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LEGAL NOTICE 

This repor t  was  prepared by t h e  Genera l  E lec t r i c  Company (GE) as ' an  
account  of work sponsored by t h e  Depa r tmen t  of Energy (DOE). Nei ther  DOE, 
members  of DOE, nor GE, nor a n y  person ac t ing  on behalf of e i ther ,  including 
Commonweal th  Resea rch  Corporation: 

A. Makes any war ran ty  or  representa t ion ,  express o r  implied, w i th  r e spec t  
t o  t h e  accuracy ,  completeness,  o r  usefulness of t h e  informat ion  
contained in this  r epor t ,  o r  t h a t  t h e  use  03 any  information,  appara tus ,  
method,  or  process disclosed in this  repor t  may not  infr inge privately . 
owned rights; or  

8 ,  Assumes any liabilities with r e spec t  t o  t h e  use o f ,  o r  for  damages  
resulting f rom t h e  use o f ,  a n y  information,  appara tus ,  method,  o r  
process disclosed in this  report .  



FOREWORD 

The Dilute Chemical Decontamimt im Program is funded by the  United S ta tes  

Department of Energy and is managed by t h e  Commonwealth Research 

Corporation. 

The technical activities of this program a r e  being conducted by the  General 

Elect r ic  Company. 
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DILUTE CHEMICAL DECONTAMINATION PROGRAM 

QUARTERLY REPORT 3 

APRIL 1 TO JUNE 30,1978 

ABSTRACT 

The progress of the  Dilute Chemical Decontamination Program for t h e  period f rom April 1; 

1978, through June 30, 1978, is discussed. 

1. INTRODUCTION 

This third quarterly report for t h e  Dilute Chemical Decontamination Program covers t h e  

General ~ l e c t r i ;  work duri& t h e  second q u a r t e r ( ~ ~ r i 1  through June) of 1978. Previous work 
. . performed from program inception through March 1978 was described in t h e  previous 

1,2 quarterly reports. 

2 SUMMARY 

The major experimental and engineering highlights of t h e  Dilute Chemical Decontamination 

Program during the  second quarter of 1978 a r e  a s  follows: 

I .  The by-products generated by the  radiolytic decomposition of oxalic acid, 

ethylenediaminetetraacetic acid (EDTA), nitr i lotr iacetic acid (NTA), c i t r ic  acid,  

and ascorbic acid were  determined by exposing 0.01 - M solutions of t h e  metal- 
7 iowfree  acids t o  a dose of 4 X 10 rad at 9 0 ' ~  with an iner t  gas atmosphere. 

The decomposition by-products of oxalic acid a r e  essentially all volatile, while 

the  decomposition by-products of t h e  other  4 reagents a r e  primarily non- 

volatile, degraded forms of the  reagents. Oxalic acid decomposes t o  H2 and 

co2. The volatile decomposition by-products of t h e  other four reagents a r e  H29 

C 0 2 ;  CO, CH4, C2H6, N2, and other  unidentified hydrocarbons. 



The radiolytic decomposition ra tes  of oxalic acid, M A ,  and EDTA were 
7 investigated. At a dose of 1 X 10 rad,  t h e  residual concentratiom of 0.01 - M 

solutions of oxalic acid,  NTA, and EDTA were 0.002, 0.005, and 0.0003 - M, 

respectively. Based on present' est imates of BWR core dose ra tes ,  exposures of 
7 1 X 10 rad during a dilute chemical decontamination seem reasonable. Thus, 

significant quantities of t h e  reagents will decompose. However, t h e  desired 

reagent concentrations probably can be maintained by periodic or continuous 

injections of t h e  reagents. 

3. The dissolution ra tes  of mirradiated U02 pellets, in 0.01 - M solutions of o w l i c  

acid, EDTA, and NTA a t  9 0 ' ~  were acceptably low. 

4. The general corrosion ra tes  of 'unirradiated production-line Zircaloy-2 fuel 

cladding in 0.01 - M solutions of oxalic acid and EDTA a t  9 0 ' ~  were  acceptably 

low. 

The reagent regeneration and water purification processes were investigated 

under mini-loop conditiorrs. The Co-60 activity in solution was controlled 

successfully by periodic regeneration during mini-loop dissolution t es t s  con- 

ducted with oxalic acid and NTA. cation-exchange resins were used in both 

tes ts .  The water purification proaess was demonstrated by removing EDTA and 

Co-60 activity from solution a t  the  conclusion of a mini-loop dissolution test .  A 

mixed bed of ion-exchange resins was used. These loop tes ts  support t h e  

previous ion-exchange process results obtained in beaker tests. 

' 6. The radionuclides alxorbed on the regeneration and purification ion-exchange 

resins during a dilute chemical decontamination of a 5-year-old BWR will not  

cause  significant radiation damage t o  the  resins. 

7. At fi l ter  loadings below 10% of the  fi l ter  m a t ~ i x  weight and flow ra tes  below 

40 1 /tec/rn2, the removal efficiency for FeZ03 of the SALA-HGMS r n a p e t i c  

f i l ter  ( ~ o d e l  10-15-5) with SALA medium-grade Type-430 stainless s teel  wool 

was greater than 80%. However, t h e  removal efficiency decreases as the fi l ter  



NEDC- 12705-3 

loadings increase; i.e., the  efficiency is approximately 50% a t  loadings equal t o  

30% of the filter matrix weight. The fi l ter  system tested in this program could 

be effectively backwashed. 

8. Preoperational testing of the VNC test loop was successfully completed. All 

instrumentation was calibrated. 

9. General corrosion tes ts  were conducted under s t a t i c  conditions t o  provide d a t a  

on the  general corrosiveness of t h e  potential reagents. The low alloy s teel  

corrosion r a t e  in  0.01 - M solutions of oxalic acid  was acceptably low, while the 

corrosion ra tes  in 0.01 - M solutions of EDTA, NTA, and a t r i c  acid were excessive. 

10. Additional general corrosion tes ts  were conducted t o  evaluate  the  e f fec t s  of 

several addi tives and corrosion inhibitors on t h e  corrosion r a t e  of a low alloy 

s teel  in 0.01 - M NTA. Only phenylthiourea, a sulfur compound, was effect ive  in  

reduang  the  corrosion r a t e  to an acceptable level. However, because cer ta in  

sulfur compounds (such as,  polythi&ic acid) in i t ia te  s t ress  mrrosion cracking i n  

austeni tic stainless steels, phenylthiourea will not be used in the  dilute chemical 
. . 

decontamination solvent formulation. 

3. TASK 1 - SOLVENT EVALUATION AND SELECTION 

3.1 SOLVENT DEVELOPMNT - J. P. Peterson and R. E. Cest 

During t h e  previous report ethylenediaminetetraacetic acid (EDTA), nitrilotri- 

a c e t i c  ac id  (NTA), and oxalic acid, were selected fo r  further study. Dilute solutions of 

these reagents are  capable of dissolving 80% or more  of t h e  Co-60 in BWR out-of-core 

deposits in less than 72 h. In addition, the  previous effor ts  included: (a) evaluating the 

eff e c t r  of pH, temperature,  and reducing agents on t h e  dissolution r a t e  of BWR out-of-core 

oxide films; (b) evaluating the  response of the reagents under mini-loop conditions; and (c) 

measuring t h e  dssolution r a t e  of fuel deposit s a a p n g s .  

