIUM 
GENERATED I N  THE REFABRICATION O F  HIGH-TEMPERATURE 

GAS-COOLED REACTOR FUEL 

Date Published: November 1976 

2 
o?’ M. S.  Judd 

J. E .  V a n  C l e v e ,  Jr. 0 3  
W. T. R a i n e y ,  Jr .  01 

NOTICE This document contains information of a preliminary nature 
and was prepared primarily for internal use at the Oak Ridge National 
Laboratory. I t  is  subject to revision or correction and therefore does 
not represent a final report. 

OAK RIDGE NATIONAL LABORATORY 
Oak R i d g e ,  T e n n e s s e e  37830 

operated by 
UNION CARBIDE CORPORATION 

f o r  t h e  
ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 



L 

, 

. 



CONTENTS 

. 
A B S T R A C T . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Characterization of Raw Perchloroethylene . . . . . . . . . 4 

EXPERIMENTAL RESULTS AND DISCUSSION . . . . . . . . . . . . . . 10 

SUMMARY AND CONCLUSIONS . . . . . . . . . . . . . . . . . . . . 15 

APPENDIX.. . . . . . . . . . . . . . . . . . . . . . . . . . . 18 

ACKNOWLEDGMENTS . . . . . . . . . . . . . . . . . . . . . . . . 19 

. 

iii 



\ 



INTRODUCTION 

. _  

'b I 

RECOVERY OF PERCHLOROETHYLENE SCRUBBING MEDIUM GENERATED I N  THE 
REFABRICATION OF HIGH-TEMPERATURE GAS-COOLED REACTOR FUEL 

M. S .  Judd , l  J. E .  Van Cleve, Jr.,  W .  T. Rainey, Jr.2 

ABSTRACT 

During t h e  r e f a b r i c a t i o n  of, high-temperature gas-cooled 
r e a c t o r  (HTGR) f u e l ,  perchloroethylene (C2C14) is  used as t h e  
nonmoderating scrubbing medium t o  remove condensable hydro- 
carbons,  carbon s o o t ,  and uranium-bearing p a r t i c u l a t e s  from 
t h e  off-gas streams. This paper  d i s c u s s e s  t h e  process  by 
which t h e  contaminated pe rch lo roe thy lene  is  recycled.  

I n  t h e  HTGR f u e l  cyc le ,  t h e  r e c y c l e  f u e l  f a b r i c a t i o n  is  t h a t  por- 
. .. 

t i o n  where uranium t h a t  has  been recovered from spen t  f u e l  elements a t  

a r ep rocess ing  p l a n t  i s  f a b r i c a t e d  i n t o  f u e l  and inco rpora t ed  i n t o  

recycled f u e l  elements.  Two t ypes  of uranium w i l l  b e  f a b r i c a t e d  a t  t h e  

r ecyc le  f a b r i c a t i o n  p l a n t  - t h a t  con ta in ing  t h e  r e s i d u a l  235U recovered 

from t h e  f i s s i l e  p a r t i c l e s  i n  f r e s h  f u e l  elements and t h a t  con ta in ing  

t h e  233U bred from t h e  232Th i n  t h e  f e r t i l e  p a r t i c l e s .  

The processing s t e p s  necessary t o  i n c o r p o r a t e  t h e  recovered uranium 

i n t o  a f u e l  element s u i t a b l e  f o r  use i n  an o p e r a t i n g  HTGR are i l l u s -  

t r a t e d  i n  Fig.  1. 

rep rocess ing  p l a n t  as uranyl  n i t r a t e  s o l u t i o n s ,  which are converted t o  

an a c i d - d e f i c i e n t  u rany l  n i t r a t e  s o l u t i o n .  The u r a n y l  i o n s  are loaded 

onto ion  exchange r e s i n  microspheres.  The uranium-loaded r e s i n  micro- 

spheres  are d r i e d ,  carbonized, converted t o  uranium oxide-carbide 

k e r n e l s ,  and then  coated wi th  m u l t i p l e  l a y e r s  of p y r o l y t i c  carbon and 

s i l i c o n  ca rb ide  i n  a f luidized-bed coa t ing  fu rnace .  

c a t i o n ,  pyrolytic-carbon-coated Tho2 p a r t i c l e s  ob ta ined  from a f r e sh -  

f u e l  f a b r i c a t i o n  p l a n t  are blended wi th  coated r ecyc led  uranium 

p a r t i c l e s  and bonded i n t o  f u e l  rods wi th  p i t c h  and g r a p h i t e .  

The f i s s i l e  233U and 235U are rece ived  from t h e  

I n  f u e l  rod f a b r i -  

'Now wi th  U.S. S t e e l ,  Monroeville,  Penn. 

2Ana ly t i ca l  Chemistry Divis ion.  
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Fig.  1. Process f o r  HTGR r e c y c l e  f a b r i c a t i o n .  

The f u e l  rods ,  which are 5/8 i n .  (1.59 cm) i n  d i m  and 2-1/2 i n .  

(6 .35  cm) long,  are loaded i n t o  hexagonal g r a p h i t e  f u e l  b l o c k s ,  approxi- 

mately 31 i n .  (78.7 cm) h igh  and 1 4  i n .  (35.6 cm) a c r o s s  t h e  f l a t s .  The 

f u e l  elements are hea ted  t o  carbonize and anneal  t h e  f u e l  rods and then  

loaded w i t h  poison rods ,  end p l u g s ,  and dowels. 

