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1.0 INTRODUCTION 

On November 2 2 ,  1 9 8 6 ,  Envi ronmenta l  Source  Samplers ,  I n c .  (ESS) 
conducted p a r t i c u l a t e  e m i s s i o n  t e s t i n g  and par t ic le  s i z e  .deter- 
m i n a t i o n  f o r  Lockwood G r e e n e  Engineers ,  I n c .  T e s t i n g  w a s  con- 
duc ted  on t h e  chromic acid (chrome l i n e  1 )  e x h a u s t  s t a c k  l o c a t e d  
a t  t h e  Naval A i r  Rework F a c i l i t y  (NARF) located a t  t h e  Naval 
A i r  S t a t i o n  (NAS) i n  Nor fo lk ,  V i r g i n i a .  

Three  ( 3 )  par t i cu la t e  emission test r u n s  w e r e  s i m u l t a n e o u s l y  
performed a t  t h e '  i n l e t  and o u t l e t  of t h e  demister se rv ing  chrome 
l i n e  1 (LS1). P a r t i c u l a t e  e m i s s i o n  t e s t i n g .  w a s  performed as 
o u t l i n e d  i n  U.S. Environmenta l  P r o t e c t i o n  Agency (EPA) Method 
5 .  EPA Methods 1 t h r o u g h  4 ' w e r e  used  i n  support  of EPA Method 5 
The p a r t i c u l a t e  c o l l e c t e d  w a s  a l s o  ana lyzed  f o r  t o t a l  chrome 
e m i s s i o n s .  

A d d i t i o n a l l y ,  t h r e e  ( 3 )  par t ic le  s i z e  d e t e r m i n a t i o n s  w e r e  made 
s i m u l t a n e o u s l y  a t  t h e  i n l e t  and o u t l e t  of t h e  d e m i s t e r .  These 
d e t e r m i n a t i o n s  w e r e  made u t i l i z i n g  two ( 2 )  i n e r t i a l  c a s c a d e  
impac to r s .  

The purpose  o f  t h + s  test  series w a s  t o  d e t e r m i n e  - e m i s s i o n s  
from t h e  d e m i s t e r  s t a c k ,  t o  d e t e r m i n e  removal e f f i c i e n c y  of 
t h e  d e m i s t e r ,  and t o  c h a r a c t e r i z e  t h e  e m i s s i o n s  from t h e  chrome 
l i n e .  

P e r s o n h e i  p r e s e n t  i nc luded :  

,, . . .  . . _ . .  . I  . ' - - .- .- 

M S .  Susan Suzuk i ,  Naval Energy & Environmenta l  Suppor t  A c t .  
M r .  John M i n t z ,  Regional  O f f i c e r  - C o n s t r u c t i o n  
M r .  M a r t i n  Beam, Lockwood G r e e n e  E n g i n e e r s  
M r .  T i m  Osborn, NARF P r o d u c t i o n  Engineer  
M r .  Mike Shaw, NARF P lann ing  
M r .  S t e v e  E r i c k s o n ,  A t l a n t i c  D i v . ,  Eng inee r ing  Command 
M r .  Randy M a r t i n ,  G i f f e l s  ( A & E )  
M r .  Bruce Gerbe r ,  ESS 
M r .  Robert  Hamlin, J r . ,  ESS 
M r .  Dayne Loy, ESS 
M r .  John S a l k i l l ,  ESS 
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2.0 SUMMARY AND DISCUSSION OF RESULTS 

The test  r e s u l t s  are summarized on t h e  f o l l o w i n g  pages .  F i e l d  
data sheets are i n c l u d e d  i n  Appendix A; ca lcu la t ions  i n  Appendix 
B; l a b o r a t o r y  d a t a  i n  Appendix C ;  and c a l i b r a t i o n  d a t a  i n  Ap- 
pend ix  D .  

The a v e r a g e  t o t a l  pa r t i cu la t e  l o a d i n g  t o  t h e  d e m i s t e r  w a s  meas- 
ured  at 0.0270 g r a i n s / d s c f .  o r  4.12 lbs./hr. T o t a l  chrome 
l o a d i n g  w a s  0.0055 gr /dscf .  o r  0.97 l b s . / h r .  The a v e r a g e  par t i -  
cle s i z e  a t  t h e  i n l e t  w a s  measured a t  4 .05  microns.  

The ave rage  t o t a l  p a r t i c u l a t e  e m i s s i o n s  from t h e  d e m i s t e r  w a s  
measured a t  0.0047 g r / d s c f ,  o r  0.79 l b s . / h r .  T o t a l  chrome 
e m i s s i o n s  w e r e  0 .0013 g r j d s c f ,  o r  0 .23  l b s . / h r .  The ave rage  
par t ic le  s i z e  w a s  measured a t  1 . 6 0  mic rons .  

The  ave rage  t o t a l  removal e f f i c i e n c y  of t h e  demis te r  w a s  cal-  
c u l a t e d  a t  82.5 p e r c e n t .  The  average t o t a l  chrome removal 
e f f i c i e n c y  of  t h e  d e m i s t e r  w a s  c a l c u l a t e d  t o  b e  75.6 p e r c e n t .  

-- . .  
. . _ ~ .  

~.. ... . .  - . ~~ 
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-7 NARF PLATING FACILITY 

PARTICULATE EMISSIONS SUMMARY 

CHROME LINE 1 DEMISTER INLET 1 

RUN # 

DATE 

TIME START ( E S T )  

rIME STOP ( E S T )  

FLUE GAS TEMP ( O F )  

FLUE GAS VELOCITY ( F P S  

1 
11/22/86 

FLUE GAS FLOWRATE ( M  ACFM) 

FLUE GAS FLOWRATE (M DSCFM) 

JOL OF GAS SAMPLED (DSCF) 

4OISTURE ( 8 )  

CSOKINETIC SAMPLE RATE ( 8 )  
40L WEIGHT O F  FLUE GAS (MOLES) 

POTAL EMISSIONS (GR/DSCF) 

POTAL EMISSIONS (LBS / H R )  

:HROME EMISSIONS (GR /DSCF) - 

IHROME EMISSIONS (LBSfHR)  

13:20 
14:26 
71.5 
48.89 
20.741 
20.085 
58.36 
1.9 

98.8 
28.79 
0.0231 
3.98 
0-5-0050 
0.86 

-3- 

2 
11/22 /86 
16: 5 
17: 8 
69.0 
48.85 
20.723 
20.155 
58.96 
1.9 

99.5 
28.79 
0.0318 
5.50 

-- 0.0062- 
1.07 

3 

11/22/86 
20:oo 
21:03 
67.2 
50.97 
21.621 
21.029 
60.72 
2.2 

98.2 
28.75 
0.0260 
4.69 

-. 0.0054 
0.97 

AVG 

69.2 
49.57 
21.028 
20.423 
59.35 
2.0 

98.8 
28.78 
0.0270 
4.72' 
0.0055 
0.97 
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(ESS) 

RUN # 

DATE 
TIME START (EST) 
TIME STOP (EST) 
FLUE GAS TEMP (OF) 
FLUE GAS VELOCITY (FPS) 
FLUE GAS FLOWRATE (M ACFM) 
FLUE GAS FLOWRATE (M DSCFM) 
VOL OF GAS SAMPLED (DSCF) 
MOISTURE ( % )  

ISOKINETIC SAMPLE RATE ( % )  

MOL WEIGHT OF FLUE GAS (MOLES) 
TOTAL EMISSIONS (GR/DSCF) 
TOTAL EMISSIONS (LBS/HR) 
CHROME EMISSIONS (GR/DSCF) 
CHROME EMISSIONS (LBS/HR) 
DEMISTER EFFICIENCY ( % )  . 

. . ~ .. 

.. 
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NARF PLATING FACILITY 
PARTICULATE EMISSION SUMMARY 
CHROME LINE 1 DEMISTER OUTLET 

1 

' 1 1 / 2 2 / 8 6  

13 :27  

14  : 3 0  

73.7 

47 .98  

20 .353 

1 9  ..605 

62.25 

2.7 

1 0 3 . 0  

2 8 . 7 0  

0 . 0 0 4 1  

0.69 

0 .0013 

2 

1 1 / 2 2 / 8 6  

16:54 

1 7 : 5 8  

69.2 

47.63 

20.205 

1 9 . 6 4 8  

63.79 

2 .6  

05.4 

2 8 . 7 1  . 

0 .0050  

0.84 

0.0012 
-. . _. . . 

0.22 0.20 
.. . - - -. - . . . . 

82.3 8 4 . 3  

3 

1 1 / 2 2 / 0 6  

20:06 

21:09 

67.8 

47.96 

20.345 

1 9 - 8 5 7  

64.78 

2.5 

105.9 

28.72 

0.0050 

0.85 

0.0015 

0.26 

80.8 

72.2 

AVG 

70.2 

47.86 

2 0 . 3 0 1  

19.703 

6 3 . 6 1  

2.6 

1 0 4 . 8  

2 0 . 7 1  

0 . 0 0 4 7  

0.79 

0.0013 

0.23 
-. ._ . . 

82.5 

75.6 

-4- 1 
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3 .O PROCESS OESCRIPTION AND OPE-~. \TION 

Two (2 ' )  similar  chrome l i n e s  e x i s t  a t  t h e  p l a t i n g  f a c i l i t y  
a t  t h e  NARF.  T h i s  test  series w a s  conducted  on chrome l i n e  1, 
which  i s  s e r v e d  by l i q u i d  s e p a r a t o r  1 (LS1). 

Tanks 3 2 ,  33, and 34 c o n t a i n  chromium t r i o x i d e  and s u l f m i c  
a c i d ,  which i s  heated t o  125 - 135 OF. P l a t e s  t o  b e  chromed 
are. p l a c e d  i n  t h e  t a n k s ,  and v o l t a g e  i s  a p p l i e d .  Fumes are 
duc ted  t o  a Ceilcoat demister .  A f a n  e x h a u s t s  t h e  e m i s s i o n s  
t o  t h e  atmosphere th rough  a s t a c k .  

The  t a n k s  w e r e  f u l l y  loaded  f o r  t h e  test series w i t h  test p l a t e s .  
P e r  recommendation of t h e  m a n u f a c t u r e r ,  t h e  l i n e  i s  washed 
down f o r  f o u r  ( 4 )  minu tes  e v e r y  two ( 2 )  h o u r s .  T h e s e  washings 
o c c u r r e d  a t  approx ima te ly  1 3 0 0 ,  1500, 1 7 0 0 ,  . a n d  1900 hours .  

I t  i s  s u s p e c t e d  t h a t  a p o r t i o n  o f  t h e  e m i s s i o n s  are c o n t a i n e d  
i n  s o l u t i o n  which t r a v e l s  a long  t h e  bot tom o f  t,he d u c t  t o  t h e  
d e m i s t e r  and e x h a u s t  f a n .  These  e m i s s i o n s  are n o t  measured 
by t h e  procedure used d u r i n g  t h i s  tes t  series. 

I t  w a s  . d i scove red  t h a t  t h e  e x h a u s t  f a n  w a s -  r u n n i n g  backwards 
. af ter  a n  i n i t i a l  v e l o c i t y  t r a v e r s e  indicated much lower t h a n  

expected. d u c t  v e l o c i t i e s .  ' The motor p h a s i n g  w a s .  changed t o  
- run t h e  . f a n s  correct ly .  ~, Approximately 20% of the first p a r t i c l e  

s i z i n g  measurement w a s  made w i t h  the f a n  d i r e c t i o n  reversed. 

-. - . .- . . ~ ~~~ 
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4 . 0  SAMPLING POINT LOCATION 

T h e  demister i n l e t  sampl ing  2orts were l o c a t e d  i n  t h e  d u c t  
.. . Jeading from t h e  three ( 3 )  t a n k s  t o  t h e  d e m i s t e r .  Two ( 2 )  

test  por t s  w e r e  l o c a t e d  a t  90'  a n g l e s  i n  t h e  3.0 f o o t  i n s i d e  
d i a m e t e r  d u c t  1.5 f e e t  o r  0 . 5  d u c t  diameters ups t ream of t h e  
d e m i s t e r ,  and 36.0 feet ,  o r  1 2 . 0  d u c t  d i ame te r sdowns t r eam o f  
a 45" bend i n  t h e  d u c t  l e a d i n g  from t h e  t a n k s .  

According t o  t h e  procedures of EPA Methods 1 and 2 ,  a t o t a l  
of 1 2  p o i n t s  w e r e  s e l e c t e d  f o r  s ampl ing  a c r o s s  t h e  d u c t  d i a m e t e r  
a t  e a c h  test  p o r t .  Each p o i n t  w a s  sampled f o r  2 .5  m i n u t e s ,  
r e s u l t i n g  i n  60 minute  pa r t i cu la t e  tes t  r u n s .  

The d e m i s t e r  o u t l e t  s ampl ing  p o i n t s  w e r e  l o c a t e d  i n  t h e  e x h a u s t  
s t a c k  l e a d i n g  from the  f a n  s e r v i n g  LS1. The two ( 2 )  test  p o r t s  
w e r e  l o c a t e d  a t  9 0 "  a n g l e s  i n  t h e  3.0 f o o t  i n s i d e  d i a m e t e r  
d u c t  8 . 0  f e e t  o r  2 . 1  d u c t  d i a m e t e r s  ups t ream o f  t h e  s t ack  e x i t ,  
and 33.5 feet  o r  11.2 d u c t  diameters downstream of a 9 0 "  bend  
i n  the  d u c t  l e a d i n g  from t h e  f a n .  

According t o  t h e  procedures of EPA Methods 1 and 2 ,  a t o t a l  
of 6 p o i n t s  w e r e  selected f o r  s a m p l i n g  across t h e  d u c t  diameter 
a t  e a c h  test p o r t .  Each p o i n t  w a s  sampled f o r  5 m i n u t e s ,  r e s u l t -  

Schematic  d iagrams of . t h e  t w o  ( 2 )  sampl ing  l o c a t i o n s  a p p e a r  
on the f o l l o w i n g  t w o  ( 2 )  pages,. 

. - i n g - i n  60 minute  test r u n s .  -. 

-7 - / 
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. NARF PLATING FACILITY 
CHROME LINE 1 DEMISTER 
OUTLET SAMPLING LOCATION 

STACK I.D. = 36.0" 
INSIDE WALL 

DISTANCE TO PT. # 
~- - _ _  

. . . . .  ~. 
1 ' = 34.4" .  

2 = 30.7" 

3 = 25.3" 

4 = 10.7' 
5 =  5.3" 
6 =  1.6" 
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5.0 FIELD AND ANALYTICAL PROCEDURES 

EPA -Methods 1 - 5 ,  a s  o u t l i n e d  i n  t h e  Code of F e d e r a l  Regu- 
l a t i o n s ,  C h a p t e r  I ,  T i t l e  4 0 ,  P a r t  6 0 ,  Append'ix A ,  were u t i l i z e d  

~~ 

i n  pe r fo rming  t h e  p a r t i c u l a t e  e m i s s i o n s  test s e r i e s .  T h e  
Method 5 sampl ing  t r a i n  w a s  mod i f i ed  p e r  NEESA r e q u e s t  t o  ex-  
c l u d e  t he  f i l t e r  and c y c l o n e .  