Solvent development effor ts  during this report  period were: (a) initial evaluation of t k  

racfiolytic stability of the  various reagents, b) evaluation of t h e  effect  of se lected reagents 

on unimadiated U02 pellets and on fuel cladding, and (c) evaluation of the properties of the 

various solvent systems under mini-loop c o n d  tions. 



3.I.l Experiment a1 Apparatus and  Facilities 

The out-of-core deposit dissolution and process studies were conducted i n  reaction kettles 

and glass mini-loops whereas t h e  U 0 2  dissolution and dadding t es t s  were conducted only in 

reaction kettles. 

The solvent radiation stabil i ty measurements were performed in  the VNC Co-60 facil i ty.  

This facility consists of 12 stainless steel  pira which contain approximately 1 5  kCi of Co-60. 

T k s e  pins were  plamd in  a circular a r r a y  a r o m d  a 10-cm-diameter pipe, whose length 

extended from t h e  pins through a 6-m water shie ld . to  the  surface,  providing a drywell. With 
6 this configuration,a dose r a t e  of 1 . 6 ~  10 R/h was obtained. 

Two types of radiation stability t e s t s  were conducted. The initial t e s t s  were run for 24 h in 

a stainless s teel  cylindrical vessel which contained approximately 50 ml of solution. The 

vessel (Figure 1.) was equipped with th ree  ports which were used for  gas sparging, for a 

thermocouple, and for collecting the  gas generated during the  irradiation. The vessel was 

wrapped with a Nichrome wire and insulated for  elevated temperature  operation. A 

subsequent t e s t  was performed t o  measure the decomposition of the reagents as a function 

of cumulative dose. In this case,  small vials were used and no a t t empt  was made t o  contain 

or  t o  analyze the  gas produced. 

3.12 Reagen t  Radiation Stability 

3.1.2 1 Radiolytic Dea>mpo6itian By-Products 

Tests were conducted t o  obtain information on the  radiation stabil i ty of the three  primary 

reagents. In addition, t e s t s  were conducted with d t r i c  and ascorbic a d d s  because c i t r ic  

ac id  m'ay be required in  an  oxalic acid  'system and asoorbic acid  will be required in  NTA and 

EDTA systems. These tests ,  performed with t h e  m e t  al-ion-free organic a d d s ,  were  

designed t o  determine the  extent of degradation a t  a radiation exposure equivalent t o  tha t  

expected during a plant decontamination. A 24-h exposure was used. To distinguish 

between thermal and radiolytic decomposition, comparison tests were made i n  an identical 

vessel under identical conditions without t h e  radiation field. All t e s t s  were' conducted at 

90°c, wi th  0.01 M solutions.of the metal-ion-free organic acids at pH 3.5. The solutions - 
were de-cxygenated in t h e  t e s t  vessel before t h e  t e s t s  by sparging with helium gas. The 

vessel was sealed at the end of the sparging t o  provide an inert  atmosphere during the  tes t .  
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The resul ts  of t h e  f i r s t  exper iment  wi th .EDTA showed extens ive  degradation;  t he re fo re ,  a 

m e t b d  was added t o  ob ta in  quant i ta t ive  d a t a  on the  vola t i le  spec ies  produced. This me thod  

involved introducing a known quanti ty of k y p t o n  gas in to  t h e  vessel a f t e r  t h e  vessel was  

sparged wi th  helium and sealed.  After irr 'adiation, t h e  quanti t ies  of  volat i le  spec ies  were  ' 

measurd by gas chromatography.  In addit ion,  t h e  solutions were  analyzed  f o r  residual oxal ic  

ac id ,  NTA, and EDTA mnckn t ra t ions .  The oxa l i c  a c i d  was de termined by t i t r a t i on  wi th  

K M ~ O ~ . ~  T h e  NTA was de termined by t i t ra t ion  with magnesium using a buffer ,  masking 

a g e n t ,  and  oxidyl blue as an  indicator4 and the EDTA by t i t r a t i on  wi th  z inc  using Erichrome 

Black T indicator .  5 

The various , spec i e s  o h s e r w d  i n  t h e  gas  phase above  t h e  i r rad ia ted  solutions and  t h e i r  

re la t ive  a bundances a r e  presented  i n  Table I. Hydrogen was  a major  const i tuent  in all f ive  

tests. The hydrogen could have  resul ted f r o m  severa l  sources; such as, t h e  H 2 0 ,  the 

ammonia ,  o r  t h e  reagent .  Since t h e  concent ra t ions  of nitrogen and oxygen were  low re la t ive  

t o  hydrogen, i t  c an  be concluded t h a t  t h e  reagents  were  t h e  major  s o u r e  of hydrogen. 

The relat ive abundances of t h e  carbon-bearing gas s p e a e s  a r e  given i n  Table 2. The  

p redomimnt  gas spedes were  C O  and C 0 2 .  In three tests, however,  o the r  hydrocarbons 

h c h  as, me thane  and e thane )  were  also observed. The  abundances of t h e  spec ies  which 

were  not readily ident i f iab le  a r e  repor ted  (Tables 1 and  2) as the sum of th;t speaes 

observed. Ammonia was  observed o n l y i n  t h e  EDTA te s t .  

The quant i ty  of each  organic  s p e a e s  genera ted  i n  e a c h  test was  de termined by compar ing  

t h e  concentrat ion '  of t h e  organic s p e a e s  t o  t h e  k y p t o n  spike concentrat ion.  The  t o t a l  

quan t i t y  of carbon a t o m s  m l l e c t e d  i n  the gaseous phase was  ca lcula ted  by summing t h e  

quanti ty of carbon a toms  in each  organic species. For  t h e  unidentified s p e d e s ,  i t  was 

assumed e a c h  molecule  contained a n  ave rage  of two  carbon a toms .  The to t a l  quant i ty  of 

carbon a toms collected was compared with t h e  number of carbon a toms  initially present  i n  

solution, which was determined f m m  the measured concent ra t ion  of the reagen t .  This 

comparison provided an e s t ima te  of t h e  e x t e n t  of decomposit ion t o  volatile s p e a e s .  