Unique off-gas  cleanup problems are c r e a t e d  by p rocesses  used t o  

carbonize,  conve r t ,  and coa t  t h e  uranium-loaded f u e l  k e r n e l s  and car- . 
bonize t h e  f u e l  rods .  

passed through a sp ray  column sc rubbe r ,  which employs pe rch lo roe thy lene  

The gaseous e f f l u e n t s  from t h e s e  p rocesses  are 



3 

a 

.- 

(C2C14) as t h e  nonmoderating scrubbing medium (Fig.  2) .  The perchloro- 

e thy lene  t r a p s  carbon s o o t ,  uranium-bearing p a r t i c u l a t e s ,  and a l a r g e  

number of complex polynuclear  aromatic  hydrocarbons. 

COATING 
FURNACE 

I 

ORNL-DWG 73-9524R 

& SCRUBBER 
I I 

TE 

Fig.  2. P.erchloroethylene scrubber  f o r  removing s o o t  and hydro- 
carbons from c o a t e r  e f f l u e n t .  

Recycling t h e  pe rch lo roe thy lene  scrubbing medium i s  d e s i r a b l e  i n  

o r d e r  t o  (1) reduce t h e  volume of w a s t e  material, (2)  recover  t h e  

e n t r a i n e d  uranium, and (3) reduce hazards  encountered during d i s p o s a l .  

Table 1 lists t h e  amounts of r a w  scrubbing medium t h a t  would b e  proc- 

e s sed  i n  t h e  recovery system of a commercial p l a n t .  

w i l l  produce f u e l  elements con ta in ing  approximately 84 kg of uranium 

d a i l y .  This w i l l  correspond t o  a recovery system wi th  a capac i ty  of 

6200 l i t e r s / d a y  . 

A commercial p l a n t  
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C h a r a c t e r i z a t i o n  of Raw Perchloroethylene 

Table 2 shows t h e  d a t a  obtained from f o u r  r a w  perchloroethylene 

samples , which should b e  considered r e p r e s e n t a t i v e .  Var i a t ions  i n  tne 

composition of t h e  samples are c h a r a c t e r i s t i c  of t h e  process  system, 

t h e  amount of f u e l  processed,  and t h e  r e s idence  t i m e  of t h e  perchloro- 

e thy lene  i n  t h e  sc rubbe r .  

weighing a 25-ml pycnometer f i l l e d  wi th  a well-mixed sample. The weight 

pe rcen t  of pe rch lo roe thy lene  w a s  determined by c a l i b r a t e d  gas chromatog- 

raphy, and i t  is  es t ima ted  t o  b e  w i t h i n  3% of t h e  t r u e  va lue .  The e r r o r  

w a s  p r i m a r i l y  due t o  t h e  d i f f i c u l t y  i n  measuring t h e  major peak on t h e  

chromatogram. S o l i d s  content  w a s  determined by weighing t h e  s o l i d s  t h a t  

were removed from t h e  samples by f i l t r a t i o n .  

t h e  r e s i d u e  w a s  d i s so lved  i n  a c i d ,  and t h e  uranium content  w a s  de t e r -  

mined by f l u o r i m e t r i c  a n a l y s i s .  The hydrogen i o n  concen t r a t ion  w a s  

measured by shaking t h e  sample wi th  a known volume of s t anda rd  a l k a l i  

and b a c k - t i t r a t i n g  t h e  excess  a l k a l i .  Chlor ide i s  a measure of t h e  

t o t a l  i o n i c  c h l o r i n e  i n  t h e  sample. For a l l  samples,  t h i s  va lue  w a s  

less than  t h e  minimum concen t r a t ion  (5 ppm) d e t e c t a b l e  by p o t e n t i o m e t r i c  

t i t r a t i o n .  

S p e c i f i c  g r a v i t y  measurements w e r e  made by 

The s o l i d s  w e r e  i g n i t e d ,  

The v a r i a t i o n s  i n  s p e c i f i c  g r a v i t y  of t h e  r a w  pe rch lo roe thy lene  

samples are p r i m a r i l y  due t o  v a r i a t i o n s  of t h e  amount of d i s so lved  

hydrocarbons and, t o  a lesser e x t e n t ,  t h e  amount of suspended s o o t .  

Reagent pe rch lo roe thy lene  h a s  a s p e c i f i c  g r a v i t y  of 1 .63,  as compared 

wi th  s p e c i f i c  g r a v i t i e s  ranging from 1.47 t o  1 .63 f o r  t h e  r a w  perchloro- 

e t h y l e n e  samples. Sample P-4 had a s p e c i f i c  g r a v i t y  of 1.47 because t h e  

e f f l u e n t  from r e s i n  ca rbon iza t ion  c o n s i s t s  mainly of condensable hydro- 

carbons,  with a minor amount of carbon s o o t .  The e f f l u e n t  from coa t ing  

o p e r a t i o n s  c o n s i s t s  mainly of carbon s o o t ,  with a minor amount of con- 

densable  hydrocarbons.  The v a l u e s  f o r  weight pe rcen t  perchloroethylene 

and weight pe rcen t  s o l i d s  are determined by t h e  type and number of runs.  