Nu-Tech sampl ing  equipment w a s  used i n  c o n d u c t i n g  t h e  tests.  
A g l a s s  l i n e d  p robe  w a s  used w i t h  a t t a c h e d  S- type  p i t o t  t u b e s  
and stack g a s  t e m p e r a t u r e  s e n s o r  a t  e a c h  tes t  l o c a t i o n .  The 
p robes  w e r e  hea t ed  and a t t a c h e d  w i t h  f l e x i b l e  t u b i n g  t o  t h e  
impinger  t r a i n .  The f i r s t  two ( 2 )  imp inge r s  e a c h  c o n t a i n e d  
approx ima te ly  150 m l  of d e i o n i z e d  w a t e r ,  t h e  t h i r d  impinger  
w a s  d r y ,  and t h e  f o u r t h  imp inge r  c o n t a i n e d  s i l i ca  g e l .  , A f t e r  
each  r u n ,  t h e  p r o b e ,  f l e x i b l e  t u b i n g ,  and impinger  g l a s s w a r e  
were washed and brushed  o u t  w i t h  d e i o n i z e d  water. These wash- 
i n g s  were added t o  t h e  impinger  water f o r  a n a l y s i s .  

EPA Methods 1 6 0 . 1  and 160.2  w e r e  used t o  d e t e r m i n e  d i s s o l v e d  
s o l i d s  and suspended s o l i d s  i n  t h e  washings.  These r e s u l t s  
were added f o r  t o t a l  p a r t i c u l a t e  l o a d i n g .  The  washings  were 
ana lyzed  by EPA Method 218 .1  w i t h  a tomic  ' a d s o r p t i o n  t o  d e t e r m i n e  
t o t a l  -chrome c o n t e n t .  

A l l  o t h e r  EPA Method 5 , p r o c e d u r e s  w e r e  fo l lowed  d u r i n g  t h e  
sampl ing ,  a n a l y s i s ,  and c a l c u l a t i o n  p h a s e s  of e a c h  p a r t i c u l a t e  
test r u n .  These p r o c e d u r e s  are d e t a i l e d  on t h e  f o l l o w i n g  pages .  

A S i e r r a  c a s c a d e  impac to r  was used  i n  measur ing  p a r t i c l e  s i z e s  
a t  t h e  d e m i s t e r  o u t l e t ,  and a n  Anderson c a s c a d e  impac to r  w a s  
used a t  t h e  d e m i s t e r  i n l e t .  The i n e r t i a l  p a r t i c l e  s i z e r s  are 
s i m i l a r  i n  o p e r a t i o n ,  and each c o n t a i n  e i g h t  ( 8 )  s t a g e s  fo l low-  
ed  by a back-up f i l t e r .  Samples w e r e  c o l l e c t e d  'at a s i n g l e  
p o i n t  i s o k i n e t i c a l l y  and s i m u l t a n e o u s l y  at  t h e  i n l e t  and o u t l e t  
of t h e  d e m i s t e r .  E a c h  t es t  r u n  w a s  60 m i n u t e s  i n  d u r a t i o n .  

A f t e r  t h e  f i l t e r s  w e r e  weighed ,  t h e  sampl ing  f l o w r a t e  t h r o u g h  
the impac to r  is c a l c u l a t e d .  A 50% ' c u t '  s i z e  f o r  e a c h  c o l l e c t -  
i on  s t a g e  is c a l c u l a t e d  based  on t h e  sampl ing  c h a r a c t e r i s t i c s .  
A p l o t  of t h e  c u m u l a t i v e  we igh t  p e r c e n t  v e r s u s  t h e  p a r t i c l e  
s i z e  w a s  made on l o g - p r o b a b i l i t y  p a p e r .  An a v e r a g e  p a r t i c l e  
s i z e  ( m a s s  median d i a m e t e r )  i s  c o n s i d e r e d  t o  be  the  p o i n t  w h e r e  
t h e  b e s t  f i t  l i n e  c r o s s e s  t h e  50% p o i n t .  From t h e  g r a p h ,  t h e  

. . .  . ~ .. 
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p a r t i c l e  s i z e  d i s t r i b u t i o n  i s  p r e s e n t e d  as a b a r  g raph  o v e r  
t he  v a r i o u s  r a n g e s .  

Because of t h e  l i g h t e r  t h a n  expected g r a i n  l o a d i n g s ,  a n a l y s i s  
of t h e  n i n e  ( 9 )  i n d i v i d u a l  f i l t e r s  i n  each of t h e  s i x  ( 6 )  test  
r u n s  c o u l d  no t  b e  made s p e c i f i c a l l y  fo r  chrome. The p a r t i c l e  
s i z e  d e t e r m i n a t i o n s  are f o r  t h o s e  par t ic les  e x i s t i n g  as p a r t i c u -  
l a t e s  i n  t he  gas stream a t  f l u e  gas temperatures. A v i s u a l  
i n s p e c t i o n  o f  t h e  f i l t e r s  i n d i c a t e d  t he  ye l low/o range  depos. i t  
a s s o c i a t e d  w i t h  chrome on the f i l t e r s  from t h e  smaller c u t -  
s i z e  stages. A s m a l l  amount of non-chrome t y p e  p a r t i c u l a t e  
matter w a s  collected on  t h e  larger c u t - s i z e  stages. 

A d e s c r i p t i o n  of the  par t ic le  s i z e  test p r o c e d u r e  a p p e a r s  f o l -  
lowing  t h e  EPA Method 5 test p r o c e d u r e .  

- 11- 
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EPA METHOD 5 

MLTHOD 5-Drn~urmrm* or P ~ R r r c u u r r  
E ~ i s s l o n s  FROM S r ~ r i o n r ~ r  S O U R C ~  

I. Pfinciplc and Applicobilily 
Principle. Partleulate matter is wlth- 

drawn isoklnetically rrom the source and 
collected on II cI%u flber Illkr malntdlncd 
a t  a temperature In t h e  range or 1 2 O f l l '  C 
(248225 '  Fl or such other temperature u 
specified by Ln LPPllcable subpart O f  the 
standam& Or LDDmVed by Admlnlstrator. 

U.S. Environmental Protection Agency. lor  
a "art!cul&r aPol ica t lon .  The  particulate 
m i ~ u  which includes m y  material that con- 
denses a t  or  abort t h e  l i l tration tempera. 
Lure. IS determined gnVimetriCally after re. 
morai or uncombined water. 

1.2 ~Applicabll ity. This method is applics. 
bl? for  the determination of DarticuIate 

1 . 1  

I 2.1.1 Probe N d e .  Sts in leu steel 1316) 
or gl- wlth sham. l ipercd leading edge. 
The nnglP al Uper shall be 30' md the 
taper shall be O n  t h e  OULIide to preserve R 

eonstant internal diameter. The prcbe 
n o d e  shall be of the button-hook or elbow 
design. unleJ  othewise specifled by the Ad. 
minislrator. If made or stainless steel. the 
~OZZIC shall  be conrtructed from seamless 
tubing: other malerials or construction may 
be used. subject to t h e  ~ ~ p r o v a l  of t h e  Ad. 
ministntor. 

A mngc or n o d e  si- suitable for isokin. 
etic sampling should be wailable. e.&. 0.32 
to 1.21 cm (Ire to H in.)-or larger i f  higher 
volume sampling tdlN are used-inside dl- 
=meter (ID1 noales In Incrementa of 0.16 cm 
(K. In.). Each n d e  shall be callbrnted .c. 
cordinn 10 the  Procedures outllned In Sec- 

?mmmm rrom stationary sources, tion 5. 
2. A P P ~ ~ O ~ W  

sampllng traln used In this method is shown end d,& skpih al i20=1,. c (248,.25' 
in Figure 5-1. Complete constructlon dehils F)+ or such other temlKmtUR Ls 
are given in APIP-0581 (Citation 2 in Blbll- by lppllllble SUbD- of the stand- or 
ography): commercial models or this train Ppprov& by the ~minlsrntor for a PLT. 
are am available. For chances fmm A m -  titular application. r r h e  terter may opt to 
0581 and lor allowable mOdlrlcations of the omrate the epUlpmUlt at II temperPture 
train Shown in Flsure 5-1. see the followIno lower thm that s-rted.) since the utual 
subrectlons. temperature at the out& of the probe is 

The OPcratinB and maintenance Prae-  not ususlly monibred during -piing. 
dures far, the  s m p l i n c  train are described In probes C O ~ ~ ~ ~ t e d  m r d i n n  to --os81 
APTD-0516 ICItatlon 3 in Bibiiographyl. 
Since correct usage is important in ObUln- 
ing valld results. all usen should read 
l lpIp-0516 and adopt the operatlnp and 
.maintenance proeeduru outlined In It. 
unlerr OtheWlY specified herein. The s m -  
Dline trahl C O N l s L I  Of the i O i i O W l n g  COmW 
aenta: 

2.1 Sampling Train. A schematic Of the 

2.1.2 Robe Liner. BorOSillcate or quaxu 
glpss tublne wi th  a h e a t h  system capable 
of mainLunine a E- kmnerature st the exit 

and utllizlng the calibration curves of 
.4mQ-0578 (or d l b r r t e d  m r d l n g  to t h e  
oroecdurc OuUlned Ln A F l D 4 5 7 6 1  will be 

Elther borm111cak or quartz glars probe 
liners may be used for s k k  temperatures 
UP to about 480' C (900' Fl quare  llners 
shall be used ror temperatures between 180 
md 400' C (900 and 1.650' Fl. Bath types of 
Ilnen may be used SL higher temperatures 
than speclfled lor short periods of time. sub- 
lect to the Lpproval or the Admlnktmtor. 
T h e  softenlnc temperature far boroslllcsle 

C (2.732' F). 
Whenever practical. every effort Should 

be made to use bomrlllcnte or  quartz g i n s  
Probe l lncn. Nternntlvely. metal llners 
te.~.. 316 s u l n l ~  steel. Incoloy 825: or 
other c o m l o n  mhLant metals1 made of 
seamle5 tublng ma9 be used. sublect to t h e  
~PPIOV.I of the A m l s t r a t o r .  

2.1.3 Plbt Tube. Type S. 8s descrlbed In 
Sectlon 2.1 of Method 2. or other devlcc ap- 
proved by (he Adminlstntm. The Pitot Lube 
sha l l  be attached to the probe (8s shown In 
nmre 5-1) to allow constant monltorlng or 
the stack n u  velalty. The impact (hlgh 

'Mentlon of trade nmes  or specllic prod. 
uct does not conrtltule endorsement by t h e  
Environmental Protection Agency. 

IS 820' c (1.508' F). m d  ror it is 1.500' 

IMVINCER TRAIN 0VTiONAL.MAV 8f REPLACfO 
8V AI4 EOUIVALElOT CONDENSER 

CHECK 
VALVf  

VACUUM 
LINE 

PITOT MANOMETE 

MAIN VALVt  
IHEIMOMfIbHS 
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Prcssurel OPeninp plane 01 UIC r>ilo( Lub#: 
shall be even r l t h  or above Lhc nozzle entry 
Plane m e  Method 2. Figure Z-sb) during 
Samplill~. The Type S Pit01 Lube assembly 
shall have z. known coefficient. delermined 

2.1.4 Differentia Pressure Gauge. In- 
clined manometer or cquivaient device 
(two). as described in Section 2.2 of Melhod 
2. One manometer shall be used or velocily 
he& I A p I  readlngs. and lhe alher. lor  orifice 
dlllerentia pressure readings. 

2.1.5 Filtcr Holder. Borosilicate gl-. 
wlth a glarr frit fllter SUPPOIL ind a silicone 
rubber gasket. Other materials of CO~SIIUC- 
Lion 1e.g.. slainles  steel. Teflon. Viton) may 
be used. subject lo  approval 01 the Admink. 
traior. The holder design shall provide a 
Wsitlve seal against leakage lrDm the out. 
side or around the fllter. The holder shall 
be attached immcdintely a1 the outlet of thc  
Probe (or cyclone. it used). 

2.1.6 Filter Heating System. Any heating 
system upable  of mdnuinlng a lempera- 
lure  around the filter holder during s m -  
Pllng of l20='14' C ( 2 1 8 ~ 1 5 '  F). or such 
olher temperature as specified by.an appli- 
cable subpart of  the standard4 or approved 
by the AdmlnistIiltor lor a particular appli- 
cation. Alternalively. lhe tester may opl to 
operate 'me epuipment at a tempzrature 
lower than thai  r m r i e d .  A temperature 
h u e e  upable or meuurlng temperature to 
within 3' C (5.V F) shall be inswled 50 (hat 
the  temperature around the Illter holder 
can be regulated and monitored during urn- 
Pllng. Heattng 1)3tens other than the one 
show In ApTp-0581 may be wed. 

2.1.7 Condenrer. The rollowlng system 
Shall be ured to delcrmlnc the stack tu 
mOlSlUW. WllkIlC PnU hDbm WMtCted 
In =ria wlth leak-free ground .I- f I t U w  
or any ' r lml lu  ld- free  MnQOnLLmhUng 

oullined in Sccrion 4 or Method 2. 

UP. ModlllmUona t u . .  uslns flealble con- 
neetlom between the Lm~lnren. wlw mace- 
rl& other than gllaq or uslne flexible 
vacuum l lna  to sMIKc( the lllter holder to 
the wnderurr) mw be used. aubleeC to the  

leeDnd Lm~Lruen shall mnWn Lnom aum- 
LpDmVd Of the -tor. The fM Uld 

uuu O f  &lei tseNon 4.131. the lhlrd;h.ll 
be empty. and the l O U R h  Shall WnWn a 
known weight of s i l l a  rel. or mulvllent 
deslaanL A LhermomeLer. mDable of mcas. 
uring Lrmperture to rl thin L' C (2' F) shall 
be DIUcd a1 the  O U U e t  Of rhe lOUrth Implng- 
CI lor monltorlni DUWXCS. 

Alternstlwely. M Y  syrlem that  cools the 
aamDlc gas m e m  nnd allows measurement 

ut t n e  walcr condenred and moisture I C a Y -  
in= the condenser. each Lo within I ml or I g 
may be used. subject to the approval of lhe 
Adminlstralar. Accelltablc means LTC La 
measure lhe condemcd w a k r  either gravi- 
n~etricilly or v~lumetrically and to mcasurc 
the moislure leaving l h e  COndeNer by: (1) 
moniloring the  temperature and Dresure at 
the exit or Lhe condenser M d  using Dalton's 
law 01 partial presures: or 12) passing the 
sample has stream through a tared silica gel 
l o r  ~qulvalent desiccmt) trap wlth exit 
g a s e ~  kepl below 20' C (68' F') and determln. 
ing the weight gain. 

I r  means other than rillca gel are used to 
determine the  amount of moisture leaving 
lhe  condenser. il  Is recommended thnt sll)cp 
gel (or equlvalent) stlll be used between the 
condenser system and pump to Prevent 
moisture conde-tlon In the  pump and me- 
tering devlces and to wold the  need to m&e 
correcUons for moisture In Che metered 
volume. 