The resul ts  obtained by th i s  i n t e r p r e t a t i m  of t he  g a s  phase d a t a  and  by t h e  t i t r e  of t h e  
7 solutions a r e  given i n  Table 3. At  a cumula t ive  dose of 4 x 10 r ad ,  oxal ic  a d d  has  nearly 

comple t e ly  decomposed t o  C 0 2  and H2. In t h e  nonirradiated oxal ic  a c i d  test, a p p r e a a b l e  

decomposition was also observed,  but i n t e rmed ia t e  nonvolatile products  were  formed.  The  

residual oxal ic  a c i d  solutions w e r e  ut i l ized i n  dissolution tests wi th  contaminated  pipe 



TABLE 1. Volatile Species Resulting from Radiolytic Decomposition 

( 4  x 10' rad; 90°c, 24 h) 

Relative Abundanoes (5%) Nurn ber of 

N2 NH3 .CO Unidentified Unidentified 
Reagent "2  - - - O2 CO - - - CH4 '2"6 Hydrocar bonr - - Species 

Oxalic Acid  50.1 0.4 - - 0.3 49.2 - - - 0 
NTA 83.8 0.5 - - 7.0 , 4.7 2.1 1.2 0.6 3 

EDTA 76.0 5.8 1.1 0.4 7.0 7.7 0.7 - 1.3 6 
Citric Acid  65.3 0.1 - - 0.8 31.8 ' 0.2 - 0.5. 1 

A s b r b i c  Acid 40.9 0.3 - - 3.3 55.5 - - - 0 

Reagent 

TABLE 2. Carbon-Bearing G a s  S p e a e s  R e d  ting from R a d i d  y t i c  Decomposition 

(4 x lo7 rad; 90°c, 24 h)  

Re1 at ive  Abundances (%) 

'2"6 
Unidentified 

- Hydrocarbons 

Oxalic Acid  0.6 99.4 - - - 

EDTA 

Citric Acid 2.3 95.8 0.4 - 1.5 

Asoorbic Acid 5.4 94.6 .. - . - 

Number of 
Unidentified 

Species 



Reagent 

Oxalic Acid . 

NTA 

EDTA 

Ci t r i c  Acid 

~ s c o r b i c  Acid 
C O  

TABLE 3. Radid ytic and Thermal Decomposition 

(4 x lo7 rad; 90°c, 24 h) 

Radid yt ic  + Thermal Decomposition Thermal Decomposition 
(% Decomposed) (% Decomposed) 

Gas Phase Gas Phase 
Sol u t i m  Phase (Vol atil e Carbon Species) Solution Phase (Volatile Carbon Species) 

a A residual of 57% was measured a t  a t i trat ion r a t e  significantly slower 

than tha t  for oxal i c  acid. 

b ~ o t  performed or analyzed. 

' ~ o t  spiked with krypton. 
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coupons. No dissolution was observed to  occur in ei ther tes t .  This indicates t h e  nonvolatile 

s p e d e s  which t i t ra ted in  the  nonirradiated oxalic acid  solutions probably were  not oxalic 

a d d .  Further investigation i s  required on t h e  thermal stability of oxalic acid. 

The results with NTA and EDTA s b w  no complexing agent remains af ter  the  24 h exposure. 
' Since t h e  gas analysis for t h e  NTA experiment indicates only 17% of t h e  NTA decomposed 

t o  volatile s p e d e s ,  t h e  remainder of the NTA must have decomposed t o  degraded forms of 

NTA. Most likely EDTA also decomposes t o  ,degraded nonvolatile speaes. Thermal 

decomposition of the nonirradiated solutions of 'EDTA and NTA would not be expected at the  

temperatures used. 6 

A visual observation was made of the inside surface of the stainless s teel  oontainer a f t e r  

each irradiation experiment for possible film formation. Only in t h e  ascorbic acid t e s t  was 

a film observed and th is  film was high in  iron and contained no organic material .  

The radiolytic decomposition results are in general agreement with the  findings of 

 other^,^-^ which indicated tha t  for a n  E D T A - d h i c  acid  solution (Trilon 8) only "traces" of 
7 t h e  reagents remain at an absorbed dose of 1.3 x 10 rad and tha t  for  an oxalic acid solution 

the conoentration is depleted from 0.01 t o  .001 M after  a n  exposure of approximately 3 x 10 7 - 
rads. 

3.1.22 Reagerrt Radiolytic Deoornposit.cn R a t e  

Based on t h e  results presented i n  Section 3.1.2.1, it was apparent t h a t  extensive depletion of 

the  reagents would occur and t h a t  this depletion could have important proaess implications. 

I t  was necessary t o  establish t h e  ra tes  of radiolytic decomposition for  t h e  reagents. 

Solutions of t h e  three reagents at 0.01 - M and pH 3.5 were placed i n  glass vials, de- 

oxygenated with helium gas, and irradiated fo r  1.5, 3.5, 6, 7.5, 17, and 24 h with t h e  same 

C+60 pin anf igura t ion  as used in  the  previous tests. The irradiations were  conducted at 

approximately 30 '~ .  The vials were  lowered in to  t h e  gamma field in a container in which 

one vial of each reagent was irradiated at the  s a m e  elevation. At the  end of an exposure 

period, vials at a single elevation were removed and t h e  container re-irserted in to  t h e  field. 

In t h i s  way, the vials wntaining the  three  different reagents removed at a given t ime  

received t h e  same exposure. , The initial and irradiated solutions were analyzed for reagent 

concentrations. 3,4,5 

The results of the analyses a r e  s b w n  in  Figure 2 The EDTA is total ly depleted by 
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7 approximately 1 x 10 rad, which is consistent with t h e  r a t e  observed f o r  Trilon B . ~  The 

oxalic acid  result i s  in  reasonably good agreement with the decomposition r a t e  reported by 
8 Motojima (Figure 2). Based on prksent es t imates  of BWR core  d m e  ra tes ,  t h e  radiolytic 

decomposi ticn r a t e  of o d i c  acid will be significant in  a decontarninatim performed within 

a few days a f t e r  a reactor shutdown. However, this problem probably can be overcome by 

continuous or periodic injections of the reagents. 

0.01 

0.01 MOXALIC AClD - 
A 0.01 M EDTA - 
+ 0.01 M NTA 

0 0.01 M OXALIC AClD (MOTOJIMA) - 
--- 0.01 M CO+~-EDTA (CHCAlG)-. 
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10 Chuang determined the  radiolytic decomposit im r a t e  of the CO'~-EDTA complex t o  be 

considerably more rapid (Figure 2). T h s  may have resulted because t h e  radiolytic 
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decomposition r a t e  of metal-ion complexes may be make rapid than t h e  radiolytic 

decomposition r a t e  of metal-ion-free complex. Addi tional experiments will be performed t o  

evaluate  the  decomposition r a t e  of t h e  ~ e ' ~  complexes. 

3.1.3 Dissolutim of Unirradia tedU02Fuel  Pellets  

Since the  dilute chemical decontamination process potentially may be applied when 

defective fuel i s  in  the core,  the  e f fec t s  of the process on exposed fuel  must be evaluated. 

The major concern in this a rea  is t h e  dissolution of t h e  U 0 2  fuel o r  leaching of t h e  fission 

products or  actinides. Dissolution tes ts  were conducted t o  evaluate the  dissolution r a t e  of 

unirradiated U 0 2  fuel pellets in 0.01' - M solutions of t h e  th ree  reagents under low O2 

conditions a t  90 '~ .  Periodri: sarn ples were taken and analyzed for  uranium concentration by 

fluorom etry. The final solutions were analyzed by isotope dilution mass spectrometry,  using 

U-233 a s  the isotopic diluent. In addition, the weight loss for each of the U 0 2  pellets was 

determined. 