The uranium content  of t h e  r a w  pe rch lo roe thy lene  i s  determined by 

o p e r a t i n g  parameters.  P a r t i c l e  entrainment and abraded uranium p a r t i c u -  

’ .  I 

lates account f o r  t h e  uranium i n  t h e  sc rubbe r s .  The hydrogen i o n  and 

c h l o r i d e  concen t r a t ions  are both very low, which is s i g n i f i c a n t  because 



Table 1. Material e n t e r i n g  C2C14 recovery system 
p e r  ki logram of uranium product 

CXH c s o o t  c2c14 U 
(kg) (kg5 (kg) 

Source (liters) 

R e s  i n  ca rbon iza t ion  3.16 0.0133 0.44 

Resin conversion and coa t ing  46.8 0.0061 0.60 6 .3  

Fue l  rod ca rbon iza t ion  23.4 3.3 

T o t a l s  73.4 0.0194 4.34 6.3 

Table 2. C h a r a c t e r i z a t i o n  of r a w  C2C14 

S p e c i f i c  
g r a v i t y  Uranium 

Sample a t  c2c14 S o l i d s  content  [&I .  Chloride 
code Process  h i s t o r y  25OC (wt %) (wt %) ( P P d  (N) (PPd  

0 

P-4 Resin ca rbon iza t ion  1.47 87.4 0.54 80 2 (10-4) <5 

P- 7 Conversion and coa t ing  1 .63  96.7 0.50 429 2(10+) - <5 

P-8 Conversion and coa t ing  1.62 93.1 1.52 10 2 (10'~) <5 

P-10 Conversion and coa t ing  1.57 , 88.7 4.00 260 <1(10-4) <5 
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hydroch lo r i c  a c i d  i s  undes i r ab le  from a materials c o m p a t i b i l i t y  

s t andpo in t  . 
Severa l  perchloroethylene samples were analyzed us ing  combined gas 

chromatography and mass spectrometry (GC-MS). This  t ype  of a n a l y s i s  w a s  

used t o  i d e n t i f y  and compare t h e  condensable hydrocarbons contained i n  

t h e  r a w  pe rch lo roe thy lene  ob ta ined  from t h e  d i f f e r e n t  r e f a b r i c a t i o n  

processes .  

given i n  t h e  Appendix.) 

rod ca rbon iza t ion ,  is  shown i n  Fig.  3 ,  and t h e  probable  i d e n t i f i c a t i o n  

of t h e  compounds found i n  P-3, which corresponds t o  t h e  numbered peaks,  

are given i n  Table 3. 

r e t e n t i o n  t i m e s  due t o  s m a l l  v a r i a t i o n s  i n  chromatographic c o n d i t i o n s ,  

Table 3 lists t h e  compounds i n  o r d e r  of relative r e t e n t i o n  t i m e s .  

(A d e t a i l e d  d e s c r i p t i o n  of t h e  GC-MS method of a n a l y s i s  is  

The chromatogram f o r  P-3, ob ta ined  from f u e l  

Although s l i g h t  s h i f t s  w e r e  noted i n  a b s o l u t e  

Although t h e  chromatograph.shown i n  Fig.  3 is  r e p r e s e n t a t i v e  of t h e  

e f f l u e n t  from rod ca rbon iza t ion ,  t h i s  chromatograph is  a l s o  t y p i c a l  of 

t h e  e f f l u e n t s  from r e s i n  ca rbon iza t ion  and microsphere coa t ing .  The 

important d i f f e r e n c e  i n  t h e  composition of t h e  e f f l u e n t s  noted between 

rod ca rbon iza t ion  and r e s i n  ca rbon iza t ion  and microsphere coa t ing  w a s  

t h e  presence of several thiophene d e r i v a t i v e s  (peaks 30, 37, and 47). 

This  w a s  n o t  unexpected, s i n c e  t h e  fuel-rod p i t c h  b inde r  contained 1 t o  

2% s u l f u r .  

R e s u l t s  from t h e  GC-MS a n a l y s e s ,  as w e l l  as o t h e r  s t u d i e s  made by 

Lee e t  a l .  u s ing  a t ime-of-f l ight  m a s s  spectrometer3 t o  monitor t h e  

gaseous e f f l u e n t s  from t h e  same processes ,  show t h a t  s imilar  products  

should b e  expected from p y r o l y s i s  of o rgan ic  compounds i n  nonoxidizing 

atmosphere. The work of Bard e t  showed t h a t  t h e  s a m e  products  were 

3D. A .  Lee, D. A. Costanzo, D. P. S t i n t o n ,  J. A. Carpenter ,  Jr . ,  
W. T. Rainey, J r . ,  D .  C .  Canada, and J. A. Carter, "In-Line Monitoring 
of E f f l u e n t s  from HTGR Fuel P a r t i c l e  P r e p a r a t i o n  Processes  Using a 
Time-Of-Flight Mass Spectrometer," fluclear Technology, t o  be publ ished.  

4R. J. Bard, H. R. Boxman, J. P. Be r t ino ,  and J. A. O'Rourke, " P y r o l y t i c  
Carbons Deposited i n  F lu id i zed  Beds a t  1200" t o  140OOC from Various 
Hydrocarbons , I 1  Carbon 6 , 603-16 (1968). 
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Table 3. Probable  i d e n t i f i c a t i o n  of t h e  chromatogram of 
sample P-3 

Peak 
number Molecular weight Probable  i d e n t i f i c a t i o n  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
12  
13 
14  
15  
1 6  
17 
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4 1  
42 
43 
44 
45 
46 
47 
48 
49 
50 
5 1  
52 
53  

78 
92 
94 

106 
10 4 
120 
118 
134 
132 
148 
146 
128 
130 
160 
144 
142 
158 
154 
156 
168 
152 
16 8 
170 
182 
166 
184 
196 
196 
180 
184 
198 
178  
19 4 
210 
19 2 
190 
19 8 
206 
20 2 
202- 
2 16 
230 
234 
310 
226 
228 
248 
242 
256 
252 
266 
264 
276 