NO= If a determinallon of the particu- 
late matter collected In t h e  lmplngers 12 de. 
sired in addillon La moisture content. the 
impinger ryskm described above shall be 
used. wlthout modificatlon. lndivldual 
Sutes or control weneles rtuuiring thls In- 
formaiion shall be conW(ed as to the 
sample recovery and Malysk of the  IInPInt- 
cr content.% 

2.1.8 Meterlng System. Vanrum gauge. 
leak4ree pump. thermometers capable or 
measuring tempemlure to withln 3' C (5.V 
F). d r y  e~ meter capable of mevurlno 
volume to W l t h l n  2 percent. m d  related 
equlpment as shown ln .Figure 5-1. Other 
meterlns ~mtenu u p a b l e  of rmlntdnlng 
UmPllng ntrs wlthln 10 merit of Lolr(llc- 
Uc and of de- m p l e  s o l ~ e s  to 
wlthln 2 Demnt mw be llsnL rubled  to the 
~ D D I V ~ ~  of the MmlnlSm(0r. When the 
metulru rntem lS used In wnluneUon with 
s pltot tube the 8ystun shall a b l e  checks 
of Lsoklneuc nta 

b D l h  h h S  U U Z I l U  metulno I Y &  
L C M  derlmed for hkher nos r a k  than 
that d&bed ln APID-0581 or APDT-0516 
nUY be used provided Uut the sped l l a -  
tlons of thb lnefhod are met 

21.9 BMmekr. Mercury merold. or 
other b M m e t u  upab le  of m m g  at 
mmDherle Drc%mlre lo wlthln 2.5 mm 
(0.1 In. HI). In man). a s a  the buomet rk  
re.dliy rmy be obL.Lned from a neuby  M- 
1lOrul  weather un(m .t.Uon, ln whkh 04c 
the ShUOn nlue  (which h the absolute bar- 
omeirfc Drexurel shall be m u a c e d  and M 
idlwtment for e lev i lon  dlflemnca be. 
:ween the weather statlon m d  m p I I n g  
jolnt rhd l  be npplled a t  a rate of m l n u  2.5 
mm H g  (0.1 In. HI) pcr 30 m 1100 It) elev.. 
tlon lncrcsse or vice versa for elevation d e  
:reL(e 

2.1.10 Gas Density DetcrmimLion Equip. 
ment. Temperature Sensor and P I C S S U ~ ~  
gauge. as described in Sections 2.3 and 2.4 or 
Method 2. and gas analyzer. if necessary. as 
described in Method 3. The temperature 
Sensor shail. prclenbly, be permanently ai. 
lached lo  the Pimt tube or sampling Probe 
In a l lxed  conliguratlon. such that  the tip 01 
the scluor extends beyond Lhe leading edge 
of the Probe sheath and doer not much any 
meLpI. AItermtively. Lhe se-r may be ai. 
tached Ius1 prior to use in the  fleld. Note. 
however. thal i r  the temperature Y N Q ~  is 
attached in the field. the sensor must be 
placed in M 1nterrcrenee.free Brrangement 
wllh respect to'the Type S pitat tube open- 
lngs ( Y e  Method 2. Rcure 2-71. A3 a second 
alternative. If a dllference or not more than 
1 percent In the  average velocity measure. 
men1 12 to be Introduced, the temperature 
gauge need no1 be attached to the  probe or 
Pitot  tube. (Thii alternative is subject to the 
approvd or the  Administraior.) 

2 2  Sample Recovery. The rollowinn 
items are needed. 

2.2.1 Rabe.L.iner M d  R o b e - N e l e  
Brushes. Nylon bristle brushes with stain. 
1- SLeel wire handles. The  probe brush 
shall have extensioN (at least as lofig rn the 
probe) of sI.Lllless steel. Nylon. Teflon. or 
slmllrrly lnut material. The brushes shall 
be PmDerly rtzed and shaped to b n u h  out 

2.2.2 Wash Boltles-Two. 01- wash 
bottles ue recommended: polyethylene 
wash bottles may be used st the opUon or 
the  kter. It Is m m m e n d e d  tha t  acetone 
not be stored in polyethylene bottles for 
loxiger thpn a monlh. 

Chemlalb mslsisnh bomrlllmte U.ss bot 
Uea. for aptone waahea. 500 ml or lo00 ml. 
Screw ey, llntn .hs eltha be rubber- 
backed Teflon or shall be comirusW'w LI- 
to be lat-tree .od ratlat.nt to ehemM 
a t e  by uxtone. (Numr mouth Irlaaa bot 
U a  have been found to be l e s  prone to 
leakage.) Alce~uvelY.  DolYethYlme botua 
ma). be uxd. 

zz4 Petxt D h h u  Fur filter sunolea. 
g k s  or wlycth~lene unlesa otherwise spec. 
Wed by Uie AddnlSfntor. 
2.23 Gndruted Cyllnder andlor 8.I- 

an-. To m- wndauzd pRkr to withln 
1 ml or 1 I- Ondusted cyllnden shall have 
aubdlvWom no m e r  t h v l 2  ml. M a t  lat- 
oratory .IC amble of WclghIng to 
the  n e v M  0.5 I or lea. &IY of these bal- 
m h rult.b)e or use here unl ln W o n  
2.1.4. 

2.2.6 PlvUc Storue ConWners. Alr. 
Ugh1 ConCDtncrs to rtore alllca gel. 

2.2.1 Funnel and Rubber Pollceman. To 
d d  In Uarvler of dllu gel to conulner. no1 
nuaa=rY If s I I I u  gel Is welghed In the fleld. 

the probe llner and n d e .  

2.23 G h s  S . m D k  StorSeC ConhheIX. 

.. ~ . - . ... . 
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' 2.2.8 Funnel. G I s  or polyethylene. to 
I ald In sunole rcCOVcrY. 

equipment is needed. 
2.2 Analysis. For analysis. the following 

2.3.1 GlW Wekhinz DIshez. 
2.3.2 Desiccator. - 
2.3.3 Analy t ld  Balance. To measure to 

2.3.4 Bdmce. To m e s u r e  to within 0.5 g. 
2.3.5 Maen.  250 ml. 
2.3.6 Hygrometer. To m e s u r e  the reln. 

rive humidity of the laboratory environ- 
ment  

2.3.1 Temperature Gauge. To measure 
the Lempernture of the laboratory cnviron- 
menL 
3. R e a p 0  

3.1 Sunpltry. The reslents d In sam- 
Plln. M as fOUOWs 

3.1.1 FUkn. GI- Ilbcr Iiltem wlthout 
organic blnder. exhiblllng at leut 99.95 per- 
cent cfflcicnw (<0.05 memnt penetnUon) 
on 0.1-mIcron dloctyl phthalate smoke DULL- 
cler The f U t e r  effldencJ M shJl be w n -  
ducted ln amaTdyIce wlth A S l M  61mddard 

wrated by referUleFdee 160.17). Tat data 
rrom the  suppUefs ~ u a l l t y  control program 
kre rufflclent for thls purpose In s o w  
c o n t d n h  SO. or sh. the IUter nuterhl 
m u 1  be of a type that b unmsctlye to SO. 
3r SO.. CiL.Uon 10 In SeCLlon 7 Blbllom- 
Ihy. may be used to select the .pDmprlak 
fllter. 

F) for 2 hoyIL New s U h  gel nmy be d u 
r e l v e d  NtenuUveb.  other b u  of da lc -  
xnts (Cqulvslrnt or Luuer) my be 
wblcct to the wplonl &.the MmlnlsLn- 
tor. 

Wcuutrt lnthe~brequh&,db 
tuledrrta.h.nbelllrdRurIbIultArnlar 
to ndd ua? to dhluste a high hlulk on tat 

3.1.4 cnubed Ia 
J.1.5 Stolxock Grasr  htonelnsoluble .  

heat.t.ble dllcone a a x &  Thls b not necto 
tU7 U C a ' e W a  mDpccIM rlth Te(l0n 
sleeves, or dmllu. are u a d  NterruUvely. 
a t h a  t ypeso fa topoe t  - my be USeQ 
Wblect to the . p V d  Of the Admlnlstn- 
tor. 

m z  <0.001 parccnt mdlduc, In sk i3  bot- 
la--(. reaulrrd htoone from MW mn- 
d n e n  r m e W  h u  a Ugh W u e  blank 
urd should not be used &xmct&ies. suvpll. 
cn t-er =tone to cbzd booluu from 
metal mntrlmrs: thu acetone blvltr shall 
De N n  Ddor to fkld lLtc u l d  Onll uetone  
4 t h  low blmk v s l u a  (<0.001 percent) shall 
3e used. In no use shall blnnk value of 
zreatcr thin 0.001 m m n t  of the  welght of 

withln 0.1 me. 

method D298611 (Rupproved 1978) thmr- 

3.1.2 SUlM &I. IlldlCSUllE tm. 6 to 16 
17T-C (35Q' nab 11 D M O d Y  UUd. dTY 

J.l.3 'w*. when UxmIJds of the Inat& 

- D I U  

3.2 8.mDk m t Y .  Aab4nc--t 

acetone used be Iubt rx ted  from the sample 
w r l e h l  .. _._. . _. 

3.3 Analysis. Two reagents are required 
for the analysis: ~~~ ~~~~ ~ 

3.3.1 Acetone. Same as 3.2. 
3.3.2 Drrlccant. Anhydrous calcium SUI- 

fate. indlutlng type. Nkrnatively. other 
types of desiccants may be used. subject to 
the approv~l  of the  Adminlstrator. 
4. Procedure 

4.1 SamPlinc. The complexity of this 
method Is such that. In order to obhln  rell- 
able results. teskrs should be Vnlned and 
experienced with the test procedures. 

4.1.1 Relest Preparotlon. All the mmpa- 
nents shall be mnlnWned and srllbrated .c- 
cordlng' to the  procedure dacrlbed ln 
ApIp-0516. unlw otherwlsc apeclfled 
hereln. 

Welgh several 200 to 300 g wrtlons of 
sllla gel In d r - t k h t  wn ta lnen  to the near- 
a t  0.5 g. Record the total welght of the 
slllu gel plus conulner. on each wntalner. 
hr m akanaUve. the alllu gel need not be 
prewelghed. but may be weighed dlrectly In 
the h p l n r e r  or sampllng holder Just prior 
to trnln usembly. 

Cheek Illten visunlly 8zaIm.t light for lr- 
regularftlw and flaws or pinhole leaks. 
label Illten of the pmmr diLmcter on the 
bact dde  n m r  t h e  edge ustry numbering 
mrchlae Ink. hr .n altemntlse. lnbel the 
shlppIng w n h h e n  ( g k u  or PIUUC mtxl 
dishes) md keep the Illten (n these mnWn- 
e n  at Jl LLmu excep' during nmpllng nnd 
welghtry. - -  .- 

Dulaale lhe fllten at 20f5.6. C (68f10' 
F) m d  nmblenl  res sure for a1 1- 24 
h o w  and wdgh at In- al at leut (I 
houri to cormtaut W h b  LC. OS UK 
eh.noe lrom prrrlwr sclghlny. -ad rr- 
mlta to the nearat 0.l am. Durblc uch 
~ h h g  the r n h  must not bs expoad to 
t h e h b o d o r T ~ f o r . p e r l o d  
.mta'uUn 1 mtnuta .nd a rchtlva hu- 
rmdlty above SO WrCenr Nta'naUVeb 
tunlea othe& .rwUlcd by the Admlnh 
Intor). the fllten m u  be men at 105' 
C (210' P) for 2 tn J houn, da .kuted  for 2 
houn, and W h e d  Roadura other than 
thou d d k O  rhlch -t for relaUve 
humldlt9 effect& my bs used. subject to 
the .ppmd of the . u d & h t o r .  
4.1.2 Rcllmlnvl Detlrmln;.uMI. SeleCl 

the ..mplW dte and the mhlmum number 
of pmpW p o l n t a ~ n l l ~  to Method 1 or 
M specifled by the AdmLnMntor. Deter- 
Inbe the  - DICINP% (Cm-tlUC. md 
the ~ u e  of rrfoclty h u d a  ushu Method 2: 
It b temmmended that a leakcheck of the  
pltot unu tue Method 2, &Uon 3.1) be 
mrformed. Determine the molsture mntent  
ualng AppmrlmaUon Method 4 or Its dkr. 
MUWS for the PUWC of maklnn Lcoklnetle 
m p l l n o  nte sctllnzs. Determine the  suck  

sar d r y  molecular weight. ~1 described in 
Method 2. Sectlon 3.6: I f  Integrated Method 
3 mmoling is used for molecular weight de. 
termi"ntlon. the integrated bag ;ample 
shall be taken simultaneously with. and for 
the same total length of time'as. the partic- 
ulate  le run. 

Select a n-le slze based on the range of 
velocity neadr. such that i t  is not necessary 
to change the n o d e  size in order to main. 
Uin (SOkintUc SamPIlns rates. Durina lhe  
run. do not change the n o n k  SILC. Ensure 
that  the proper differental pressure gauge 
is chosen for the range of veloci t~ heads en. 
countered (see Section 2.2 of Method 2). 

Select a suitable probe liner and probe 
length such that all traverse points can be 
sampled. For large stacks. consider sampllng 
from o p w l t e  sldes of the  slack to reduce 
the length of prober 

Select L (ocal sampllnz Ume greakr  than 
or mual to the  mlnlmum total SamDlinn 
tlme &cifled In the  Lest procedures for th; 
rrneiflc Industry such that  (1) the  sampllng 
tlme per point b not las then 2 mln (or 
some greater t h e  Interval 8s specified by 
the  Administrator). and ( 2 )  the sample 
volume taken (corrected to standard condi. 
lions) will exceed the requlred minimum 
t&al gas 5ample volume. The latter Is based 
on an approxlauce average sampling raw. 

I t  Is recommended that  the  number of 
minu tu  w p l e d  at each w l n t  be M Integer 
1r an Integer plus one-half mlnute. in order 
u) wold tlmekeeDIng erron. T h e  sampling 
t h e  at each w l n t  shall be t he  same. 

In some drurnslanca. e&. batch cyclu. It 
mw be nnxsrry to sample for shorter 
tlmw at the  tnverae Dolntr m d  to obtain 
muller gsd sunple v o l u m a  In these casu. 
the  A m t o f S  4IDlUV.I musl f h t  be 
0bt.lned 

4.13 F7ep.nUon of CollectJon Tnla 
'During prepul*lOn Md rrsembly of the  
um~lloo cnln kccp UI ovmlnss where can- 
tunlIuuon ern OCCUI mered unm jurt 
Drlor to -bb or unU1 s ~ p l h g  b about 
to bessn. 

PI- 100 ml of water In e r h  of the  flnt 
two lmvInner& leave the thlrd Imphger 
empty. and transfer .pvmxlmrtcly zoo to 
300 g of pmdghed d l l a  gel fmm Ifr mn-  
u lne r  to the  fourth lmplnger. More slllu 
Eel may be USeQ but a r c  should be Wren to 
ennve t ha t  It b not en-& and  led 
out from the  Implnger durlnp sampling. 
Place the  wntalner In a CI~M PI- for later 
use In the . ~ p l e  recovery. AlternaUvely. 
the welght of the  lllla re1 DIUS Implnger 
may be detcnnlned to the  n e s m t  0.5 g and 
recorded. 