The &ssolution curves for  the thee experiments a re  s b w n  in Figure 3. In the o w l i c  acid  

and NTA tes ts ,  t h e  inital samples taken a f te r  approximately 1 h contained 7 0  to  80% of t h e  

total  uranium dissolved in  the experiments which lasted 75 h. The dissolution r a t e  between 

1 and 7 5  h was extremely small. This behavior probably resulted f rom the  dissolution of f ine 

U 0 2  p a r t i d e s  which were created i n  p e p a r i n g  the samples. The dissoluticn curve in  the 

EDTA experiment did not exhibit t h e  rapid initial dissolution. In all th ree  experiments t h e  

dssolution r a t e  was acceptably low. 

! 1 .  I ! I I I I 
CONCENTRATION 0.01 M 
TEMPERATURE 90°C 

0.08 ATMOSPHERE LOW O2 

TIME lhl 

-. 
F I G U R ~ ~ ~ ' U N I R R ~ A ~ E D ~ U O ~ ~ E L L E T  DISSOLUTION 
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Additional experiments will be performed t o  determine t h e  dissolution r a t e  of irradiated 

U 0 2  and the  leaching r a t e  of plutonium, transplutonium elements,  and fission products. 

3.1.4 Effect  of Solvent on Fuel Cladding 

Several experiments were  conducted t o  determine t h e  general corrosion r a t e  of unirradiated 

production-line Zircaloy-2 fuel cladding in 0.01 - M solutions of EDTA and oxalic acid. 

Stainless s teel  and carbon s teel  corrosion coupons also were subjectkd t o  t h e  solutions t o  

simulate a decontamination solution environment. The tests were conducted a t  9 0 ' ~ .  The 

experimental conditions and results a r e  given in Table 4. The corrosion ra tes  of the  Zircaloy 

coupons were extremely low in all four tests. In addition, an optical microscopic inspection 

(a t  100 x) of the  coupons indicated no penetrations or b r e a k  in the  Z r 0 2  film. 

TABLE 4. Zircaloy-2 General Corrosion Results 
Total 

 LOW^ Time Corrosi 
Solution PH O2 (h) 

Y' 
(mg/cm - - 

EDTA 3.5 No 88 0.024 , 

EDTA 3.6 No 18 . 0.03 1 

EDTA 6.0 Yes 43 0.029 

Oxalic 3.7 No 4 5 0.021 

a Low O2 condition established by sparging 

with nitrogen for - > 2h before the  test .  

3J.5 Mini-Loop Tests 

A side loop with an ion-exchange column was added t o  one of the  mini-loops. Several ex- 

periments were conducted t o  evaluate t h e  ability of t h e  reagent regeneration and water  

purification systems t o  process solutions generated by dissolving BWR corrosion products 

and activity. All previous tests have been conducted with solutions containing simulated 

corrosion products. 

The experimental conditions for th ree  mini-loop tests a r e  given in Table 5. In t h e  oxalic 

acid and NTA experiments the  reagents were regenerated during portions of t h e  tes ts  by 

passing t h e  solutions through a cation-exchange resin bed. The cation-resin regeneration 
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process probably removed only t h e  divalent ions (such as, CO", Fet2, and Nit2) and did not 

remove Fet3. However, removal of F d 3  was not important i n  these  experiments because 

the re  was an excess solvent capacity r d a t i v e  t o  t h e  quantity of iron available f o r  

dissolution. Theref ore, the  dissolved Fet3 shod d not have had an adverse e f fec t  on the 

chemistry. The dissolution cwves  (percentage Co-60 dissolved as a function of time) and 

the Co-60 activit ies in  the  solutions (shown as  percentage of the total cobalt initially on the 

coupon as a function of time) are  given in  Figures 4 through 6. 

TABLE 5. Mini-Loop Tests with Ion-Exchange Processes. 

Ion Exchange Process 

R a t e  

Concent raticn (% Sduticn 

Test - Reagent (M) - I?!! Process - Resin vol / mi n) 

1 Oxalic Acid 0.006 2.6-3.2 Regeneration Cation '. 2.4 

Ci t r i c  Acid 0.001 6 N H ~ +  

2 NTA 0.0086 3.5 Regeneration Cation 2.4 

Ci t r i c  Acid 0.0015 50% H+ 

Ascorbic Acid 0.001 9 50% NH4+ 

3 EDTA 0.0065 4.4 Water Mixed-Bed 2.4 

Asoorbic Acid 0.0007 Purification OH-, H+ 

In both experiments, t h e  catiowexchange resin was effect ive  in removing t h e  Co-60 f rom 

the  solution. The ra tes  of removal of the Co-60 from solution agree  reasonably well with 

t h e  rates predicted f rom the regeneration equation.2 These experiments demonstra te  

cation-exchange resin can be effect ive  in  controlling the Co-60 i n  solution during a dilute 

chemical decontamination with ei ther an oxalate or  NTA-based sol vent system. 

Since EDTA solutions cannot be regenerated,2 the EDTA mini-loop test was conducted 

without regeneration. After approximately 20 h of dissolution, t h e  solution was passed 

t h o u g h  a mixed-bed ion-exchange resin column t o  evaluate  the water purification process. 

When t h e  Co-60 activity in solution reached essentially zero,  t h e  mixed-bed c d u m n  was 

valved out and a second injection of EDTA and ascorbic acid  was made. After an  additional 

20 h of disolution, t h e  mixed-bed column was valved in and t h e  Co-60 activity in solution 

again dropped r a p i d y  t o  essentially zero. The removal ra tes  were in reasonable agreement 
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with valuer predicted from the regeneration equation2 using a zero addition rate. This 

experiment demonstrated the Co-60 activity can be removed at the end of a decontarnina- 

tion with mixed-bed iowexchange resin. 
, 

14 

/ TEMPERATURE /. ' P H 

CONCENTRATION 

OXALIC ACID 0.006 M 
CITRIC ACID 0.0016~ 

REGENERATION RATE 2.4%/min 

ION EXCHANGE 

- 
0 5 10 15 20 25 

TIME (hl 

F ' ~ G U R E ' ~ ~ O X A L ~ C ~ A C ~ D  MINI-LOOP TEST WITH REGENERATION 
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3.2 WATER PURIRCAT20N (SOLUBLE SPECIES) 

3.21 ELtfect of Radiaticn on Icm-Exchange Resins -R.L, Hobart 

Since i t  is anticipated tha t  most of the  radionudides removed from the  out-of-core and  fuel  

surf aces during a dilute chemical decontamination will be collected on ion-exchange resins, 

t h e  potential degradation or loss of capacity of t h e  resin because of radiation is  of concern. 

Consequently, the  maximum anticipated dose r a t e  t o  the  resin during a BWR 

decontamination was estimated and compared with l i tera ture  da ta  on t h e  e f fec t  of r a d a t i o n  

on ion-exchange resins. 

The dose ra te ,  @, a t  the  center  of a cylinder can be estimated by 11 

where 

Sv = specific strength of the volume source 

B = buildup factor ,  and 

= linear a k o r p t i m  coefficient 

An estimated resin volume2 of 15,000 l i ters was assumed to b contained in  a single 

cylindrical column. A maximum inventory of 50,000 C i  of Co-60 was determined by 

multiplying the  highest Co-60 c o n c e n t r a t i k  (-9.5 ~ i / m ~ ) ~ '  measured t o  d a t e  on a BWR f w l  
1 3 2 bundle by the  approximate fuel cladding surface  a r e a  i n  Nine Mile Point (4.3 x 10 m ) and 

assuming C-60 represented 80% of the total  dose t o  the  resin. 