Benzene 
Toluene 
Pe rch lo roe thy lene  
Xylene 
S ty rene  
C3 benzene0 
Methyls t y r e n e  
C4 benzene 
C2 s t y r e n e  
C 5  benzene 
C 3  s t y r e n e  
Naphthalene 
Divinylbenzene 
C4  s t y r e n e  
M e  t hy ld iv iny lbenzene  
Methylnaphthalene 
C2 d iv iny  l b  enzene 
Biphenyl 
C2  naph tha lene  
Me t hy lb ipheny l  
Biphenylene 
M e  t hy lb  ipheny l  
C 3  naphthalene 
C 2  b ipheny l  
Fluorene 
C4 naphthalene 
1,2-Diphenylpropane 
C 3  b ipheny l  
1 , l -Diphenylethylene 
Dibenzo thiophene 
C 5 naphthalene 
Phenanthrene 
Me t hy lv iny lb ipheny l  
C4 b ipheny l  
Me thylphenanthrene 
M e  thylenephenan t h r e n e  
D i m e  thylnaph tho  thiophene 
C2 phenanthrene 
Pyrene 
Fluoranthene 
M e  t hy lpy rene  
Terphenyl 
CI, phenanthrene 

Benzof luo ran thene  
Chrysene 
Me thy lb  enzonaph tho thiophene 
Me thy lch rysene  
C2  ch rysene  
Benzopyrene 
Me thylbenzopyrene 
M e  thy l enepe ry  l e n e  
Benzoperylene 

c2 2H4 6 

‘The,subscr ipted number a f t e r  C i n  t h i s  t a b l e  r e f e r s  t o  t h e  
number of a l k y l  carbons a t t a c h e d  t o  t h e  a romat i c  nuc leus .  
No i n d i c a t i o n  of cha in  l e n g t h ( s )  o r  p o s i t i o n  of a t tachment  
is t o  b e  i n f e r r e d  u n l e s s  s t a t e d .  
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obtained from p y r o l y s i s  of seven d i f f e r e n t  hydrocarbon gases  i n  f l u i d i z e d  

beds under cond i t ions  s i m i l a r  t o  those r epor t ed  he re .  General ly ,  t h e  

products  are p r o g r e s s i v e l y  converted t o  condensed-ring materials of 

decreasing hydrogen-to-carbon r a t i o ,  u n t i l  carbon i s  f i n a l l y  depos i t ed .  

The presence of polynuclear  aromatic hydrocarbons (PAH) i n  a 

p rocess  stream should be a warning of t h e  p o t e n t i a l  hazards  t o  a l l  per- 

sonnel  who might be exposed t o  those materials during processing o r  t o  

e f f l u e n t  materials during d i s p o s a l  ope ra t ions .  C e r t a i n  of t h e  compounds 

are known t o  be dangerous as carcinogens,  cocarcinogens,  o r  tumor pro- 

moters,  and relative r a t i n g s  of t h e  dangers have been published.5-7 

e v e r ,  t h e r e  are r e a l l y  no good q u a n t i t a t i v e  d a t a  on t h e  dangers of expo- 

s u r e  t o  many of t h e s e  compounds. The t e s t i n g  i s  f a r  from complete, and 

u n t i l  more in fo rma t ion  i s  a v a i l a b l e ,  adequate p r o t e c t i o n  must b e  fu rn i shed  

t o  l i m i t  exposure of personnel  i n  p l a n t  ope ra t ions  as w e l l  as those  i n  t h e  

environs of t he  ope ra t ion .  The continued expansion i n  b i o l o g i c a l  t e s t i n g  

of PAHs and r e l a t e d  compounds should r e s u l t  i n  t h e  nea r  f u t u r e  i n  develop- 

ment of r e g u l a t i o n s  r e l a t i n g  t o  occupa t iona l  exposure. 

How- 

Since the  q u a l i t a t i v e  i d e n t i f i c a t i o n  of many of t h e  components i n  

these  process  streams i s  n o t  unambiguous, r a t i n g  t h e  dangers a s s o c i a t e d  

wi th  t h e  streams i s  d i f f i c u l t .  Mass spectral  d a t a  i n d i c a t e  t h e  presence 

of benzopyrene (o r  isomeric  materials) b u t  cannot determine whether t h e  

substance i s  benzo(a)pyrene o r  benzo(e)pyrene. 

benzo(a)pyrene i s  a p o t e n t  carcinogen, w h i l e  benzo(e)pyrene is  only a 

mild carcinogen. Therefore ,  t h e  a l lowed  exposures might be  d i f f e r e n t ;  

however, u n t i l  unequivocal proof of i d e n t i t y  is a v a i l a b l e ,  allowed 

exposure must be d i c t a t e d  by t h e  most p o t e n t  of t h e  two. 

Tes t ing  i n d i c a t e s  t h a t  

S i m i l a r l y ,  

: -. 

'I L 

5National Research Council , Nat iona l  Academy of Sciences , ParticuZate 
Po ZycycZic Organic Matter, Bio ZogicaZ Effects of Atmospheric Po Zlu- 
tants, Washington, D.C.,  1972. 