Uslng a tweezer or e lem dlswsable sursi. 
c d  cloves. Place s labeled (Identlfled) and 
wethed  filter In the fllter holder. Be sure 
:ha1 the  filter I8 DmDertY.centered and the 
gmket PrOmrlY Dl.eed SO u to prcvent the  
samplc KU streim from clrcumveniiny the 

,/ 
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&cr. Cheek the lllter for l e a n  aflcr Lscnl. 
I l l y  is complekd. 

When gl- llnerS are used. i N b l I  l h e  re. 
lccted nozzle using a ViLon A O-ring when 
;tack temperatures are less than ZGO' C 
(500' F) and pn asbestos string gaskc1 when 
LemPeraturer are higher. See A P r D - O S 7 6  
lor details. Other COMCCtihg sys t em using 
either 316 stainless steel or recon ferrules 
may be used. When mcW llners u e  used. 
1mW1 the n d e  as abmc or by a ieak.rree 
direct mechanical COMeCtfOn. Mark the 
probe with heat reslsKt tape or by some 
other method to denote the Proper dhlance 
into the stack or duct far each 5unpllng 
polnL 

set UP the train as in mgure 5-1. using ( i r  
nec-ryi a very light COIL or silicone 
grease on all mound rlau lolnts greasing 
only the o u t u  DoNon (see A p I p - 0 5 7 6 )  Lo 
avold possibility or conLPmInitlon by the sll. 
lcone grease. Sublect Lo the approval of the 
AdmInIstrator. a glau cyclone may be used 
between.Lhe probe and filter holder when 
the LOW particulate u t c h  b exmted Lo 
exceed 100 mg or when water droplets u e  

Place crushed Ice around the lmpbgen. 
4.1.4 LeakCheck Rocedurcs. 
4.1.4.1 Pretest LeakCheck. A pretest 

leakeheck Is recommended. but not re. 
puhed. I1 the  tester OD& to conduct the  Dre. 
test leskeheck. the  following .procedure 
shall be used. 

After the Sampllne train har been auem- 
bled. turn on and set the  lllter and Probe 
heating ryrteemr Et the dulred operating 
temperatures Allow t h e  for the  tempem. 
t u r n  LO r t a b l l k  If a Vlton A 0-rlne or 
other leak-free mnndon Is UJed In LBem. 

DrcSent In the st.c* gM. 

b l h  the pmbe noale to the ~ m b e  Ilner. 
leak&eck the t d n  at t he  aunPlIng lite by 
plugging the nuzzle and Pulllne a 380 nun 
Hg (I5 In He) neuum. .. 

c o a w  adjtmt valve. ~ ~ m p l ~ t e l y  closcd. Par- 
tially open the  coarse adjust valve and 
slowly close the byp- valve until the de. 
sired vacuum h reached. Do not reverse di- 
iectlon or b y b w  YPIUC: this will cause water 
to back up inlo the filler holder. I f  the de- 
sired vacuum h exceeded. either lerkeheck 
at t h h  higher vacuum or end the leakeheck 
as shown below and rbrt over. 

When Lhe leak-chcck h completed. rlrst 
rlowly remove the  plug fmm the Inlet Lo the 
probe. rllter holder. or cyclone (If nppllca. 
blel and Immediately turn off the Vacuum 
pump. Thh prevents the water In the  Im- 
plngen rrom being forced backward Into the 
rilter holder m d  silica get rrom being en- 
trained backward into the third impingcr. 

4.1.4.2 Ler*.Checks During Sunplc Run. 
Ir. during the sampling Nn. a component 
(e&. lllter -mbly or Implngerl change be- 
Comes unec-. * leakcheck shall be con- 
ducted Immediately before the change Is 
made. The leak-check shall be done accord- 
ing to the pmcedure outlined in Section 
4.1.4.1 above. except t ha t  It shall be done at 
a vacuum equal to or greater than the maxi- 
mum value recorded UP LO that wInt In the 
test ir the ~ertaee rate h found be no 
greater than O.WO57 m V m h  (0.02 crm) or 4 
pemnt  of the avenge sampling nte 
(whichever Is Iml .  the results are ucepta- 
ble. and no m m t l o n  wU1 need to be aw 
plled to the LOW volume of dry gas meteered: 
If. however. a higher leakage nte Is ob- 
trlncd. the Later shell either record the 
leskwe rate and PIM to correct the  rample 
volume as shown In Sectlon 6.3 or this - 
method. or shall "old t he  sampling 0. 

Inunedlrtely dtcr component changes. 
leakcheeta UIC optlorul: U such le l tehecks  
mre done. the procedure outlined In Sectlon 
4.1.4.3 lbave .hall be used. 

4.1.4.3 Par&M Leak-Check. A leak- 
check Is rmndaton u the  condudon or . . . .  ~~~~ .......... .. 
each sunoulu run The lu*check shall be 

I f .  however. P higher IcakWe rate IS ob. 
trined. the lcsler shall either record the 
leakage rate and Corrcct lhc sample volume 

4.1.5 Particulate Traln Oaration. 
Durlng the rampline run. milntaln an ho. 
kinetlc sampllne rate (wlthln 10 perccnt 01 
true bokinetic unleu otherwhe speellied by 
the Admlnlstmtor) and a temperature 
around the filter or 120214' c (248tzs FI. 
or such other temperature u speclrled by 
an applicable subpart of the standards or 
approwed by the Admlnlstmbr. 
For each run. record the data rmulred on 

w shown in SCCtlOn 6.3 01 thls method. or 
shall void the sampling run. 

a data sheet such as the one s h o r n  In 
Piguure 5-2. Be sure Lo record the lnltlal dry 
ens meter readinn. Runrd the dry m meter 
kadlnes at the beaMlrY m d  end of each 
sampllne t h e  Increment. when changes in 
now rates u e  made. before M d  l I k r  each 
leak-check. and when sampllne b halted. 
Take other readings rmulred by nwre 5-2 
a t  ieut Once at each Sample wlnt durlng 
each Ume Increment and ddltlonel read- 
ings when slmlllant changer (20 perccnt 
vvlntlon In velodty head re.dlne) necerrl- 
t a b  additional d u s t m e n t s  In now rate. 
Level and Eem the manometer. Because the 
manometer level and zero may drlrt due to 
vlbntlors and temperature changes. make 
periodic ch& durlne the traverse. 

Clean the  w l t h o l n  prior LO the test run 
to minlmlzc the Chance Or SamDlhe deposit- 
ed materlal. To begh Sampling. remove the  
n o d e  cap. verlly that the IUter and pmbe 
heatlng System Y e  UP Lo tempernturn. and 
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Stint weight. Report the IcsuiLs LO the near. 
est 0.1 mg. 

Container NO. 3. Weigh the spent sllicn 
gel (or sillca gel plus impinger) Lo the  near- 
est 0.5 c uslng a balance. This step may be 
conducted In the field. 

"Acelone nlank" Container. Measure ace- 
Lone In this container either valumentrlcal- 
I Y  or gravimetrically. Transfer the acetone 
l o  m bred  250ml beaker and e v ~ p o n t e  to 
dryness at ambient temperature and pres- 
sure. Deslcute for 24 hours and weigh to a 
constant weight. Report the resulu Lo the  
nearest 0.1 me. 

NOT= At the Option of the  Lakr. the con- 
tents of Container No. 2 as well as the  ace. 
Lone blank COnLalner may be evZwrated at 
kmperatures hleher than mbicnL  If evap 
oratlon Is done at an elcvakd kmpenture .  
the temperature m u t  be below the boung 
wlnt of the solvent: a h .  to prevent " b m p  
Ins: the evnwration pmeers must be close. 
I Y  rupervW. and the w n k n t s  of the 
beaker must be wlrled oceaslollllly to main- 
tain an even temperature. Use cxtxeme M. 
as acetone Is hlghly flammable and has L 
low flash wht. 

4.4 Quality Control Procedures. The foi. 
lowing auallty control DrOCedUres are suo- 
geskd to check the volume meterlng system 
callbration Values at the field test dk prior 
Lo s a m ~ l e  collectlon. These Procedures are 
optloMl for the tester. 

. . . . . . .. . 
. . ... 

6. Cdcdal iont  

6.1 Nomenclature 

4.-Cross-rectlonal area of nozzle. m8IftV.  
B,-Water vawr in  thc  gw Stream. PrOwr. 

Lion by volume. 
C. -Acetone blank residue concentration. 

mde.  
:.=Concentration of particulate matter in 

$Lack gas. dry basis. corrected Lo stand- 
ard conditiom. g/dscm (g/dscf). 

(=Percent of koklnetic sampling. 
'.~Maxlmum PCCepLlble leakage rate for 

elther a pretest leak check or for a leak 
check following a comwnent change: 
equal Lo 0.0057 m2/min (0.02 cfm) or 4 
percent of the averwe rampling rate. 
whichever is 1- 

L-lndivldual leakwe rate observed during 
the leak check conducted prior Lo the 
I wmwnent change l i = L  2. 3 .... n). .. _.. 

m'/min (cfm). 

Lat leak check. m'/min (elm). 
L=Lcakace rate ohserved during the mst- 

=-TO~AI amount-of iarticuiate matter eoi- 
lecLed mc. 

mole (I8.Olbllb.molel. 
M.-Malecular weight of water. 18.0 g/g- 

~ = M w  of residue of acteone after CYLPO. 

P,.-Blmmetrtc piesure al the rrmplmg 

P.-Absoluk stack gas pressure. mm He (in. 

ration. mg. 

rlte. mm He (in. Hgl. 

"*I -..,. 
4.4.1 M e k r  Orlflce Check. Usbr the call. P,-S(uldard absolute D T C Y U R .  760 mm 

braUon d a h  ob(llned during the callbralion Hg (29.92 In. Hg). 
Draedure dewribql In Sectlon 5.3. deter- R-Ideal conrt.nL 0.06236 mm Hg.m*/ 
mlnc the AH. for the meterha ryltem ori. 'K.rmole(Z1.85 In. Hg-ft*/'R-lbmole). 
flce. The AH. lr the orifla pressure differ- T.=Absolute average dry  gas meter kmper- 
enupl In unttr of La KO that correlates to ature (see N m  5-11. 'K IYtI. 
0.75 d m  of dr at 528'R and 29.92 La Bo. T.-AbsoIUte avaase 8- gas temperature 
The AH. L dculr(ed u f O U 0 ~  , (see A.urr 5-21. 'K rR). 

T--Stuldud . b r o l U t e  kmDeratUre. 203' K 
(62k RI. 

V.-V0lUms Of .c+(ooe bknt mL 
V..-V0lUms of acetone used In Mh mL 

T. e* V.-mL.I mlume of Upuld mUsted In Lm- 
FhZtn  uld dlla rcl (see R.Ur0 S-3). 

P YV'. mL 
AH.-O.O118 AE - - -- 

&--Volume Of  rU UmDle U m m r e d  by 

V . a - V O l ~ e  Of gsa W D l e  musured by 
dry w meter. dan tdscf). 

the dry .u meter. oomctcd to s~urdsrd 
condltlonh dual tdscl). 

V-)-Volume of water vmpor In the .u 
AB-AVeIWC D- dllferentlll - W D l Z  COIreCkd to S t a n d a r d  wndl- 

the o N k e  meter. In. KO. uonr. ym t d ) .  
T.-Absolute average dry .u meter tanper. 4 - S W  nu VelodtY. alculatcd by Method 

a t w .  'R a. Ealuuon a-s, using dah obWned 
P,-BuometrIc D r u s U r e .  In. Hg. fmm Method 5. mlaec (ftlsee). 
throw . p m p l l ~  tlme. mln. W.-Wekht of m l d u e  In -tone w h .  mg. 
Y -Dry a- meter allbrstlon fwtor. dlmen- 

AH-Avenge DrCISurF dlffcrentlpl ux0c1 
the orlflce meter (see Nmre 5-2). mm V.-Volume of u m ~ l e  Y measured by H ~ O i n , H , O , ,  

k=Denslty of &ne. m8lml (see label on 
bottle). 0.0319=(0.0587 In. Hg/'RI a f0.U elm)' 

Ea. 5-9 
W h e r e  

mekr ullbntion 
s 1 on 1 ear. 

dry IU meter. dcf. 

p. =DCNilY 01 water. 0.9962 g/ml (0.00220 

U=Total sampling time. mi". 
O,=SPmPling time interval. from the  begin 

ning of a run until the first componen 
change. mi". 

&=Sampling Lime interval. between two PUC 
cerrive component changer. beginning 
with the interval between Lhc first an' 
second changes. min. 

e,=SmPlinc time interval. from the fina 
(n") COmDonent change Untll t h r e n d  01 
the sampling run. mi". 

13.6=S1~cific grivlty of mercury.. 
6O=Sec/min. 
IOO=Converrion to percent. 

6.2 Average dry c a  meter temperature 
and average orifice p i e su re  drop. See d a h  
sheet (F1oure 5-2). 

,6.3 Dry Gas Volume. Correct the Jamair 

Iblml). 

volume measured by the dry gm rneGr-ta 
Standard COndltlON t2O' C. 760 mm Hg 01 
68' F. 29 92 In H 8 )  by using Eauation 5-1 

where: 
K,-0.3858 'K/mm Hg for mctrtc units 

Norr EpuaUon 5-1 QII be used u arltten 
.unlrrs the leakwe rate obvrsed d- any 
of the mandstary leak ch& (Le. the post, 
M leak check or leak checka conducted 
vrlor to comwnent ch.noes) ex& L. u 
4 or ex& I.. EpluUoa S-1 must be 
rnoduled u fouows 

(8 )  Cue 1. No wmwnent chrncu made 
during MmDllng NIL In thls chx. replUe 
V. In Epuatlon 5-1 wlth the exprrsrlon' 

-17.64 ' R l h  fig for m l w l  unttr , 

V.44-LYI 
(b) Case 11. One or more component 

chuwu N e  during the . ~ p l I n ~  tun. In 
thlr Use. r e D h x  V- In F&uaUon 5-1 by the 
exvrrslon: 
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and substitULC only far those Icakam rates 
: L o r  L.1 which exceed L. 

6.1 Volume of water v w o r .  

where: 
K.=0.001333 nt'lml for metric uniu 

=0.01707 1LVml far English units 
5.5 Moisture Content. 

Equation 5-3 
N o m  In saturated or water droplet-laden 

ga% stre-. two CPlculatioN of the mois- 
ture content of the stack e= shall be made. 
one from the Implnger analysis (Equation 5- 
31. and a second from the  PSSUmptlon of 
saturated mnditions. The lower of the two  
valuer of S. shall be CONldered correct. The 
procedure for determlnlng the mohture con- 
tent based upon LrmmpUon of u t u n l e d  
mndltloru Is dven In the Note of Secrlon 1.2 
of Method 4. For the  purwses of this 
method. the average stack tu temperature 
from Figure 5-2 may be used to mr*e-thh 
determinatlon. Provlded that the aocuraccy 
Of the  In-stack temperature sensor Is tl? C 
(2'F). 