Thus, t h e  volume source term is 

SV = 50,000 Ci t 15,000 l i ters = 3.33 Cilliter 

o r  
8 - 1 - 3 3 , l x t n  M c V s e ~  m . 
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The  linear absorption coefficient was assumed t o  be 0.06 cm'l. The buildup fac to r  was 

es t imated by 11 

A, I-A, 

where Al ,  a l ,  a n d a 2  a re  the buildup parameters. 

With water a s  the a t tenuat ing media and 1.0 MeV gamma rays, t h e  values for  Al ,  al, and a2 

are  19.601, 0.0904, and -0.0252, respectively. Thus, B i s  equal t o  2.5. A maximum dose 
2 4 ra te ,  $, of 1.3 x 10" MeV/crn sec or 2 3  x 10 R/h, was determined by multiplying the  

values determined for SV, ps, and E3. 

7 ~ a u m a n n ' ~  concluded that,"When the dose exceeds 10 rad, peraeptible damage t o  the  resin - 

is t o  be expected." However, ~ a k a n n ' s  data13 i n d c a t e  that  below a cumulative dose of 
7 1 0  rad,  neither cation-exchange nor anicn-exchange resins have significant degradation o r  

loss of c a p a a t y .  Thus, degradation of the  ion-exchange resins should not be a problem 

during the  decontamination of a BWR nor for approximately 20 days a f t e r  the  decontamina- 

tion. 

In addition, even if perceptible degradation does begin t o  occur a f t e r  20 days, t h s  should not 

c rea te  a majar problem since t h e  resins will probably be discarded, then loss of capacity will 

not be s o  important.  

1 3  FILTRATION-E.A. Melaika 

During a dilute chemical decontamination process, crud p a r t i d e s  will be released t o  the  

a r c u l a t i n g  solvent f rom lovz-flow areas, crud traps, and t h e  fuel and now fuel surf aces. The  

primary s p e a e s  is  a n t i a p a t e d  t o  be clFeZ03, which typically dissolves at a lower r a t e  than 

t h e  other major s p e a e s  present in BWRs ( ~ i F e ~ 0 ~ ) .  To prevent t h e  released par t i d e s  f rom 

sett l ing into low-flow areas  and potentially creat ing "hot spots:' a fi l trat icn system will be 

needed t o  remove the  0.1 t o  5.0 m p a r t i d e s  from the solutim. The actual  filtration 

system selected will depend on several factors; e.g., the  quantity of a u d  released, available 

space i n  the  reactor,  and oper'ational consi dera t ims.  
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In t h e  f i rs t  quar te r ly  repor t ,  t h e  resul ts  of a n  engineering study t o  e v a l u a t e  f i l t e r  sys t ems .  

fo r  use i n  a d i lu te  chemica l  decontamination process were  presented. Two commercia l ly  

ava i lab le  f i l te r  units which appeared  t o  be promising sys t ems  were  ident i f ied  f o r  test ing.  

These  were: (1) a high gradient  magne t i c  s epa ra to r  (HCMS), and  (2) the Votator-Schenk 

f i l te r  which ut i l izes f i l te r  aid with a u t o m a t i c  c a k e  discharge. In addition, c a r t r i d g e  

f i l t r a t i m ,  which i s  widely used i n  the  n u d e a r  indus t ry  m a y  be a accep tab le  a l te rna t ive .  

However,  ca r t r i dge  f i l te rs  can  be used o n l y i n  s i tuat ions where  relat ively small quant i t ies  of 

c rud  a r e  expected  t o  be released.  

A SALA-HCMF magne t i c  f i l t e r  (Model 10-15-5) was  purchased. The exper imenta l  program 

conducted with t h s  sys t em consisted of evaluating: (1) t h e  f i l t ra t ion  e f f i a e n c y  with a 

cons tant  f e e d  concent ra t ion  a t  low and high f i l t e r  loadings, (2) t h e  f i l t ra t ion  e f f i a e n c y  i n  a 

r e a r c d a t i n g  sys t em,  and (3 )  t h e , e f f i a e n c y  of backwashing techniques. The  tests in tended 

t o  e v a l w t e  the  Votator-Schenk f i l t e r  technique were  de le ted  f m m  the  program because  

s u f f i a e n t  expe r i ence  ex i s t s  within t h e  f i l t rat ion industry t o  show t h a t  iron corrosion 

products  in  t h e  0.1 t o  5.0 v m  range c a n  be f i l te red  ef f ic ien t ly  w i t h  ava i lab le  pressure , 

f i l t rat ion sys t ems  and techniques. Also, no tests were  performed with cartr idge-type f i l t e r s  

because  su i t ab l e  labora tory  s a l e  equipment was not available. 
. , 

3.3.1 Experimental Techniques 

The Dresden-2 r e a c t o r  contains approximately 3,800,00 l i t e r s  of obolant and approximate ly  

280 kg of corrosion product oxides.' I t  i s  an t i c ipa t ed  t h a t  up  t o  25% (70  Kg)  might be 

sloughed during a decontarn ina t im.  If all of t h e  sloughed c o r r o s i m  product  w e r e  i n  

suspension a t  one t ime,  t h e  part icle  concent ra t ion  would be approximately 1 8 0  ppm. 

Consequently,  180 ppm was se lec ted  as t h e  r e fe rence  concent ra t icn  f o r  the i nitial tests .  

All f i l t r a t i m  t e s t s  were  performed using 0.1 t o  1.0 p m  Fe203 t o  s imu la t e  t h e  sloughed 

corrosion products. T h s  se lec t ion  was m a d e  because t h e  loosely-adherent oxides which 

probably will be sloughed f rom the fue l  and non-fuel s u f a c e s  are essent ia l ly  100% c z ~ e Z 0 ~ .  

In addit icn,  the reagents  being considered i n  th is  program dissolve aFe203 at a considerably 

lower r a t e  than  they  dissolve NiFe204. 

The f i l t e r  test a m a r a t u s  i s  s b w n  i n  Figure  7. The f e e d  r e s a v o i r  was  a 12 l i t e r ,  3-neck 

f lask equipped with e l ec t r i c  hea t ing  mantles. A gear pump was used t o  r e a r c d a t e  t h e  f e e d  

s lur ry  i n  the  reservoi r  and t o  pump the s lu r ry  t h o u g h  t h e  t e s t  loop. A motor-ctriven s t i r r e r  



FIGURE 7. MAGNETIC FILTER TEST LOOP 
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was s e d  to  a g i t a t e  t h e  f e e d  slurry. Three-way valves were  used to  route  t h e  s lurry t o  t h e  

magne t i c  f i l te r  and  t h e  sampling containers .  The t empera tu re  of the slurry was  measured  

with dial t he rmomete r s  at t h e  in le t  and o u t l e t  of t h e  filter.  R o t o m e t e r s  were  used to 

es tabl i sh  f low ra tes ;  however, t h e  a c t m l  f low r a t e s  were  de termined by measur ing  t h e  

volume of liquid co l l ec t ed in  a given time. 