6D. Hoffman, I. Schmeltz, S.  S .  Hecht, and E.  L .  Wynder, "On t h e  
I d e n t i f i c a t i o n  of Carcinogens, Tumor Promoters, and Cocarcinogens 
i n  Tobacco Smoke," Proceedings of t h e  Third World Conference on 
Smoking and Heal th ,  June 2 ,  1975, New York. 

71. Schmeltz, D.  Hoffman, and E .  L. Wynder, "Toxic and Tumorogenic 
Agents i n  Tobacco Smoke: A n a l y t i c a l  Methods and Modes of Origin,"  
Proceedings of t h e  Eighth Annual Conference on Trace Substances i n  
Environmental Heal th ,  June 11, 1974, Columbus, Mo. 
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and methylchrysenes have been r a t e d  as mild t o  s t r o n g  carcinogens.  

r ene ,  f l uo ran thene ,  and benzoperylene have been determined t o  b e  cocar- . 

cinogenic.  Several methyl-, dimethyl-, e thy l - ,  and t r i m e t h y l n a p h t h d e n e s  

have shown promoter a c t i v i t y .  

Py- 

EXPERIMENTAL RESULTS AND DISCUSSION 

The equipment used during t h e  l abora to ry - sca l e  perchloroethylene 

recovery work i s  shown i n  Fig. 4 .  

ments, t h e  d i s t i l l i n g  f l a s k  w a s  hea t ed  wi th  a n  e lec t r ic  h e a t i n g  mantle.  

The pe rch lo roe thy lene  vapors passed through an i n s u l a t e d  r e f l u x  con- 

denser  i n t o  t h e  primary water-cooled condenser. The h e a t  i n p u t  t o  t h e  

system w a s  c o n t r o l l e d  by t h e  vapor temperature as i t  e n t e r e d  t h e  primary 

condenser. 

keep the  carbon s o o t  i n  suspension.  

During l a b o r a t o r y  d i s t i l l a t i o n  experi-  

A magnetic stirrer w a s  used t o  prevent  v i o l e n t  b o i l i n g  and 

During t h e  l a b o r a t o r y  development work, s e v e r a l  of t h e  va r ious  r a w  

pe rch lo roe thy lene  ba tches  w e r e  found t o  c o n t a i n  anywhere from 2 t o  14% 

water. The water is  formed during carbonizing of t h e  r e s i n .  Since a 

mixture of two immiscible l i q u i d s  w i l l  b o i l  a t  t h e  temperature where t h e  

sum of t h e i r  vapor p r e s s u r e s  equa l s  t h e  system p r e s s u r e ,  a phase s e p a r a t o r  

had t o  b e  added t o  t h e  system. I f  t h e  s t i l l  is  vented t o  t h e  atmosphere, 

a mixture of pe rch lo roe thy lene  and water w i l l  b o i l  and steam d i s t i l l  

around 87"C, which i s  lower than  t h e  b o i l i n g  p o i n t  of e i t h e r  w a t e r  

(100°C) o r  perchloroethylene (120°C). Although s t e a m  d i s t i l l a t i o n  w a s  

no t  adopted as t h e  d i s t i l l a t i o n  method, i t  o f f e r s  s e v e r a l  advantages 

over s t r a i g h t  d i s t i l l a t i o n ,  p r i m a r i l y  a lower d i s t i l l a t i o n  temperature 

and much b e t t e r  c o n t r o l  of t h e  p o t  temperature.  

Measurements of t h e  weight p e r c e n t  of pe rch lo roe thy lene  i n  t h e  r a w  

scrubbing medium, t h e  s t i l l  bottoms, and t h e  d i s t i l l a t e s  were made t o  

determine t h e  e f f i c i e n c y  of t h e  recovery system. Although t h e  material 

ba l ances  over  t h e  system were only a c c u r a t e  t o  w i t h i n  p l u s  o r  minus 5%, 
t h e  performance of t h e  recovery system w a s  completely s a t i s f a c t o r y .  The 

pe rcen t  p u r i t y  and s p e c i f i c  g r a v i t y  of t h e  d i s t i l l a t e s  are given i n  

Table 4 ,  and t h e  material ba l ances  f o r  each sample are given i n  Table 5 .  

The amount of pe rch lo roe thy lene  i n  t h e  d i s t i l l a t e s  ranged from 96 t o  over 



11 

ORNL-DWG 75-17838 

THERMOCOUPLE 

THERMOMETER 

2000 or 5000 ml 

FIBERGLASS 

HEMISPHERE 

Fig. 4 .  Distillation apparatus for perchloroethylene reclamation. 

. 

99 wt %. 

necessary and that conventional evaporators are adequate for recovery. 

The high purity indicates that fractional distillation is not 

Table 4. Characterization of distillates 

Sample c2c14 
(wt X) 

Specific 
gravity 
at 25OC 

P-4 96 
P-7 99 
P-8 98 
P-10 99 

1.60 
1.62 
1.61 
1.62 



Table 5. Material ba lance  

C 2 C l 4  (X) 

I n  sample I n  bottoms Recovered Sample His tory  

P-4 R e s  i n  carboniza t ion  87 10  82 
P 
N 

P-7 Conversion and coa t ing  96 86 88 

P-8 Conversion and coa t ing  93 87 74 

P-10 Conversion and coa t ing  88 77 92 



1 3  

. 

. 

" -, 

. -  

The amount of recovered pe rch lo roe thy lene  ranged from 74 t o  92%. 