6.6 Acetone Blank Concentntlon. 
. . . . . .  

E q u a m l Y  

m c. P - 
v.a 

6.7 Acetone W u h  Blank. 
w.-cv+ EauaUon 5-5 
6.8 TOW RIUCU1.k WelghL Determine 

the tow P.NCUlate catch from the sum of 
the welihtd obtahed fmm m n h l n e n  1 and 
2 leSr tho uxtone  blMk (see Rare 5-31, 

NOlE Refer to Sectlon 4.1.5 to rulst In 
CakulaUon of mul td  lnvolvlnr two or more 
lllter u rembl l a  or two or more sampling 
L d N .  

6.9 ParUcuIak Concenirarion. 
C~(0.001 9lrnb-I (nh/V.  -1 Eqvailon 

6.10 Conversion Factors: 
i -6  

, .  
F?On TO -1.. ."'"hpl ..... ...... i 

X I . .  . . . . . . . . . .  0.02032. 
gin, .................. 1 5 . a  
gins . . . . . . . . . . . . .  .............. 2 . 1 0 ~ ~  1 0 - 1  
Ql*' ................ 35.31. 

.......... .L 

6.1 I lsokinetic Varition. 
6.11.1 Cxlculntion From Raw Data 

I =  

IO+ T.lK,V~,+~P./T.I~P,.+AH/lJ.G11 
608, P, 1. 

Equation 5-1 
where: 
K.-0.003454 mm .Hi-m'/ml-*K for 

-0.002669-in. He-fC'/ml-'R for Eng- 

6.11.2 Calculation Prom Intermediate 

metric units. 

lish units. 

Values. 

. - . -  . . . . . .  
where: 
R.-4.320 for metric unltd 

............. -. ~.~ 
Uule'rrsultd ue l ~ r  iu eomuulson to the 
standud md I h beyond the acceptable 
-01. U Ih I e ~ r t h m  m cement. the M- 
mlnIstntor m w  OP; to accept the results. 
Urn CIhUon I tu d o  Judgments. Other- 
Wlre.  rrlecc the m l t d  Md reveat the tat 

- .  
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PRINCIPLE 

A sample of flue gas ,  containing a mixture  of par t ic le  shapes and densities, is 
f rac t iona ted  according to the aerodynamic Character is t ics  of t h e  parricles. T h e  
aerodynamic charac te r i s t ics  a r e  re ferenced  t o  u n i r  density spherical  par:icles,  an^ 
:he fractionation is accomplished by a ca l ibra ted-mul t i - s tage  impactor.  The parricles 
co l lec ted  on each s t age  a r e  aerodynamically equivalenr in size 10 the uni r  densiry 
spheres  used to ca l ibra te  each specif ic  s:age. I 

The determinat ion of p a r t i d e  size disrriburion plays an essent ia l  role in evaluating 
par t icu la te  collection equipment,  since t h e  eff ic iency of such equipmenr !s direct ly  
r e l a t ed  t o  the p a r t i d e  size. In addition, excessive a n o u n r s  of very small  p a r r i d e s  
will .not significantly increase mass emissions,  but will cont r ibu te  to increased 
opacity.  

TEST APPARATUS 

A. Sampling Train 

The sampling train may be any s tandard  ASME or E P A  par t icu la te  collecring 
train, such as t ha t  used for EPA ,Method 5 or  (Method 17. 

6. Cascade Impactor  

The cascade impactor  is an in-stack, mult i -s tage unit  which a t t a c h e s '  t o  t h e  - 
above sampling train. it allows for isokinet ic  sampling, and for  measurement  
of p a r t i d e s i r e  distribution and total mass  concentrat ion.  

The impactor  has six or e ight  co l lec t ion  stages, with independently ca l ibra ted  
partide si& cut-offs ranging from nominally 0.155 tu > 28 microns. I t  has  
radial-slot design to create a c i r cumfe ren t i a l  f low be tween stages, result ing in 
very low inter-stage losses. Slot ted  glass f ibe r  f i l t e r s  are placed on top of 
each  impactor  stage, and a solid glass f iber  f i l t e r  is used to co l lec t  all of t h e  
fine p a r t i d e s  not ' f ract ioned in the stages. 

SAMPLING PROCEDURE 

A. Selection of nozzle sire is m a d e  ro a t t a i n  isokinet ic  sampling conditions 
(+IO%), - and the proper sampling f low r a t e  is determined.  

Optimum sampling t ime is selected, to assure suf f ic ien t  mass  on each  stage for  
accu ra t e  weighing (0.5-1.0 mg/stage minimum), but  no t  cause  excessive 
loading and r e e n t r a i n m e n t  ( > 5 rng maximum for  dry particles). If no prior 
par t icu la te  da t a  is available, a t r ia l  and e r ro r  method is used t o  de t e rmine  
optimum time. Sampling t imes will typically be  5-10 minutes  at col lector  
out le t .  and less thm five minutes at  t h e  inlet. 

EL 

.. - .. . .. .. ... .. . . . . . . ... .. 
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IV. 

. -  

F. Remove impactor  and probe from the  s tack,  disassemble the cascade inpac:or. 
and s t o r e  the collection papers  in containers  for weighing. 

- A N A  '.Y TICAL PROCEDURE 

A. Dry  t h e  collecrion papers in a n  oven and cool in a dessicaror.  Weigh f i l t e rs  in 
laboratory.  The par t iculate  weight per s tage.  Wi, is :he difference beiween 
initial and final weights. 

8. if nozzle or o t h e r  parts (such as preseparator ,  used at high grain loadings) of 
the  impactor  have particles on them, carefully remove with a f in&Wed brush, 
wash with ace tone ,  dessicate,  then weigh, and add to W. for the preseparator .  
If part icles a d h e r e  between s tages ,  add weight to W. for t h e  stage immediately 
downstream. 

1 

...... -. I 

\1.- -. _CALCULATIONS AND DATA PRESENTATION 

A. 

0. 

C. 

Calculate i s o k i n e t i a  using s tandard  procedures. 

Calculate weight percent  of p a r t i d e s  on e a c h  stage: 

W t .  % I Wi/WT 

w h e r e  W .  = Weight collected on stage i. 
I 

W T  = Total part iculate  weight collected.  

Calculate sampling rate (CFM) 

m 'bar Tcoll Q: V 

-21- 



D. 

E. 

F. 

C. 

H. 

I. 

. .  

C :  

I *  

where 7 = Flue ga viscosi:y (poise) .' 

See Figure 3 for g r a p h  of viscosirv 'a. t e m p e r a t u r e  

: 2, .,. :or r r i e r e n c -  spheres fDp,j,2:r . ,xJ 

Calculate  :he Median Diameter ,  Dp,50, for each  stage: 

~. . .  
where  Cr  . = Slip Coefficient 'of re ference  spheres 

3 = Density of fly ash (g/cm ) 

Typical values are 2.5 g/cm, (coal)  . . 3 
1.8 g/cm (lignite) 

P P  

from Table  11. P,50 If t h e  preseparator  was used, c a l c u l a t e  t h e  D 

Graphical Presentation 

1. . P a r t i d e  s ize  distributions are"o1otted cumulat ively on log-probability 
paper. In this .  format, t h e  cumula t ive  
weight percents  for e a c h  s t a g e  ( E W i / W T ) ,  s ta r t ing  with t h e  backup 

for  rhe preceding numbered stage.  f i l ter ,  are plotted against  the  D 
See Figure Cr for an example.. 

h c e  the  cumulative par t lc le  s ize  distribution is :plotted, t h e  two major 
parameters  of p a r r i d e  s ize  distributions c3n be determined: 

._. 

P,50 

Thc "Llass Llediar. D l a n e r e r " .  D 
. > f  :?.e si:? . ) f  :! le ?ar;:c!es. 

wh ich  :s A n  overall  .+ec\sxe 

/ 

P . j O q  

.. ~. - - - . .  .. ~~ 
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b. An arb i t ra ry  s a l e  of ranges; such 25 (3 to 3 . 5 ~  , 9 . j  to !.O 1.0 
TO 5.0,~ , 5 to l o p ,  IO to ZOp, 20 to b o p ,  40 :o S O P ,  andusb ro 
8 0 + p .  The weight pe rcen t  values would be.raken f rom ;he 
cumulat ive log-probability plot descr ibed above.  See Figure S for 
an  example,  based on t h e  plot in  Figure 4. - 
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iapinfer No. Solut ion  Used 