The  IJ5-cm-darneter  f i l te r  tube was packed wi th  15.2 c m  of SALA m d i u m  grade Type 430 

stainless  s tee l  wool. T h e  f i l te r  m a t r i x  weighed 4.9 gm and occupied a volume of 1 6  ml. All  

t e s t s  were  rm a t  5000 gauss, the maximum available f i e ld  of the i m t r m e n t .  

In each  t e s t ,  1 1 l i te rs  of solution were  added t o  t h e  f e e d  reservoir  and adjusted t o  t h e  test 

t e m p e r a t u e .  The desired a m o m t  of Fe203 was mixed wi th  300 ml of water  i n  a blender and 

added t o  t h e  solution in  t h e  f e e d  reservoir. T h e  process flow paths f o r  t h e  t h r e e  types  of 

t e s t s  are s h w n  i n  Figures 8, 9, and  10. The f low r a t e  was controlled by adjust ing the 

t h r o t t l e  valve on t h e  r e a r c u l a t i o n  line. Sample  lines w e r e  f l s h e d  with t h e  t e s t  s lurry fo r  a 

minimum of 2 minutes  before sampling t o  e n s w e  t h e  samples  were  r e p r e s e n t a t i w .  

The  concent ra t ions  of Fe203 i n  t h e  in l e t  and .ou t l e t  samples  were  de termined by measur ing  

. . 
the v d ~ u m e  of  col lected ~ l u r r ' ~  w i t h  a graduated  cylinder; by f i l te r ing  t h e  Fe203 w i t h  pre- 

weighed 0.45 p m ,  47  m m ,  Type HA ~ i l l i p o r e ~  filters; by washing w i t h  water  t o  r e r n o w  

NTA; by &r-drying overnight; and by r e w e i g h n g  t h e  loaded Millipore filter.  Loadings on t h e  

magne t i c  f i l te r  were  ca lcula ted  by multiplying t h e  d f f e r e n c e  be tween the in le t  and  the 
' 

o u t l e t  Fe203 concen t r a t iom by the quanti ty of slurry passed through t h e  m a g n e t i c  f i l ter .  

3.3.2 Canstant Feed Ccnoentratim Tests 

Four tests were  conducted t o  eva lua t e  t he  e f f i a e n c y  of the m a g n e t i c  f i l t e r  f o r  removing 

Fe203 a t  low f i l t e r  loading% i r . ,  less  t han  10% of t h e  m a t r i x  weight. Tes t s  1 and 2 were  

conducted  under t he  s a m e  condi tims, whi le  Tes t  3 evalua ted  t h e  d i f ference  be tween using 

wa te r  o r  NTA as t h e  liquid med ia  and  Tes t  4 studied t h e  e f f e c t  of f e e d  temperaure .  In e a c h  

e q e r i m e n t ,  t h e  f low r a t e  was reduced sequential ly f rom a n  ini t ial  high r a t e .  The  

expe r imen ta l  conditions and resul ts  a r e  given i n  F igure  1 I. 
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F I G U R E  11. FILTRATION EFFICIENCY AT LOW LOADINGS 

The  d a t a  for  t h e  t h r e e  tests conducted at 8 3 ' ~  a r e  i n  reasonable  ag reemen t .  There  w e r e  no  

signif icant  d i f fe rences  be tween t h e  resul ts  obta ined  wi th  0.01 - M NTA and water .  T h e  lower 

e f f ic ienc ies  obtained at 2 0 ' ~  re la t ive  t o  t h o s e  obtained at  8 3 ' ~  were  t h e  r e su l t  of t h e  

increased viscosity at t h e  lower t empera tu re ,  causing an increased d rag  f o r c e  on t h e  

part icles .  

Three  'additional tests were  conducted t o  de t e rmine  t h e  e f f i c i ency  of t h e  magne t i c  f i l t e r  as 

a function of loading. The  expe r imen ta l  conditions are given i n  Table  6. In t h e s e  tests, a 

Fe203 slurry was  pumped through t h e  f i l t e r  until the iron loading was approximate ly  2 5  t o  

5 0 %  of t h e  f i l te r  m a t r i x  weight. The  exper imenta l  resu l t s  a r e  given i n  F igure  12. 
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TABLE 6 .  Filter Loading Tests (pH 3, 8 5 ' ~ )  

Aver age Feed NT A 
Flow R a y  Concentration Concen t ra t im 

Test - (Rlseclm ) (ppm) (M 

In t h e  first t e s t  t h e  average feed concentration was 155 ppm and t h e  removal efficiency of 

t h e  f i l ter  was still relatively high (-70%) when the first  . l l - l i ter  batch was completed. 

Consequently, two additional l l - l i ter  batches were prepared and processed through t h e  

f i l ter .  When the flow was res tar ted for t h e  second and third batches, Fe203 was sloughed 

from t h e  filter. In addition, smaller amounts of Fe203 were sloughed twice during t h e  third 

batch when power . t o  the magnet was interrupted. Corrections were made t o  t h e  d a t a  

plotted in Figure 12 to  -account for t h e  loss of material  from t h e  fi l ter  matrix. The da ta  fo r  

the t ime  interva1,during which material was sloughed from t h e  fi l ter  were deleted from 

Figure 12. 

To eliminate the need fo; multiple batches,  the second and third loading t es t s  were  

conducted .at higher average feed  concentrations of 575 and 1250 ppm, respectively. Also, 

the  NTA concentration was reduced in the  third t e s t  t o  0.003 - M t o  reduce t h e  dissolution of 
2 

Fe203. At the  beginning of the 8Plsec/m tes t ,  the flow was s tar ted t o  t h e  fi l ter  before 

turning on the  magnetic field. The removal efficiency during this period was approximately 

80%, but increased during the next two  tes t  intervals t o  96 and 98% before decreasing t o  

70% during t h e  four th  interval. In analyzing t h e  data ,  t h e  assumption was made t h a t  t h e  

majori ty of the FeZOj removed during t h e  first interval was removed by mechanical 

separation and did not consume a significant quantity of t h e  magnetic capacity of t h e  filter. 

The results plotted in Figure 12 indicate t h a t  the  removal efficiency drops off significantly 

as the fi l ter  loading increases. To obtain filtration efficiencies above 80%, the  fi l ter  

loading must be maintained below approximately 10% of the fi l ter  matrix weight. Also, i t  

appears tha t  t h e  removal efficiency is independent of fluid velocity once t h e  filter is loaded 

t o  5 t o  10% of the matr ix  weight. 
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The re  probably were  two' f i l t ra t ion  mechanisms responsible f o r  removing t h e  i ron  oxide  

pa r t ides :  magne t i c  and  mechanical  en t rapment .  A t  low f i l t e r  loadings (< 10% of the m a t r i x  

weight)  magne t i c  separa t ion  dominated and relat ively high removal  e f f i a e n a e s  w e r e  

obtained.  However, as p a r t i d e  h i l & p  occurred  on the  portions of the  f ibers  w i th  the  high- 

gradient  m a g n e t i c  f ield,  t h e  "magnet ic  c a p a a t ) r l  of t h e  f i l te r  f o r  t h e  pa ramagne t i c  Fe203 

deareased  and t h e  pr imary  mechanism fo r  removal  became  mechanical  s e p a r a t i m .  M echan- 

ica l  separa t ion  probably occu r red  in  t h e  regions where  seve ra l  f ibers  i n t e r sec t ed  t o  c r e a t e  a 

w e b l i k e  l a t t i c e  s t r u a u e .  As en t r apmen t  i n  t h e  w e b l i k e  areas increased,  t h e  mechanical  

separa t ion  e f f i a e n c y  also decreased  as shown i n  Figure  12. I t  c a n  be hypothesized t h a t  t h e  

m e c h a n i d  s e p a r a t i m  was not  hrghly f low dependent .  Thus, i n  the l a t t e r  portions of t h e  

loading expe r imen t s  where  mechanica l  separa t ion  dominated ,  t h e  removal* e f f i a e n c y  would 

be  independent of f low ra te .  