The primary reason t h e s e  recovery values  d i d  n o t  approach 100% w a s  t h a t  

material hand l ing  cons ide ra t ions  r e q u i r e d  t h e  d i s t i l l a t i o n s  t o  b e  

i n t e r r u p t e d  p r i o r  t o  completion. The most s e r i o u s  material handl ing 

problems are a s s o c i a t e d  with removing the  s t i l l  bottoms. The problem 

with handl ing t h e  s t i l l  bottoms is t h a t  t h e  r a w  perchloroethylene ob- 

t a ined  from t h e  microsphere coa t ing  o p e r a t i o n s  con ta ins  cons ide rab le  

q u a n t i t i e s  of carbon s o o t .  I f  t h e  d i s t i l l a t i o n  is made t o  maximize 

perchloroethylene recovery,  t h e  r e s u l t a n t  s t i l l  bottoms c o n s i s t  of 

s o l i d s ;  s i n c e  s o l i d  bottoms are much more d i f f i c u l t  t o  t r a n s f e r  than 

l i q u i d  bottoms, t h i s  mode of d i s t i l l a t i o n  is unacceptable.  D i s t i l l a t i o n  

of t h e  r a w  perchloroethylene obtained from r e s i n  ca rbon iza t ion  and f u e l  

rod ca rbon iza t ion  ope ra t ions  r e s u l t s  i n  l i q u i d  s t i l l  bottoms. Therefore ,  

one s o l u t i o n  t o  t h e  s o l i d  s t i l l - b o t t o m s  problem is t o  blend the  r a w  

pe rch lo roe thy lene  from a l l  ope ra t ions  i n  a manner r e s u l t i n g  i n  l i q u i d  

s t i l l  bottoms. This approach has  been t r i e d  and w a s  s u c c e s s f u l .  

Although n o t  as d e s i r a b l e  as t h e  above s o l u t i o n ,  ano the r  s o l u t i o n  

t o  t h e  s o l i d  s t i l l - b o t t o m s  problem is  t o  s t o p  t h e  d i s t i l l a t i o n  b e f o r e  

t h e  suspended s o l i d s  beg in  t o  s e t t l e  o u t .  

amount of perchloroethylene recovered,  b u t  i t  does r e s u l t  i n  l i q u i d  

s t i l l  bottoms. The l a t te r  approach w a s  used t o  o b t a i n  t h e  d a t a  shown 

i n  Table 5. The s t i l l  bottoms r e s u l t i n g  from t h e  d i s t i l l a t i o n  of P-4 
contained the  smallest amount of pe rch lo roe thy lene  because t h i s  sample, 

u n l i k e  t h e  o t h e r s ,  c a m e  from t h e  r e s i n  ca rbon iza t ion  p rocess  and con- 

t a ined  hydrocarbons,  r a t h e r  t han  s o o t .  The amounts of perchloroethylene 

recovered are n o t  p a r t i c u l a r l y  impressive,  b u t  t h e r e  were n o t  any d i f f i -  

c u l t i e s  i n  removing t h e  s t i l l  bottoms as a l i q u i d .  

This approach reduces t h e  

Following completion of t h e  l a b o r a t o r y  experiments,  t h e  recovery 

flowsheet w a s  v e r i f i e d  i n  t h e  engineer ing-scale  equipment shown i n  Fig.  

5. The 30-gal-capacity s t i l l  c o n s i s t s  of a j a c k e t e d  v e s s e l ,  two s h e l l -  

and-tube h e a t  exchangers f o r  t h e  condenser, a phase s e p a r a t o r ,  a l i q u i d  

a g i t a t o r ,  a p r e s s u r e  gage and p r e s s u r e  r e l i e f  va lve ,  level and d e n s i t y  

probes,  temperature in s t rumen ta t ion ,  and t h e  necessary pumps and piping.  
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Fig. 5. Engineering-scale perchloroethylene recovery system. 

1 

The s t i l l  w a s  f irst  checked ou t  using water, and t h e  p o t  temperature 

dropped only 2OC 16 h r  a f t e r  t h e  steam supply w a s  turned o f f .  A coo l ing  

water loop was added t o  t h e  steam j a c k e t  t o  r a p i d l y  cool  t h e  system when 

t h e  d i s t i l l a t i o n  was terminated.  

The engineer ing-scale  s t i l l  h a s  been used t o  process  a t o t a l  of 

129 g a l  of r a w  perchloroethylene.  A temperature  p r o f i l e  from a t y p i c a l  

d i s t i l l a t i o n  is  shown i n  Fig.  6.  Material f i r s t  began d i s t i l l i n g  around 

8 7 O C ,  which i s  i n d i c a t i v e  of a r a w  pe rch lo roe thy lene  s o l u t i o n  con ta in ing  

. [ I  
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Fig.  6 .  Temperature p r o f i l e  f o r  t y p i c a l  perchloroethylene d i s t i l l a t i o n .  

water. A s  soon as t h e  water w a s  removed, t h e  s t i l l  p o t  and vapor tem- 

p e r a t u r e s  e q u i l i b r a t e d  at 122 and 12OOC r e s p e c t i v e l y ;  t h e  condensate# 

temperature remained around 13°C during t h e  e n t i r e  run; t h e  coo l ing  water 

flow t o  t h e  condenser w a s  approximately 20 l i t e r s / m i n ,  w i th  an  i n l e t  tem- 

p e r a t u r e  of 8OC and an e x i t  temperature of 14OC; and t h e  steam p r e s s u r e  

v a r i e d  between 5 and 40 p s i g  during t h e  d i s t i l l a t i o n .  

d i s t i l l e d  t o  recover  80% of t h e  pe rch lo roe thy lene  t o  ensure l i q u i d -  

bottoms d i scha rge .  

c o l l e c t e d ,  t h e  steam w a s  t u rned  o f f  and t h e  coo l ing  water w a s  turned on. 