1 

2 

3 

6 

~~~~ ~ 

.. .. .~ . ,  

- . . . .. ... . .. . .. . .  

il7,o'2nt of Imp. Tip 
S o l a t i o n  ( m l )  Configuration 

. . . .  , .  .. .... .- . .  .. 

Flask 

Weight (qrams) 

F i n a l  5 9 Y , O  
I n i t i a l  $&,o 
W t .  g a i n  g.0  

F i n a l  3 8 U . b  
I n i t i a l  S 7 ~ , 0  
W t .  gain ha -_ 

Fina l -  
In i t ia l  
Wt.. g a i n  , 

F i n a l  
Init ial  
W t .  g a i n  

F ina l  
I n i t i a l  
W t .  g a i n  

TOTAL WEIGHT GAIN OF ~ M P I N G E R S  (grams) ZY.( 

Signature 
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IMPINIGER CATCH 

S m p l e  No. / n r T " L  . 

A n x n t  of 
So lut ion  (ml! 

Imp. Tip 
Conf iqurat  ion Impinqer N o .  

1 

Weight. (qrams) Solut ion  Used 

DE 6 4 7 3  Final  A033 
I n i t i a l  59J-,& 
W t .  ga in  $.S 

/_13 

4 

'5  

- , . .~. , 

6 
. -  

F i n a l  
In i t ia l  
W t .  gain 

Final  
I n i t i a l  
W t .  gain 

F lask  

TXAL WEIGHT GAIN OF IMPINCERS (gratis) g.Y.3 

Date f ,  / 2 2  I f L  

Signature &/W 
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InpinFer KO. 

: 

_I 

3 '  

4 

5 

6 

Flask 

Imp. Tip 
Confiqurition 

GS -SinPliL+ r 

T ~ A L  WEIGHT GAIN OF IMPINGERS (grams) 29.0 - 

Final 
I n i t i a l  
W t .  gain 

.Final 
i n i t i a l  
W t .  g a i n  

. .  



(ESS) 
\ 

~- 

ENVIRONMENTAL 
SOURCE SAMPLERS i--- 

OUTLET PARTICULATE DATA 



.. .. . .  

ENVIRONMENTAL 
SOURCE SAMPLERS i PRELIMINARY: EPA METHODS 1 & 2 





. . .  

j - 7  

LMPINGEF? CATCH 

Inpinger NO 

1 

2 

3 '  

4 

5 

6 

Flask 

?mom: of 
Solut ion Used S c l u t i < : n  ( m l )  

Imp. Tip 
Configuration Weight (?rams) 

F i n a l  
I n i t i a l  
W t .  gain 
F i n a l  
In i t ia l  
Wt. gain  

Final  
I n i  t i a  1 
Wt. g a i n  

TGTAL WEIGHT GAIN OF IMPINGERS (grams) 36.f 

Signature 
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ENVlHONMENTAl 

SOURCE SAMPLEn? 

IHPINCER CATCH 

Impinger No. 

1 

2 

3 

4 

5 

' 6 .  

Flask 

So lut ion  Used 

bP &3 

-wLL!&L 

Amount of 
So lut ion  ( m l )  

0 

-=- 

Imp. Tip 
C m f  iqura t i o n  weight (grams) 

Final  
I n i t i a l  
Wt. 93in.  

Final  
I n i t i a l  
W t .  gain 

Final 
I n i t i a l  
Wt. gain 

-_ 

Signature @&U 
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Impinger No. Solution Used 
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W t .  c2in 

- 1 --- ~ -, ., \ 
....... .. . . .. . ,, .. ... . . ... ... . .. .. .. . ~ ~ - . . -  ...- .. . .. . . .. - .~ . . . .~  



i 
i 

. .. 

I i 

I 

, .. . 

. .  
, 
. .  

! 
8 %  

I 
!. .. 

1 :  
j 

, .  
, 

. .. 

(LETS) 
ENVIRONMENTAL 

SOURCE SAMPLERS 

- PARTICLE-SIZING-FIELD-DATA INCLUDED IN APPENDIX B 

\ / 
. .. 



. .  

APPENDIX B - CALCULATIONS 
- ___.~ - . . . .  . . . . . . .  -__ -. . 

/ 
........... ................ . . . . . . . . . . . . . . . . . . . . . . . .  ....................... - -. 

... 



I N L E T  PARTICULATE DATA 

. .  

\ . .. - . .  1 
,, .. . . . . .. .. . . . .  . . ... . .  .. . .~ .. . .  ~ . . .. . . ~. . .. . . .  . .. 





TEST CALCULATIONS 
ENVIRONMENTAL 

SOURCE SAMPLERS 

VOLUME OF WATER VAPOR 

Vu STD - 0.0471 ( DJi/ . ) /  I - I B I  f c3  ' 

. . .  . . .  . . . . .  - . . . . .  . .  . . .  - V & W c l r Y  

.... ,/ 
......... . . . .  - -. ._ . . . . .  r .. .: ..... . ~. \ 



/-- 

r N 

\ 
. . .. .. . . . . . .. . . .. .. , .. . . . .  



TEST CALCULATIONS 
ENVIRONMENTAL 

SOURCE SAMPLERS 

. 

,/ 



N z 
'd: 

. 

- 

0 
V 

x 

N 
0 
x 

w r 
H 
el 

V 
_I 
0 
a 
.I 
V I  .- 
I +. 

r m  
U 
- e  

s i  
II 

E 

I" 
A 

. 
z 
0 

c " 
Y 
a 
c 
0 

- 

u 
Y 
E 
> 
c 
n - 
2" 

2 

. 
0 

\ 
c 
z 
I " 
a 
Y 
n. 

I 
.A 
0 > 

Y 

a 

c 
2 
Y 
2 
0 . 
I 
0 
U 



. . . . . ., -. .. . . 

(ZS) 
ENVIRONMENTAL 

SOURCE SAMPLERS TEST CALCULATIONS 

DATE: l / / z z f f 6  
TEST NO.: 3 

'.. . . . .  . . . . . . .. . . . -. . . . . . . .. . 



Ess) 
. .  - . .. 

. .  

f --> 

- 
OUTLET PARTICULATE D A T A  



.. . . .. .. . . . . .. . . . . . . . . .. . . . . .  

ENVIRONMENTAL 
SOURCE SAMPLERS 

/ 

TEST CALCULATIONS 

VULUflE OF UATER VAPOR 

Vu STD - 0.0471 ( 8 36*,/ ) - (0 )  /.7/9 fC3 

UOlSNRE WNITENI 

I 



. .  

. .  

i:' 
! 
I .  

1 .  

I 
4. 
t -  ,., 

I 
1 .  

[ 
i 

i ,.. 
., ., 

i 
I .  

\ 
: , .  

r 
! ... . 

!.. 

! 
i 
. .  

i :  
1 
I .. 

I 
1 
! 

1 :  8 ... 

.' 

i :  
8 .  

!. .. . 
1 .. . .  . .  
,... 

! . .  . .. 

.. . .. . . .. . . . . . . . . . , . ,. , . . . . , . . . .. . . , . .. . , ., . .. .. .. .. .... . . . 

L 
J 

2 
A 
I 
€4 
Cn 
W 
€4 

N z 
x 

N 
0 
x 

(u 
0 
V 

I 
A 
0 
a 
I 
".I .- 

n 
F9 

h 

E5 a: 
0 > 
4 



(€TS) 
ENVIRONMENTAL 

SOURCE SAMPLERS TEST CALCULATIONS 

VOLUUE OF WATER VAPOK 

Vu STD - 0.0471 I 8 3 L . i '  1 I I B I  1. 7fl ft' 

N0IS"UR.E CUNTENT 

N.4 LBSlmBN LBSlhUBTU - 29.12 ( I F  1 
120.9-1 lF9a4 I 1  - 



ENVIRONMENTAL 
SOURCE SAMPLERS TEST CALCULATIONS I 

VOLUME Or UATER VAPOX 

Vu STD - 0.0471 ( 8 J5.0 1 - (81  /,64y fC3 

UOISNRE CUNTENT 

WISSIUNS 



ENVIRONMENTAL 
SOURCE SAMPLERS 

PARTICLE SIZING DATA 

..., 



CALCULATIONS: 
i 

I 



Cumulative Wright Percent  ./ .___ ........... .... ..... . ... - . ...... 
. .  . . . . . . .  



i 
I. 

. .  

. .  . .  
. . . . - - 

t 

3 
#n 

3 
u 3 0 

+ 
0 
a, 

0 ca 

.o 
U 

3 
N 

0 
4 

LT 

- 4  

- ., 



(ESS) __- 

/ P A R T I C L E  SIZING D A T A  

. .  

I -  
t 
j CALCULATIONS: 

I A. Sampling Flow Rate. Q lcfml: 

: I  8. Cunningham Slip Cocllicdent lor each ctagc. C: 

. ~~ . .  . . . .. '. . . . - . . . . .... . . . 



2.; 5 t o  : 5  20 10 . A" 5 0  5 0 .  70 90 115 90 Y 5  JB 

,./ 
_, 

', Cumulative Weight Percent  
. . . . . . . . .  . . . . .  . . . . . . . . . . . .  



. . . . . . .. . . . ~  .... . ... . .. . - . - '. 
\ 

. .  



CESS) 

d.' I 

E. Cunninrrham Slio Corfficoeni for each slage. C: 





.. ~ . .  
I 

. .. . . . . - -. 

t 
0 
W 

0 
w 

.o 
.j 

3 
N 

0, 
- 

, r ,  

- 4  

3 
7 

3 ?, 3 
4 



( s s )  . _  - - . . 

PARTICLE SIZ ING D A T A  

:ALCULATIONS: 

A. Samplinp Flow Rate. 0 (clml: 

8. Cunningham Slip Coellicaent lor each slage. C: 

1183 V L G  

rDp.501r 'toll 
c - l t -  

. - - . . .. . .. . - . . . . , . . . . . - . . . .. , .. . . . . . .  



I 
i 

i 
i 

I 

I 

i 

i 

! 

i 

i 
! 

- .. I O  i s  :o JO .lo 5 0  50 10 8 0  8 5  90 Y 5  lli *.$ .. , 

.... ~ 

C umu I J I ive Weigh 1 Per cr: n 1 
. .  .- __ ., . .~ ~-.. . .. . .. - 
. .  . .. 



3 
.? 

3 
rl 

3 
4 



(ESS) 

Time Star t :  ___ 15 /b 
Time Stop: /b /6  
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P A R A M E T E R  A N A L Y S I S  A N A L Y S I S  U N I T  ' D A T E  I S T O R E T  
C O D E  M O N I T O R E D  M E T H O D  R E S U L T  

2 1 8 . 1  3 6  MG/L 1 1 / 2 6  0 1 0 3 4  CHROMIUM 

00530  SUSPENDED S O L I D S  1 6 0 . 2  9 2  MG/L  1 1 / 2 6  
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g j < m /  G7-J 

I 
I A 0.0360g : 0 . 0 / 8 4 ~  c / , r a d  

/OQU "1 ' 

- 123 f i l  ,9./66 De, = Q.#872+ 522 f - 
/01'3nl I U 
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ANALYST 

€ .STONE 

D A V E  H. 

D A V E  H. 

- 

LABORA'1'0RY PAf?AMI??'ER A N A L Y S I S  REPOl?'1' 

. .  . -  

PROJECT E N V I R O N M E N T A L  SOURCE SAMPLER 

- _ - I  . - -  i - - I - - i T J  .- ____ . __ - -. - 
~~ 

SOURCE S T A C K  1 

GROUND WATER CLASS 
SAMPLE TIME LAB. NUMBER 86-501 ~ ~~ 

, SAMPLED BY 808 HAMLIN 
, NO. WELL CASING VOL 
I 

;AS-DISTILLED W A T E R - a ~  INLET SAMPLE DATE 1 1 / 2 2 / 8 6  
; 1 2 1 0 0  NOON 

COMPLETION VATE11/26 /86  
SAMPLE TYPE ( ) BACKGROUNU 

TP u RG E D ( ) S I T E  B O U N D R Y  
( ) IN'I'ERMEDIA'I'E 
i j COMPLIANCE 



., 

._ 
! 
! 

.i 

I ,  

! 
I 

p ~ 0 j ~ c - r  E N V I R O N M E N T A L  S O U R C E  SAMPLER 

SOURCE S T A C K  - G A S - D I S T I L L E D  WATER-a2  I N L E T  
L A B .  N U M R E R  8 6 - 5 0 2  
G R G U N U  WA'l'EII CLASS- 
SAkIPLEU BY BOB H A M L I N  . . 
NO. WELL CASING V O J , .  PURGEII 

STORET 

0 1 0 3 4  

P A R A  M E T E R  
HON I T 0 R E D  

il N A L t'S IS 

0 0 5 3 0  SUSPENDED S O L I D S  160 .2  

O I S S O L V E D  S O L I D S  1 6 0 . 1  
7 0 3 0 0  

' I  

( ) 1 N ' I ' E l l ~ l E U  LA'l'E 
( ) COMPLIANCE 

3 4  MG/L 1 1 / 2 6  € .STONE 

2 0  
1 5 6  

M G / L  1 1 / 2 6  DAVE H. 

M G / L  1 1 / 2 6  



. . .  . . .  . . . . . .  . . . . .  . 

LAUORA'l'0 I1 Y PI\ IiAM f!X"lI A N A  I,Y S 1 S 11 l!rk'( Jl>.'l' ! 

, -  ! PIIoJEcl' ENVIRONMENTAL SOURCE SAMPLER 

P A R A M E T E R  
M O N I T O R E D  



. ... . 

P A R n M E T E R  S TO17 E I '  
M O N I T O R E D  

C H R O M I U M  

S U S P E N D E D  SOLIDS 

i 

i 
I.. 

i '  
j 

n Nn L Y S I S  
N E T l I O D  

2 1 8 . 1  

160.2  

L A  U O R  A TO11 Y C E R  T .I F . 1  C A  T I  OPI N I J I I  1JE11 11 6 1 3 7 

__. 
pI~OJECt18 ENVIRONMENTAL SOURCE SAMPLER 

I 

i 
I 
I 

i 
i 
! 

( ) COMPLIANCE 

I i------ 

11 JMG/L)11/26 IE.  S T O N E  

M G / L  1 1 / 2 6  D A V E  H. ?++x+&T 

___I 



LAUOlliFITOIlY PAlU4ME'I'EII ANALYSIS IlEPUIt 'I '  , 

0 1 0 3 4  

PROJECT E N V I R O N M E N T A L  SOURCE S A M P L E R  

C H R O M I U M  2 1 8 . 1  8.4 

R E S U L T  
S T O R E Y  
C O D E  M O N I T O R E D  N E T I l O D  

P A  R A N  E T  E R 

00530 
70300 

1 6 0 . 1  

S U S P E N D E D  SOLIOS 

D I S S O L V E D  S O L I D S  

I I N I l '  V j11 'E  A N A L Y S T  &kjq 



U 1<0 LVR li  D TEST1 N G LA 1 3 0  Rh'l'O l<Y , I N C . 
L A D O R A T O R Y  C E R T I f ' I C , l l ' I O N  N U N I I E I ?  8 6  1 3 7  

LAUOIU\'I'OI<Y PAlU\AME'I'ER AIJALYSIS  l<El'Ul?'l' 

A N A L Y S I S  A N A L Y S I S  UNIl' 5 T O R  E T  
C O V E  M O N I T O R E D  MET I! 0 D R E S U L T  

P A  I? A M E 1' E /? 

0 1 0 3 4  C H R O M I U M  2 1 8 . 1  12 Y G / L  

p ~ ~ j ~ c r y  E N V I R O N M E N T A L  S D U R C E  S A M P L E R  

U A T E  A N A L Y S T  -I--- 1 1 / 2 6  E.  S T O N E  

, .  
( ) COMPLIANCE 

00530 
70300 

i .. 

! 
D I S S O L V E D  S O L I D S  1 6 0 . 1  M G / L  11/26 D A V E  1 - 1 .  ' 

I 

S U S P E N D E D  S O L I D S  160.2 j ;; IMG~L I ~ ~ / z G  . / D A V E  H .  

--,i 
! 
! 

I 1 - 1  I -i 

I I 1 I 
I I 
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ENVIRONMENTAL 

SOURCE SAMPLERS 
CHAIN O F  CUSTODY 

u 

SAMPLE RECOVERY 

CONTAINER D E S C R I P T I O N  

SAMPLE RECOVERY PERSON: d.i/ 

RECOVERY LOCATION: oc/ J..;-+- 
- __ ..~ . . - 

. .  . .. ___  . 
TIME AND DATE: f i / -ZL/cfb ~ / d > r ~ / ,  _- 

LABORATORY A N A L Y S I S  

LABORATORY ANALYSIS  PERSON: R,/&,.,. M, LL(L.4-J - 
/ 

OTHER P E R S O N ( S )  HANDLING SAMPLES ( I N C L U D E  DATES AND R E A S O N S ) :  

/ i - J q  - 1 1 - Z G  BrO,...l 7 ~ ~ 7 , ~ ~  . & S 7 0 ~ c  Y D-; i& . .L -  4,  c ~ 6 J , n p , ~ 3 L f ,  

,./ . . . . . .  . ~ 

\. 

.. 
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ENVIRONMENTAL 
SOURCE SAMPLERS 
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APPENDIX D - CALIURATION IUATA 
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ENVIRONMENTAL 

SOURCE SAMPLERS N O Z Z L E  MEASUREMENT D A T A  
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ENVIRONMENTAL 
SOURCE SAMPLERS NOZZLE MEASUREMENT DATA 
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A 
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ErlVlRONMENTAl 
S O U ~ C F  S A M P L E ~ S  

THERMOMETERS 
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THERMOMETERS 
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(ESS) 
D R Y  GAS M E T E R  CALIBRATION 

E N V l l 4 O l l M I  I> 1 nl 

SOUJICE SAMI'I 1:Jl:; 

. -__ 

Herering System 
Ioenrificarion: s-& D a t e  // , / / C / f 6  

O a r m r r i c  pressure. P b  = 24,gD i n .  Hg 

I I I I 
Temperatures I 

r Gas Merer I 
, l e t  I Ourler I Average ITlme 

I I I I I I 

I ! I I I I 

... . 
I I I r - i -  -. __  +-.. ___~-. 

._-__ . . . .  ..... i 



Ess) 

Date / / - Y - B G  Thermocouple i d e n t i f i c a t i o n  s-6 Ddm 

Ambient t e m p e r a t u r e  3 2- S i g n a t u r e  R, /LA-. 

C a l i b r a t i o n  
Source  

I C 5  4 ! A T / t  

1 R e f e r e n c e  
Tempera ture ,  OF 

Thermocoupleo 
T e m p e r a t u r e ,  F . 

(2 .  y 

mercury i n  g l a s s  riS'i'h' thermcjme t e r  

2 Tempera ture  
D i f f e r e n c e  ( %  



ENVIRONMENTAL 
SOURCE SAMPLERS 

/-- 

Date ' / I -  q.-,rl& Thermocouple  i d e n t i f i c a t i o n  - 5 - Y  d)ly 

. Ambient t e m p e r a t u r s  L S i g n a t u r e  'fi (u.2 

2 C a l i b r a t i o n  R e f e r e n c e  Thermocouple  Tempera tu re  1 

S o u r c e  Temuera tu re .  O F  Tempera tu re .  OF. Dif fe rence  (% 

1 '  
mercury i n  c l a s s :  Af:'*bb therniome t e r  

7.3 
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ENVIRONMENTAL 
SOURCE SAMPLERS 

I 

Date /(- 9 - BG Thermocouple i d e n t i f  i c a t i o t i  - 8- / WP 

Ambient t e m p e r a t u r e  7 L S i g n a t u r e  4 / A L L  

C a l i b r a t i o n  
S o u r c e  

R e f e r e n c e  1 Thermocoupleo 
Tempera ture ,  OF Tempera tu re ,  F .  