I t  s b u l d  b e  noted tha t  the f eed  c o n c e n t r a t i m s  of t he  loading t e s t s  (180 t o  1250 ppm)  

great ly exceeded  t h e  maximum concent ra t ions  (20  to  90 ppm) a n t i a p a t e d  i n  a n  ac tua l  

deoon tamina t im .  It  i s  en t i re ly  possible t ha t  different  removal  results might  be obtained at 

lower p a r t i d e  concentrations. However,  complet ion of similar loading t e s t s  wi th  lower  

pa r t i c l e  concent ra t ions  was not e v e r i m e n t a l l y  f eas ib l e  w i t h  the exis t ing  appara tus  and  

fabricat ion-of  an  acceptable  sys t em was  not warranted .  

3.13 Recirculating Feed Tes t s  

An e q e r i m e n t  was mnduc ted  t o  eva lua t e  t he  per formance  of the f i l t e r  w i th  a decreas ing  

f e e d  concentrat ion.  An 1 I-liter batch with a n  in i t i a l  Fe203 concent ra t ion  of 2 7 0  ppm was  
2 r e a r c u l a t e d  t h o u g h  t h e  f i l t e r  at a f l o w  r a t e  be tween 7 and 14 I l l sec lm . Instead of NTA, 

wa te r  was  used as t h e  f e e d  solution t o  e l iminate  t h e  dissolution of Fe203. T h e  expe r imen t  

was t e rmina ted  a f t e r  29 hours at which t i m e  the FeZ03 c o n c e n t r a t i m  was 7 ppm. The 

resul t s  are plo t ted  i n  F igure  13. 

4 Fkckwasting Tests 

A t  tk c o n d u s i m  of e a c h  of the  f i l t e r  loading t e s r s  ( S e c t i m  33.21, t h e  power t o  the  magnet  

was tu rned  off and a backwashing test conducted. T h e  f i r s t  s t e p  was  t o  flush t h e  f i l t e r  

m a t r i x  at 200 i / s e c / m 2  i n  t h e  r e v e r s e  d i r e c t i m  as sfpwn i n  Figure  10. Typically, 



approximately 20 bed vol&nes of water at 9 0 ' ~  were f l l shed through t h e  filter. The  flow 

was then switched t o  the  forward d i rec t im as s b w n  i n  Figure 8 and again flushed a t  
2 200 &/sec/m with approximately 20 bed volumes. Then, the  f i l ter  matr ix  was flushed at 

600 klsec/m2 in  both d i rec t ims  with approximately 15 bed volumes of water a t  20 '~ .  The 

fi l ter  tube was then removed and cleaned ul trasonicatly. Essentially no additional Fe203 

was removed by t h e  ultrasonic cleaning. The results (Table 8) indicate the fi l ter  can be 

effectively backwashed. The quantity of liquid required for backwashing probably could be 

reduced considerably from t h e  approximately 55 bed volumes used i n  the  laboratory tests .  

.- - . - . . . . .. - . .- 
FIGURE 13. F ~ ~ O ;  R E M ~ ~ A C T N A R ~ ~ I F ~ C U L A T I N G  SYSTEM 

. -  - 
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TABLE 7. Backwashing Tests 

Flow R a y  Flow Tern per a t  ure Fe203 R e m o w d  (96) . 

(Rlseclm Direction (OC Test - 1 Test 2 Test  3 

200 reverse 90 8 7 8 3 9 1 

200 forward 90 ' 6 8 8 

600 both 20 7 9 1 

Ultrasonic - 20 0 0 .  0 
Cleaning 

3.4 VNC DECONTAMINATION TEST LOOP - R L .  Hobart, 39. Petersm, R E .  Gest 

The pre-operational testing of t h e  VNC tes t  loop was successfully completed using a section 

of mcontaminated pipe. All instrumentation has been calibrated. 

A 0.76-m section of 15.2-cm diameter piping was prepared from t h e  inventory of Nine Mile 

Point pipe. The first  test will be conducted using 0.01 M - NTA and 0.01 M - ascorbic acid. The 

nominal temperature  will be 90 '~ .  The pH will be adjusted initially t o  3.5 and maintained 

by injection of NH40H or by passing the  solution t h o u g h  hydrogen-formation-exchange 

resin. The dissolved oxygen concentration will be maintained a t  a low level by using 

nitrogen as  the cover gas. 

4. TASK 2 - CORROSION PRODUCT CHARACTERIZATION 

There were no major activities during ths  report period. 
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5. TASK 3 - CORROSION TEST PROGRAM - D. E. Wax 

Several potential major corrosion concerns (such as, general corrosion, intergranular a t t a c k ,  

and stress corrosion a a c k n g )  assoda ted  with t h e  application of a dilute chemical  

decontamination process to an operating BWR have been identified.' During the process 

development stage,  i t  was not practical to  evaluate  all of these concerns for  each potential 

reagent. However, general corrosion was evaluated as an  integral part of the  process 

development to  ensure tha t  t h e  potential reagents and con& t iom did not dissolve excessive 

amounts of base metal .  

During this report  period, s t a t i c  general corrosion tes ts  were completed in  support of' the  

process development activities. The primary emphasis was placed on low alloy s teel  

experiments. 

5.1 LOW ALLOY STEEL CORROSION ALLOWANCE 

The acceptance criterion for  the corrosion r a t e  of low alloy steels .in a dilute chemical  

decontamination ' prooess was established by assuming tha t  50% of the total  corrosion 
2. allowance (l&m i' 800rnglcm ) provided fo r  low alloy steels in BWR systems could be 

utilized in  repeti t ive decontaminations. , Dividing the 50% value by an estimated 20 

decontam~nat ions  during t h e  40-year life of a BWR gave a corrosion allowance of 20 mglcm 2 

per decontamination. By assuming the  corrosion r a t e  was linear for  a 12-hour decontamina- 
2 tion, a 6-hour corrosion r a t e  goal, of 10 m d c m  was obtained. The assumption of a linear 

corrosion r a t e  for  12 hours is  oonservative, since t h e  corrosion r a t e  of low alloy s t e e l s  

decreases significantly a f t e r  approximately 6 hours in  dilute solutions of t h e  reagents  

investigated . 

5.2 EXPERIMENTAL TECHNIQUES 

The general corrosion tests were conducted i n  1-liter, 3-neck, round-bottom flasks. Each 

flask was equipped with a thermometer,  gas purge line, and reflux condenser. . The  flasks 

were  heated with heating mantles which were controlled by variable transformers. 