The po t  temperature dropped r a p i d l y ,  wh i l e  t h e  vapor temperature dropped 

r a p i d l y  a t  f i r s t  and then  decreased g radua l ly .  

This  ba t ch  was 

A f t e r  t h e  d e s i r e d  amount of pe rch lo roe thy lene  w a s  

SUMMARY AND CONCLUSIONS 

Perchloroethylene is  proposed as a scrubbing medium f o r  va r ious  

process  off-gas streams i n  t h e  r e f a b r i c a t i o n  of HTGR f u e l s .  

r e c y c l e  p l a n t ,  as much as 500,000 g a l / y e a r  of pe rch lo roe thy lene  i s  

est imated as necessary t o  o p e r a t e  the  scrubbers .  The recovery and re- 

cyc le  of t h i s  material is t h e r e f o r e  important t o  t h e  o v e r a l l  economics 

of r e f a b r i c a t e d  HTGR f u e l s .  Add i t iona l ly ,  t h e  volume of t h e  l i q u i d  waste 

r e q u i r i n g  d i s p o s i t i o n  i s  m a t e r i a l l y  reduced. 

I n  a l a r g e  

The experiments descr ibed 
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i n  t h i s  r e p o r t  show t h a t  t h e  pe rch lo roe thy lene  can b e  r ecyc led  by iso-  

thermal d i s t i l l a t i o n .  

The c h a r a c t e r i z a t i o n  of t h e  used pe rch lo roe thy lene  showed t h a t  t h e  

material contained no t  only carbon s o o t  b u t  a l s o  a v a r i e t y  of polynuclear  

aromatic hydrocarbons. Compounds of t h i s  type have been shown t o  have 

b i o l o g i c a l l y  active p r o p e r t i e s .  These p r o p e r t i e s  r e q u i r e  care i n  han- 

d l i n g  i n  o rde r  t o  l i m i t  personnel  exposures.  

Following t h e  s u c c e s s f u l  o p e r a t i o n  of a l abora to ry - sca l e  s t i l l ,  

which demonstrated t h e  f e a s i b i l i t y  of d i s t i l l a t i o n  as a recovery p rocess ,  

an engineer ing-scale  u n i t  w a s  assembled and ope ra t ed  with few problems. 

The engineer ing-scale  u n i t  w i l l  cont inue t o  b e  used t o  r e c y c l e  t h e  per- 

chloroethylene produced during t h e  developmental work on conversion and 

coa t ing .  A commercial u n i t  is p r e s e n t l y  be ing  eva lua ted  f o r  u s e  i n  a 

l a r g e  p l a n t .  

Based on t h e  information ob ta ined  from t h i s  work, a f lowsheet  is  

being developed t o  recover  t h e  uranium p r e s e n t  i n  t h e  s t i l l  bottoms. 

. 

- -  
I. 
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APPENDIX 

I 

COMBINED GAS CHROMATOGRAPH - MASS SPECTROMETRIC ANALYSES 

The samples were c e n t r i f u g e d  t o  s e p a r a t e  t h e  perchloroethylene 

from suspended s o o t  and water, and t h e  r e s u l t a n t  clear s o l u t i o n  w a s  

d i l u t e d  with pure perchloroethylene p r i o r  t o  i n j e c t i o n  i n t o  t h e  gas 

chromatograph. 

chromatograph equipped wi th  a s p l i t t e r  t o  a l low u s e  of t h e  flame detec- 

t o r  and mass spectrometer  s imultaneously.  The s p l i t t e r  w a s  cons t ruc t ed  

so t h a t  approximately 95% of t h e  sample w a s  d i v e r t e d  t o  t h e  mass spec- 

t rometer .  The chromatograph w a s  i n t e r f a c e d  t o  t h e  mass spectrometer  

using a porous s t a i n l e s s  steel  effusion-type s e p a r a t o r .  

t ub ing  w a s  hea t ed  s t a i n l e s s  steel  c a p i l l a r y ,  and a l l  components were 

thoroughly s i l a n i z e d  b e f o r e  use .  

a l l  ana lyses  w a s  a 180-cm- by 2-m-ID g l a s s  column packed wi th  4% 
Dexsi l  300 on 60-80 mesh Chromosorb W-HP operated i so the rma l ly  a t  28" 

f o r  6 min, then programmed a t  4"/min (and i n  two cases a t  10°/min a f t e r  

45 min) t o  a maximum of 310" w i t h  a carrier flow rate of 20 ml/min. 

These cond i t ions  d i d  n o t  a l low complete r e s o l u t i o n  of peaks,  and so many 

of t h e  peaks overlap because of i n t e r f e r i n g  components. 

Samples were i n j e c t e d  i n t o  a Varian model 1200 gas 

A l l  connecting 

The chromatographic column used f o r  

The mass spectrometer  was designed and cons t ruc t ed  a t  Oak Ridge 

Na t iona l  Laboratory (OWL) and w a s  a 30-cm, 90" magnetic s e c t o r  i n s t r u -  

ment operated a t  4 kV a c c e l e r a t i n g  v o l t a g e  and 70 e V  i o n i z i n g  p o t e n t i a l .  