3 L  

47 

.. . _ _  7 0  . _  

1 
mercury i n  g l a s s  4SW thermometer 

Temperature '  
D i f f e r e n c e  (% 

... 
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Date )/ -9 <?3(- Thermocouple i d e n t i f i c a t i o n  6 -  y / - p  

Ambient t e m p e r a t u r e  7 L  S i g n a t u r e  . 

I 

! S o u r c e  
C a l i b r a t i o n  R e f e r e n c e '  

Tempera ture .  OF 
Thermocouple 

Temperature?.  OF. 
2 Tempera ture  

E i f f e r e n c e  1%; 
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ENVIRONMENTAL 
SOURCE SAMPLERS 

] )a te  c/cci-fc Thermocouple  i d e n t i f i c a t i o n  X - 7 s i q c c c L  

I A m b i e n t  t e m p e r a t u r e  7 L S i g n a t u r e  11, /U - , 

I 

1 S o u r c e  
C a l i b r a t i o n  1 R e f e r e n c e  

Tempera tu re ,  F 

7 - L  

2. f 2- 

Y 05 

Thermocoupleo 
T e m p e r a t u r e ,  F. 

Tempera tu re2  
D i f f e r e n c e  (% 

0. 1 

0 . 7  

. .. 



Date //- 9 - f L  Thermocouple  i d e n t i f i c a t i o n  A b7 J T ~ , '  

Ambient t e m p e r a t u r e  3L . S i g n a t u r e  - /i: 4-L 

C a l i b r a t i o n  
S o u r c e  

fd*yyc E/hP 

Reference '  Thermocoupleo 
T e m p e r a t u r e ,  OF T e m p e r a t u r e ,  F -  

'I 
mercury i n  <l.:-i:;s AS'"?. ther:rlomc t e r  

T e m p e r a t u r e  2 
D i f f e r e n c e  (%: 

0. L/ 
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ENVIRONMENTAL 
SOURCE SAMPLERS 

y-, 'dL - 3,s L DATE PLTOT TUBE IDENTIFICATION _ _  
2 1  PITOT TUBE ASSEMBLY LEVLL7 __ 

PITOT TUBE OPENiNGS DAMAGED' - r /U  

'b 0. J 3  X in. 
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ENVIRONMENTAL 
SOURCE SAMPLERS 

PLTO'I TUBE IDENTIFICATION 2,>/  -- U A T E  5 -; -a' c 

PITOT TUBE ASSEMBLY LEVEL? Gc -. 

PITOT TUBE ',OPENINGS DAMAGED'! fd  . . - - 



PROCESS AND EMISSION TEST DATA SHEET 

NORFOLK NAVAL AIR REWORK FACILITY 
NORFOLK, VIRGINIA 

TYPE OF OPERATION 

Hard chrome plating and chromic acid anodizing. Testing was 
conducted on Chrome Line 1, hard chrome plating tanks Nos. 32, 
33, and 34. All three tanks are ducted together to a mesh-pad 
mist eliminator. Three particulate emission test runs were sim- 
ultaneously performed at the inlet and outlet of the demister. 
Methods 1, 4, and 5 were followed. Three particle size determi- 
nations were also made simultaneously at the inlet and outlet of 
the demister using two inertial cascade impactors. All tests 
were of 60 minutes duration. 

Testing was performed by Environmental Source Samplers, Inc. 
on November 22, 1986. The facility was visited on April 8, 1987 
by A1 Vervaert of EPA, Randy Strait of MRI, and Subroto Mitro of 
the Navy. 

TYPE OF CONTROL EQUIPMENT 

Ceilcoat mist eliminator. Based on total chromium, the 
average control efficiency was measured to range from 72.2 to 
80.6%, with an average efficiency of 75.6 %. The mist elimina- 
tor was washed down for four minutes every two hours during 
testing. 

TANKS ASSOCIATED WITH HARD CHROME PLATING SYSTEM 

Tank Capacity Temperature LxWxD Rectifier 

6X4.5X10 0-12 1500 27 1919 130 
28 1919 amb 6 ~ 4 . 5 ~ 1 0  
29 1144 130 8 . 5 ~ 4 ~ 5  0-9 1500 
30 1144 130 8 . 5 ~ 4 ~ 5  0-9 1500 
31 1144 130 8 . 5 ~ 4 ~ 5  0-9 1500 

No. sals F feet Voltaqe Amps 

- - 

32* 1144 
33* 3837 ~~ 

34* 

130 
130 

8 . 5 ~ 4 ~ 5  0-9 1500 
12X4.5X10 0-9 2500 

35 1919 amb 6 ~ 4 . 5 ~ 1 0  - - 
36 1919 190 6 ~ 4 . 5 ~ 1 0  - - 
37 - - 6 ~ 4 . 5 ~ 2  - - 



Tank No. 28 is a cold water rinse, Tank No. 35 is a cold 
water rinse, Tank No. 36 is a counterflow hot water rinse, and 
Tank No. 37 is an air dry station. Tanks Nos. 27, 29-34, and 36 
are the hard chromium plating tanks. Each tank contains approxi- 
mately 33 oz/gal of chromic acid; some or all have push-pull 
ventilation. 

operation. Chromic acid anodizing is performed based on mili- 
tary specifications. Details concerning Tanks No. 4 through 26, 
and the anodizing operation, are available in the test report. 
However, no testing was performed on the anodizing operation. 

Tanks No. 4 through 26 are involved in a chrome anodizing 

EMISSIONS DATA 

MIST ELIMINATOR 

Inlet Outlet 
Total Chromium Total PM Total Chromium Total PM 

(qr/dscf) (qr/dscf) (qr/dscf) tqr/dscf) 

Test 

1 .0050 .0231 .0013 .0041 
2 .0062 .0318 .0012 .0050 
3 .0054 .0260 .0015 .0050 

Average .0055 .0270 .0013 .0047 







'1 

PROCESS ;WD EMISSX0t.J TEST DATA SHEET 

NORFOLt::: N A V A L  AIR REI4OF:K f'ACILITY 
NORFOLI;; ~ 0 I R G I N I  A 

TYPE 0F OPERATION 

H a r d  c h r o m e  p l a t i n g  a n d  c h r o m i c  a c i d  a n o d i z i n g .  T e s t i n g  was 

----------------- 

c o n d u c t e d  o n  Chrome ILine I ,  h a r d  c h r o m e  p l a t i n g  t a n k s  INos. 32: 
35, a n d  34. T h r e e  p a r t i c u l a t e  e m i s s i o n  test r u n s  were 
s i m u l t a n e o u s l y  p e r f o r m e d  a t  the i n l e t  a n d  n u t l e t  0.f t h e  d e m i s t e r .  
M e t h o d s  1, 4, a n d  5 w e r e  f o l l o w e d .  T h r e e  p a r t i c l e  s i z e  
d e t e r m i n a t i o n s  were a l so  made s i m u l t a n e a u s l v  a.t t h e  i n l e t  a n d  
o u t l e t  o f  t . h e  d e m i s t e r  u s i n g  two i n e r t i a l  c a s c a d e  i m p a c t o r s .  A l l  
t es ts  w e r e  o f  60 m i n u t e s  d u r a t i o n .  

TYPE OF CONTROL EGUIFMENT 

Ce i l coa t  d e m i s t e r .  Ecased o n  t o t a l  c h r o m i u m ,  t h e  a v e r a g e  
c o n t r o l  e f f i c i e n c : ,  w a s  m e a s u r e d  t o  r a n g e  f r o m  ' 7 2 . 2  tn 80.6%: w i t h  
ctn. a v e r a g e  e f f i c i e n c v  o f  75.6 %. Washdown f o r  f o u r  m i n u t e s  e v e r v  
. t w o  h u u r s .  

T A N K S  fiSSOCIATED WITH HARD CHROME FLATING SYSTEM ................................................ 
Tank C a p a c i t v  T e m p e r a t u r e  LxW:cD R e c t i f i e r  

1919 
1919 
1144 
1144 
1144 
1144 
;a.27 
2550 
1919 
1919 
- 

135) 
amb 
17- ai.) 
130 
1 30 
13C! 
I 3 0  
130 
amb 
190 
- 

0-12 - 
0-9 
0-9 
0-9 
0-9 
ij-9 
!:) - 9 
- 

15013 

1500 
150!:r 
150CI 
1500 
2501:) 
1500 

- 

- 

Tank  No. 28 is  a c o l d  water r i n s e ,  Tank  No. 35 is a c o l d  
w a t e r  r i n s e ,  Tank N o .  36 is a c o u n t e r f l o w  h o t  water r i n s e ,  a n d  
Tank No. 37 is a n  a i r  d r y  s t a t i o n .  T a n k s  N o s .  27. 29-34? a n d  36 
are t h e  h a r d  c h r o m i u m  p l a t i n a  t a n k s .  E a c h  t a n k  c o n t a i n s  
a p p r o x i m a t e l y  33 o z i g a l  of  c h r o m i c  a c i d :  s o m e  or a l l  h a v e  
p u s h - n u l  1 v e n t i  I a t o r s .  

T a n k s  No. 4 t h r o u g h  26 a r e  i n v o l v e d  i n  a c h r o m e  a n o d i z i n g  
o p e r a t i o n .  C h r o m i c  a c i d  a n o d i z i n g  is p e r - f o r m e d  b a s e d  o n  m i l i t a r v  
s p e c i f i c a t i o n s .  D e t a i l s  c o n c e r n i n g  T a n k s  No. 4 t h r o u g h  26. a n d  
t h e  a n o d i z i n g  o p e r a t i o n ,  are a v a i l a b l e  i n  t h e  t e s t  r e p o r t .  
H o w e v e r ,  n o  t e s t i n 9  w a s  p e r f o r m e d  o n  t h e  a n o d i z i n g  o p e r a t i o n .  



! 

! 



TYPE OF: OPERAT1:ON -. - - .- - - - - - - -. - - - - ._ 

I.-lard c h r o m e  m l a t i n g  a n d  anocl i ;1 inu .  T e s t i n a  wiic-  o n l y  d o n e  
at 1-1 a r  d c h t r o m 8  P I .  a t  i n q op er a t  i on . 

T Y F E  ._ 

C e i l c o a t  d e m i s t e r .  A v e r a a e  c o n t r o l  e f f i c i e n c y  was m e a s u r e d  

OF _ .- CONTROL __ .- .- -. - - _. - - - EEUIF'MENT - .- - _ _  

.t.o r a n g e  f r o m  '72 . :?  t o  8(:1.6%. w i t h  a n  a v e r a n e  e f f i c i e n c v  of  
75 .h  %. Washdown f o r  t w o  t o  f o u r  f i inutes e v e r y  .two h o u r s .  

rmi<:s t:ssoc: _-_ TATEO W:[TH t i m n  CiiwMi: iwfi-r Ir.:o ! x s T m  ___. 

C a p a c i t y  
g a l  5 

1919 
1919 
1144 
1144 
1144 
1144 
3837 
2550 
191.9 
1719 
- 

T e m p e r a t u r e  
F 

130 
a m b  
130 
130 
1 30 
1 3!:1 
130 
13c1 

a m b  
190 
._ 

T a n k  No. 29 is a c o l d  water r i . r i s e ,  Tank  No. 35 is a c o l d  
w a t e r  r i n s e ,  T a n k  No. 36 is c? c o u n t e r f l o w  h0.t wa.tr .1- r i n z e .  and  
'Tank No. 37 is  a n  a i r  d r v  s t a t i o n .  H e m a i n i n a  t . a n k s  c o n t a i n  
appro : . : ima~te : ly  33 o z / a a l  o f  c h r o m i c  a c i d :  some or a l l  h a v e  
p u s h - p u l l  v e n t i l a t o r s .  

Tanks Nu. 4 t h r o u g h  26 are i n v o l v e d  i n  a c h r o m e  a n o d i z i n c  
o p e r a t i o n .  Type  1. C l a s s e s  I and  2 c o a t i n g s  are a p p l i e d .  D e t a i l s  
c o n c e r n i n u  Tanks No. 4 t h r o u g h  2 6 ,  a n d  t h e  a n o d i z i n g  o p e r a t . i o n ,  
a r e  a v a i l a b l e  i n  t h e  .test r e p o r t .  I-towever. no t e s t i n g  war:  p e r -  
f o r m e d  o n  the a n o d i z i n g  o p e r a t i o n .  
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NRUAIREWORKFAC 
BLDG U-60 
NorFolk, Ufl 23511 
E March 1387 

Dear M r .  Strait: 

We hope you will Find the enclosed materials helpFul. IF you 
need further assistance please Feel free to contact me at 
(EOLf) LfLfLf-8398 or 999-8588. 

Sincerely, 

M .  A .  Shaw 



FEDERAL SPECIFICATION 

1. CLASSIFICATION 

1.1 Clans%.-Chromium plnting covered 
by this specification shall be of the following 
c l ~ ? s e ~ ,  ss specified. 

Clusn 1.--Decorative platine (see S.l.1). 
C1us.q 2.-Engineering plating. Plated to 

specified dirnensicns or procossed to 
specified dimensions nfter plating. (See 
G.I.?.) 

12 Types-Clcss I chromium plating 
shul! be of the following types, ns specified: 

Type L-Dright. 
Type 1 I . S a t i n .  

2. APPLICABLE SPECIFICATIONS 

21 The following Federal Speclfications. 
of the instiev in  erect  on dnte of invitation for 
l ids.  form a part of this spwificntion: 

QQ-N-230-Niekel Plsting (Electrode- 
posited). 

QQ-?;I-161--3letals ; General Specification 
for Inspection of. 

f Aetivllies oubide the Federal Governmcnt may 
obtain rnpiei of Federal Sprciflcatlons and Stand- 
nrds as o,it!ined under "General Information" in the 
Indry of Frdrral Spccifications and Standards and 
nt  lhc pri-s indicnkd in the index. The Index: 
which includes cumulative monthly aupp!rmenta as 
i.U\u(.d, is fur snle m n rutscription basis by the  
Supi.rin!cnhnt of Doeumentr. C. S. Government 
I'riiting Grpicc, WashingCon 25. D. C. 

(Single copiei of this iperificotion and other 
prio!uet spccillcations rcqulrrd by activit in oubld 

the Federal Government for biddi 9- UI 
avai:able witbout chargm at  the u a A  R c f d O d  
Otllces in Boston. New York. AUanta. Chicam. 
Kansas City'. Mo.. Dallas. Denver. San Franclwo. 
Los Aogelcs. Seattle, and Washington. D. C. 

(Federal Government activities may ob& mp*. 
of Federal Specifications and Standards and the 
Index of Federal Specifications and S tmdard .  fmm 
established dut r ibu t im points in their agencies.) 

- 
22 Specifications applicable only to iadi- 

vidual depnrtmenb are  listed in section 7. 

3. REQUIRX3lENTS 

3.1 Matcr ia l JcThe  materials shall p m  
duce coatings which meet the requirements 
of this specification. 

3 3  Workmanship. 

3 2 1  Bosis metat.-The basis metal shall 
be free from visible de!ects that wil l  be dctri- 
mental to the appearance or the performnnce 
of the plating. Articlis shall be cleaned. 
acid dippcd. and platd  to produce plntirg M 
hereinaitcr specified. 

322 Plating.-Chromium plating shall be 
smooth, fine grained. adherent, free from 
visible blisters. pits, nodules. porosity and 
indicntions of Siirninp. excessive edge bui!d- 
up and free from other detrimental defec's. 
Slight discoloration resulting from baking 
as ~pecified below. shall not be cnuje for re- 
jection. A!I detallv d workmnnship shnll 
conform to the best practice for high-qunlity 
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Lrighf smooth. uniform in appearance. and 
. -ee from frosty arrxw. 

-3222 Class 1, type 11. plating shall have 
.I satin fir-iih. arnooth nnd uniform in nppnr -  
: ':w. 

3.227 Class 2 plating on functional nreas 
:,;iall be smooth and free from frosty arcns. 

~ K C S  which cover only n portion of the nur -  
ce HhaI1. after finislging a s  indicated in  the 
awir.g, be free of beads. nodules, jagged 

'gca and other detrirnentnl irregularities 

3.3 Crncrnl rcquirtmcnts. 

3.3.1 U ~ i l c s s  othcrwiae specified. the plat- 
IIK tihall IJC npplied after all bnai.4 metnl 

1 L a t  trvutrnenta and rncchanicnl operations 
' uch RS machining, brnzing. welding. form- 
i.li:. and perforating on the article hare  been 
umpleted. 

3.32 All steel part9 having a hnrdness 
Ereater than Rockrell CJO shall be given 
it nuitable strcsrcrelief heat treatment prior 
t u  cleaning and plating if they contain objec- 
f iontlLle residual stresses. The temperature 
r:iall be such that maximum strear relief is 
ddained without reduction in hardness to 