In each corrosion test, 700 ml of t e s t  solution was introduced in to  the  round-bottom flasks. 

The solution was sparged with the selected c o e r  gas for  a minimum of sixteen hours before 

heating was initiated. Nitrogen was used as t h e  sparge gas when low dissolved oxygen - 
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concentrations were desired, while oxygen or air were used when oxygenated solutions were  

desired. Sparging was continued thoughout  the  test t o  provide gent le  mixing and t o  

maintain the  desired dissolved oxygen concentration. No mechanical agitat ion was used. 

The nominal t empera twe  for al l  tests  was 9 0 ' ~ .  

T h e  systems were susceptable to  major chemical changes because of t h e  dilute concentra- 

tions (Q01 M) of reagents used in  the tests .  As the corrosion process proceeded and the iron 

concentration in solution increased, hydrogen ions and complexing capacity were consumed. 

Consequently, the  ra t io  of solution volume t o  coupon surface a rea  was selected both t o  

provide experimental  convenience and minor changes in t h e  system chemistry fo r  solutions 

w h c h  produced acceptable  corros im rates. However, i n  tes ts  where the  corrosion ra tes  of 

t h e  low alloy steel  were excessive, t h e  pH changes were significant; for  example, t h e  pH in 

a corros im test  with uninhibited 0.01 M NTA increased from 3.5 t o  8.6 during the  test. 
2- However, t h e  corrosion r a t e  (1 6 mg/cm /a') during ths tes t  was excessive, and this system 

was considered unacceptable from a corros im standpoint. Thus, while the  changing pH and 

residual compledng capacity may have had an e f fec t  on t h e  actual  corrosion r i t e  measured, 

they had no e f fec t  on the c o n d u s i m  drawn from the experiment. 

1 The corrosion coupons were prepared by cutt ing a standard bent-beam specimen (7.6 X 0.9 

X 0.2 c m )  through the  weld r e g i m  t o  form two approximately equal sections. Prior t o  the  

corrosion tes ts  t h e  coupons were: 

1. ultrasonically cleaned in  hot detergent water for  10 minutes, 

2. r imed in  t a p  water ,  

3. r imed in  distilled water ,  

4. ultrasonically d e a n e d  in acetone for  10 minutes, 

5 dried in  air ,  and 

6. weighed. 

After  the  t e s t ,  t h e  coupons were: 

I. r imed in distilled water,  

2. u l t r a s o n l d l y  cleaned In acetone fur 10 niinutc3, 

3. d r i e d i n a i r , a n d  . 
4. weighed. 
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5.3 SCOPING TESTS 

Six-hour static corrosion tests were conducted to evaluate the general mrrosion rates of a 

low alloy steel (A508) in 0.01 M solutions of oxalic acid, EDTA, NTA, and d t r i c  acid. Three 

tests, each with a different initial pH, were conducted with each reagent. The EDTA, NTA, 

and a t r i c  a d d  tests were conducted using N2 as the sparge gas, while the oxalic acid tests  

were conducted using O2 as the spar ge gas. In additim, an experiment with oxalic acid a t  

pH 3.5 was conducted uiith N2 as the sparge gas. The results are givenin Table 9. 

The corrosion rates in oxalic acid with both sparge gases were aceptably low. The dissolved 

oxygen concentration did not have a significant effect on the  low alloy steel corrosion rate. 

However, in the experiment with N2, the coupon had a tenacious ferrous oxalate film which 

had to be removed with a stainless steel brush to obtain an accurate corrosion rate. 

Reagent . 

Oxalic A d d  

Oxalic A d d  

Oxalic A a d  

Oxalic A d d  , 

EDTA 

EDTA 

EDTA 

NTA 

NTA . 

NTA 

Citric A d d  

Citric Ada" 

Citric A d d  

Spar ge Gas 
pH 

Initid F i ~ l  - 
Weight 

Lass 
(rnpjm2) 

2.4 

3.5 

2.5 

2.2 

3 3 

2 5 

19 

17 

16 

16 

18 

15 

14 
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The corrosion ra tes  i n  EDTA, NTA, and cri t ic acid were excessive. Utilization of these  

reagents in  a dilute chemical decontamination process will probably require the  indusion of 

a corrosion inhibitor. Consequently, t h e  r e m a i k n g  tes ts  with these reagents were  focused, 

on identifying a n  accept  able corrosion inhibitor. 

Additional s ta t ic  corrosion t es t s  were conducted with 0.01 M oxalic acid to  evaluate  t h e  

e f f e c t  of aontact  t i m e  on the  corrosion r a t e  of A,508 and t o  evaluate  the corrosion r a t e  of 

Type-304 stainless steel. The results of these  tes ts  a r e  given in  Table 10. The d a t a  indicate 

the  corrosion r a t e  of A508 decreases significantly between 6 and 40 hours of contact  time. 

Also, t h e  corrosion r a t e  of Type-304 stainless s teel  in 0.01 - M oxalic acid  is  acceptably low. 

TABLE 9. Additicnal Oxalic Acid Tests 

Weight 
Time pH Loss 
(h - Initial - Final (mpjcm2) 

Type-304 Stainless Steel  2 4 3.0 3.4 0.2 

Type-304 Stainless Steel  24 3.3 3.8 0.2 

Type-304 Stainless S tee1 24 4.0 4.2 0.4 

5.4 INHIBITOR AND ADDITIVE TESTS 

The excessive corrosion ra tes  of A508 i n  dilute solutions of NTA, EDTA and c i t r i c  ac id  

indicated t h a t  an acceptable corrosion inhibitor needed to  be identified if these  reagents 

were  t o  be used i n  a dilute chemical demntamination process. k e e n i n g  tests using a 0 1  - M 

NTA were  conducted with several additives and corrosion inhibitors. NTA was selected as 

the  test reagent because a. regeneration scheme had been identified fo r  NTA but not f o r  
2 EDTA. The experimental  conditions and results a r e  given i n  Table 11. 
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Phenylthiourea was t h e  only chemical a d d  tive tha t  reduced t h e  corrosion r a t e  of A508 i n  

solutions of 0.01 - M NTA to  an acceptable  level. However, because ce r ta in  sulfur compounds 

(such as, polythionic a d d )  init iate stress corrosion a a c k i n g  in austenit ic stainless s teel  and 

nickel-base alloys,14 no sulfur-bearing c o m p o ~ d s  will be used in  the dilute chemical 

decontamination solvent formulation. 

TABLE 1 0. Inhibitor and Additive Tests 

(0.01 - M NTA, A508, 6h, 90°c, N2, pH f 5) 

Weight 
Inhibitor1 Concentration 
Additive (M 

A s a r b i c  A d d  

Hydrazine 

Dimet hylarnine 

Maleic A d d  
H ydr azi de 

Qui m l  di ne 

Triet  hanolamine 

Phenyl thiourea 

Phenyl t h o u r e a  

a - Test duraticm 3-1 

6. TASK 4 - PILOT LOOP DEMONSTRATION 

There were no major activities during th is  report p c ~ i o d ,  
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