Mass s p e c t r a  w e r e  ob ta ined  as o s c i l l o g r a p h  r eco rd ings .  The d a t a  w e r e  

manually t r a n s f e r r e d  t o  punched ca rds  and w e r e  processed us ing  an  IBM 

1130 computer and Calcomp p l o t t e r .  

u s u a l l y  made by comparison of s p e c t r a  wi th  a l i b r a r y  of s p e c t r a  of known 

compounds. However, i n  many cases, t h e  d a t a  had t o  b e  i n t e r p r e t e d  t o  

arrive a t  p l a u s i b l e  s t r u c t u r e s ,  s i n c e  a l l  s p e c t r a  were n o t  a v a i l a b l e  i n  

t h e  s p e c t r a l  l i b r a r i e s .  

b 

I d e n t i f i c a t i o n  of compounds w a s  

Mass s p e c t r a l  a n a l y s i s  does n o t  l e a d  t o  unequivocal s t r u c t u r a l  

i d e n t i f i c a t i o n  i n  a l l  cases. 

compounds r epor t ed  i n  t h i s  s t u d y ,  predominantly aromatic  hydrocarbons 

and t h e i r  a l k y l a t e d  homologs. 

This is  e s p e c i a l l y  t r u e  f o r  t h e  types of 

Spec t r a  of aromatic  hydrocarbons are 
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known f o r  t h e i r  s i m p l i c i t y ,  be ing  comprised u s u a l l y  of pa ren t  o r  molec- 

u l a r  i o n s  (M') and very few fragment i o n s  of s i g n i f i c a n t  i n t e n s i t i e s .  

Usual ly ,  t h e  s p e c t r a  are a l s o  c h a r a c t e r i z e d  by doubly charged molecuiar 

i ons  (M2+), which appear a t  mass p o s i t i o n s  equa l  t o  &/2, and sometimes 

t r i p l y  charged i o n s  a t  &/3 .  F o r t u n a t e l y ,  t h e  molecular i o n  i s  u s u a l l y  

of reasonable  i n t e n s i t y ;  t hus  t h e  molecular weight can b e  determined. 

However, s i n c e  t h e  fragmentat ion p a t t e r n  is u s u a l l y  q u i t e  s imple,  de t e r -  

mining t h e  d e s i r e d  s t r u c t u r a l  information is  o f t e n  n o t  p o s s i b l e .  For 

i n s t a n c e ,  no s i g n i f i c a n t  d i f f e r e n c e s  are d e t e c t a b l e  between t h e  mass 

s p e c t r a  of phenanthrene and anthracene.  Alkyl aromatic  hydrocarbons 

y i e l d  s p e c t r a  t h a t  may be u s e f u l  i n  i n t e r p r e t a t i o n  of s t r u c t u r a l  i n f o r -  

mation. Usual ly ,  t h e  s p e c t r a  w i l l  show o t h e r  i o n s  due t o  f ragmentat ion 

of t h e  a l k y l  g r o u p ( s ) ,  and o f t e n  t h i s  information is  s u f f i c i e n t  t o  de- 

termine t h e  s t r u c t u r e  of t h e  a l k y l  groups,  b u t  n o t  n e c e s s a r i l y  t h e i r  

p o s i t i o n s  i n  t h e  molecule. Thus, isopropylnaphthalene and n- 
propylnaphthalene y i e l d  s p e c t r a  t h a t  are d i f f e r e n t  and are recognizable .  

Therefore ,  unambiguous i d e n t i f i c a t i o n  by mass s p e c t r a l  a n a l y s i s  is  

d i f f i c u l t  i n  t h e s e  types of compounds. However, when used i n  conjunc- 

t i o n  with gas  chromatography, d e f i n i t e  s t r u c t u r a l  information can o f t e n  

be obtained.  I n  some cases i n  t h i s  s tudy ,  i d e n t i f i c a t i o n s  have been 

based on m a s s  spectra and chromatographic r e t e n t i o n  t i m e s ,  b u t  i somer i c  

c o n f i g u r a t i o n s  are o f t e n  p o s s i b l e  and may n o t  b e  e l imina ted  w i t h  t h i s  

information.  

A s  i n d i c a t e d  i n  Fig.  3 ,  s e n s i t i v i t y  changes w e r e  made during t h e  

run. These are i n d i c a t e d  by n o t a t i o n s  (such as i n d i c a t i n g  t h e  

f r a c t i o n  of f u l l  instrument  s e n s i t i v i t y .  The a c t u a l  peak h e i g h t s  o r  

areas do n o t  n e c e s s a r i l y  i n d i c a t e  re la t ive concen t r a t ions  of components 

because of i n a b i l i t y  t o  reset t h e  f lame-detector  - mass-spectrometer 

s p l i t  r a t i o  t o  t h e  same r a t i o  each t i m e  and because of changes i n  flow 

rate during t h e  run.  I n  s p i t e  of t h e  c a r r i e r - g a s  flow c o n t r o l l e r ,  small 

d r i f t s  i n  flow were experienced during runs ,  and any small d r i f t  caused 

a corresponding change i n  flow t o  t h e  d e t e c t o r ,  r e s u l t i n g  i n  an apparent  

v a r i a t i o n  i n  s e n s i t i v i t y .  I n  a d d i t i o n ,  comparison of peak h e i g h t s  be- 

tween d i f f e r e n t  runs should a l s o  t a k e  i n t o  c o n s i d e r a t i o n  t h e  d i l u t i o n  

f a c t o r s  used i n  making up t h e  sample i n j e c t e d .  
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