I ss tlian the specified minimum. 

:fU Thc plated nt%iclw d w r i b c d  above 
r ~d not be hcat-treated us nbnve. i f  the pre- 
I w t m c n t  and plating processes used have 
1. 'CII demonstrated riot to h a w  harmfully 
a:Tectd the perfurmanee of the p l a t 4  r r t i -  
c; 1s nnd if approved by the procuring ngency. 

X1.4 Uirieaa o the rmi r  specified by Ole 
p..a,<:ur.iiij: qicncy clacis 2 platcd steel parts. 
h..i.iiig a hardiicm of lbckwell C10 or 
hii:her, shall be heated to 376" =k 26' F. for 
m l k  less ullru 3 hours after aU plating. Ports, 
IxUi hooiopcnwus a i d  carburized. nod as. 
ncw.llies thereof, whose W d n e a s  wiU b re- 
d m ~ !  tu lesrl than the apccifird minimum 
hiurciieaa if Iicnted iu t h i n  manner, shall he 
bhni at 27G' * 10" F. for not lev than 5 
h w r s  (see 0.2). Completely y L W  part 
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parts. the plated surfaces of which are  criti- 
cal in IatiKuc. bhh:! Le furnished without 
baking or shall be treated ~9 specified by the 
procuring agency. (See 6.3.) 

L3.5 Uiilcss othcrwise spccif.dl, class 1 
plating s h d l  be applied over a n  intermcdiate 
coaling of nickel or nickel over copper 
according to Fcderal Spccification QQ-N- 
230 Xiciwl Plating (Electrodeposited), or 
us qwil ied ir the invitation for bids. (See 
6.1.1.) 

3.4 Detail requirmncnta 

3.4.1 Thiclitlfss o/ plating. 

3.4.1.1 Class f.-L'nlcns otherwise epeci- 
ficd, the minimum plating thickncss shall be 
as rpccified on all vieible stirfuces which cnn 
be touched by a ball 0.76 inch in di:mcter. 
The minimum thicknew chnll be 0.00001 
inch. (See 6.1.1.1.) 

94 .13  Class 2.-The minimum or maxi- 
mum or rn,nge of thickness of the chromium 
coating shnll be 08 nrccifieil on the drawing 
or in the invitation for bids. or ahall be in 
nccordaiice with dcpartmcntal requirements 
(see section 7). The thickness requircment 
shal! apply a f tc r  all grinding operntions 
have been completed. 

312 Adhcswn.-The adhesion of the 
chromium plating and m y  undcrcoat(r) 
s l i~ l l  be : w h  tha t  when examiiicd at  a mag- 
nification of approximately 4 diameters. 
ncithcr thc chromium plating nor any elff- 
trodepwited undcrcoat(s) shall show scpa- 
rntiou from the bnsis metal or from each 
other a t  their common interface(&) when 
sui~jc.c:e;i to the test specified in 4.4.2. The 
interface between a plating end the bnsis 
metal is the surface of the h i s  mctal be- 
fore plating. The Ir~rmntion of crocks in the 
bruin nictal or p!ota which do not resi l t  iri 
flaking. pcelinp. or blivterlng of the plate 
shall not be coneiderd M nonconformance 

, 
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inch thick for  all other tea& These a m i -  
mens ahall be introduced into lot at rem- 
lur  intenale  prior to  the cleaning operations 
prelirninury to plating and shall not  bc 6epa- 
ratcrl therefrom ulrtil after com:htion of 1:. 
procrnving. Condiriow cffucting the pl:ttintl 
of the s1wcimer.s including the sprtcirig nnd 
positioning with respect to  anodes and to 

: correspond other objects king plated 
8s ncnr!j. ns pos$ible to t h  affcctirtg the 
sinnificant aurfnccH of the nrticles repre- 
setitcd. 

4,:I-Z Sciupli:ig procedure for zimnl  in- 
spcction and n u r i l c s t 1 7 r c t i r ~  trrrtr l o t  coal- 
hig Lhiclmzra.-A snmltle ahnll he selectcd 
from each inspcction hJt by tnking nt random 
from the lot the numbcr of articles indicated 
in t:rble I. 

The  lot ahall be accepted or  rejected accord- 
ing to the procedures in 4.3.2.1 and 4.3.2.2. 

I Accept.nce number 
Sumber of items visual JefEcts or 

Numbsr of Items In sample coaling thickncas 
in In7prctlon lal (takrn nl  r8ndom) (scparalrly) - 

15 or le%#----  _ _ _ _ _ _ _ _  *: 0 
16 to 40 _ _ _ _ _ _ _ _ _ _ _ _ _  i n  0 
4 1  to 110 _ _ _ _ _ _ _ _ _ _ _ _  15 0 

111 to 300 _ _ _ _ _ _ _ _ _ _ _  * 25 1 
301 In LOO ... _ _ _ _ _ _ _ _ _  55 I 

2 601 nnd over. ._______ ~ 50 I 

Acreplanre numb?? Rejwtlon n u m k  
vivunl defert- and (number of samplt 
costina thickness items nonranform. 

(combined)' ing to any ~ m l )  

0 1 
0 1 
0 1 
1 2 
1 2 
s 3 

* I f  Ihc numtwr c,f Ilrnir In the inspwtlon lot le l eu  than 7. thm n u m b r  of Ibmn In the M m p b  d d l  
h i d  the number of iwms In the inapetion lo; 
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,4.32.1 Vkual impecfion-The number of 

article8 indicated in table I shall be taken 
a1 rundom from the lot to be inspected and 
examined visually by the Government inspec- 
t,Jr and compared with the requirements of 

-2.2 afte. plating. If the number of non- 
c.mfurinii J iterne in any sample exceed8 the 
acrcptilnc,: number for tha t  sample. the lot 

vpreseiited by the sample ahsll be rejected. 

.:.~2:! Tiiickness (nutidestructire tesla). 
5'11:. number o f  items indicntcd in h b k  I 

u 1 ;  Le ~Zkcii a t  rimdoin from the lot to lie 
sl>-i:tcrl ailti thc ylatirig thicltncsa tllezsurcd 

' 8  >:,vcrol lociilione 011 e3c1: ikn i  where t h e  
'xtirig woul11 bc expcctcd l o  he minimum. 
'IC i!.em rrhnll bc considrrecl noncoriforming 

i uiir; ur niorc mclraiiremcriite fail t~ meet 
t l , ~  qtccificc! rrlinirnurn thiekne.w. If the num- 
I..Ar of nllnconforming items iii nny sample 
~..,VXI! Llie Hcreptailce number for that wm- 
I !v, ttu: lot represented by h e  sample shall 
IJI: rvjwtctl. 

Sqmrste npecimens shall 1101 be uaed for 
tliichnehy mmsuremcnts unlesa a need h b  
lieen demonetraled. 

&:I.;$ :;,I tii1iliti.q procedure f o r  adhcsion fcat 
L' $11 ilc.vlrtrcfir.c irala o j  coufi:ig :lc;cknrwi.- 
,* mtidoni ti;iniplc of four ibmn &hall be 
t l i (c i i  Zruni v;rch inalwction lot by l l ic CIIU- 
4 . iizm:iit inqwctor ur four eepratcl: plutfd 
.L . u ' i i i i i r i i s  shail bc prepared i i i  accordance 
1 : l i t  .:.2 IU rclirwe111 ~ a c h  irrspmtion lul. If 
11.u ncimbcr of itciiis in an irispwtioii lot is 
T..ur .ir less, the  number of itcms ia the 
r; imple slioll be determined by the procur- 
i .r w c r ~ y  or S)IUIJ h. left Lo the discretien 
I.! the iiispcctor. 

UAJ T/~ickmw (dcstrcrcfiue tests) .  - 
I.:tch irrticlt a:iull be k ? s ~  b ~ e v e ~ l  loco- 
?iG:ils 1st which the plating would & umted 
1: bi! i~iillimurn. If the plnting thicknebs at 
eilY JlLXe i3.4.1) on ally arlicle is ie.w than 
1 :  1: : ,wcifitld thicknw, the Int shall m- 
jde? , ,  

#1-'-72 Acflicoion.-The articles, if of suit 
@:h EIU? alii1 fOOrm, u6d Cur the thjelure~~e 
"':L dJ.3.1. m y  bo usfd UI npPcimecrr for 
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the adhesion tcsts. Failure of une or  more 
of the tcst spw$ncn!, :i),ell constitute failure 
of the l o t  

4.4 Trst method& 

4.4.l Tkichness. 

4.4.1.1 Thickness mc~surcn~ci:ls of clasi 1 
coating sliall be mndc *xliwcvcr crppli%bIe, 
by :he q d  te:;t inetliwl described in 4.1.1.3. 
i f  thc chrtmicni is jilnkd c w r  a metal wiiicli 
in:c:.it.rt:.. s i t h  the end point of the fipot te.G 
iiie !~iicliiiew niay be dcterniiiieii bx alteriia- 
t i v s  tests. such os a modified tipot test or 
*itrillpiny mclliida. Alt.crnn1ivc method:, siinll 
IIC siibjwt to the nlr~.ru:ul of the procuring 
:igcl;cy. 3icamreinents nii t l iwwkxi  articles 
such ai screws. nuts, b o l h  and other fnsten- 
cr3 shirll be nintle on the shank. or other 
smooth surfaces as clotle to the threoils us 
pussiblc. 

1.4.13 Thickneas measuremente of C ~ I I R S  2 
coating@ sha!l bu made by tha microscopic 
methode described herein, by instrument 
mcthvda approved by the nwcuring npencg. 
or by me:rrurements mnde at the same points 
Ibefore and af ter  plntirig with a micromctrr 
culiper or olhrr  riuiltible K I I ~ ~ .  >leasure- 
mrnln on lhrradcd cirticlcs nirch (IS screws. 
nut% halts nnd othw Iwteners dial1 be macle 
on the Rhnnk cr ntlier rmooth 8urfncea 3a 
close lo  the threads np possible. 

.. 

dJ.13 Spot fesl nicfkod. 

4.4.1-1.1 ZcurJci!f.-Rcapent Erntie hydro-  
chloric acid having n specific gravily of 
1.180 t 0.002 Crt G0'/60'F. 8hcll 1*: uscd. 
(This COrrc?iliulidS to I1.GN t 0.2X. wlrich 
mag LK: chwked by titration.) 

4.4.132 2'roccdrrc.-At each spot to be 
tested. the aurfacc ahd l  be c l c a n 4  by light 
rubbing witb a pate  uf pure mngneoiuni 
oxide and water, followd by rinsing mid 
drying. A t  each spot, afi aroa about 0.23 
inch (0.6 e a )  in dinmeter ah111 bc stir- 
ruunded by a  all riqz of wax. (A wax 
Deoeil mav be Iued.1 7 . b  utl& 8h.l) then 
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13.6 
13 
12.6 
12 
11.5 
11 
103 
10 
9.6 
8,6 
8 
7.6 
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45 IteteriLs.-Plnted articles which Iiavc 
beon RLJjected to the qmt Lcst. i i r i t l  articie? 
or Lou rejcctcd or withdrnwn LC.C;\IIPP 01 the 
presence of plating defecttl determined as the 
rrsult of nondcstrurtive tept-9, may hr? resut.- 
mitted after skipping nnd replatirig or tlfter 
screeiiing of the entire lot  Full  pirrticlliars 
concerning the replating shnll l r  furnished 
to, and approved by. the inspector or pro- 
curing agency. 

6. PREPAHATION FOR RELITEItV 

6.1 Thcre are on geiierd pncknglrig. pock- 
- 



pow, rnmples with bids nre necessary, they 
should be specifically asked for in the in-ita- 
Cion for bids. and the particular purpose to 
be wncd Iiy the bid sample should be defi- 
nitely statcd. tbe specification to apply in all 
othtr renpwb. 

6.7 Federal specifications do not include 
all typcs. clanses. grades. sizes. etc. of the 
commodities indicated by the titles of the 
8pwili.xtions. or which are commercialIy 
nvoilublc. but are intended to eover the types, 
etc.. which are suitahle for Federnl Govern- 
m e d  rquircments. 

Pacrnt Soticr: When government drawings. apc i -  
firations or other dab a n  u r d  for any purpose 
other than in conarclion mth a ddnitely nlated 
government prwuremcnt owrotion. t h  United 
States Gareminent thrrrby incuta no mpanaibilitr 
nor nny obligation whataocvcr; and the fUr th.t 
thc gowrnmmt may have formulated. f u m l l c d .  or 
in any way aupplied the Mid d n r i n m ,  spcifica- 
tiona. or other data. in not to ba mded by impli- 
u t i o a  or otbcrwise u in an9 manner licensing r)u 
holdrr or any other p e m n  or corporation. or mn- 
.ruing any righta or pCrmi.abn Lo nunufacturn 
me, or .rll any patented invention that m y  in  my 
r a y  be rehW thema. 

7. DEPARTMENTAL REQUIREMENTS 

7.1 The following departmental specifica- 
tions and other publications of the issues in 
elkct on the dote of invitation for bids, and 
special rcquirementa. shall form a part of 
this specification, and shall be applied to pur- 
chaser made under this specification by the 
respective departments. 

7 2  U. 5. Air Fom and Burau of A c m  
nauticu-The equipment and procenaea em- 
~losed to accomplish chromium plating a 
miuired t.y this specification shall be subject 
to the approval of an authoritcd Government 
inspector. 

7 1 1  Thickwse of d e p 0 a i t - W  w k n  
otherwise rpecified or when only a p m  fit 
is involved, the minimum thiehKlls for cbes 

put 
2 d~*ta r h l l  k .008 I& on *.+bhcd 

7 3  Naw. 

7A1 Applicable 

- Naru ~cpartment Specitfeofion: 
&nerd Specificntiom for In*peetlon 

of Bfaterial and Part A-Definitions and 
Testa of Appendix II Metale thereto, 
which is applicable for pmeuremmts for 
the Navy (except for the Bu?uU Of 
AerOnaUtiC8) In lieu of QQ-M-151. 
referred to in 2.1. 

(Capita o f  rgceilirations required b~ contmlon 
in connection with 8 p d k  prorurrmtnt fundiolu 
abould ba obtained from tha pmvrinr or U 
directed (& cootractin8 0lBf.r.) 

73.2 Inspeetion proecdures.&nerel in- 
spcction procedures ohnU be in oecord.nee 
with Navy Depnrtment General Sptdfiu- 
tions for Inspection of Material. Part A, 
Appendix 11. 

733 Bureau of Shipu.-Unless otherwise 
speeified, sampler taken by the Navy 1- 
tor wording  to the mmpiinp procedure 
specified herein may be forop.rded to 8 pov- 
ernment labratory for test for the deter- 
mination of costing thickness and adhcsion. 

Bureau of Ships and Etwcau of 
Otdnancc. Thkknesr o/ platiitg. rlms 1.- 
Unless otherwise specif.ed the minimum 
plating thickness shall be as specified on nll 
surfaces on which chromium is functionally 
necessary (for example: appearance, w a r .  
corrosion protection). The minimum thick- 
nem shnll be O.OOOO1 inch (see par. 6.1.1). 

795 Bureau o/ Ships and Bureau o/ 
Onlnancc.-Unkss otherwise specified. all 
phted articks, wch M rotating r h d b  tbs 
p k t e d  wrfacea of which are axpcctcd to 
rithst.Ild c y c k  stresscq shall have the sur- 
f- to be phtul, shobpeened prior to p k t  
lag .ad rhn not be baked .Iter phtinz. 

1.4 Amy u d  Nwy (Burnu af OrdnmCe 
-1. 

T A I  W b a D ~ c l U r l e a r t l n p r s h r l l  

7A4 
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In& and marlting requirements appllable to 
thi. spvification. 

6. Notea 

6 . :  Intended une. 

&!.I CIa.w l.-Clclas 1 plnting is appllcd 
as i. decowtire coating. usually over nickel 
or csipper and nickel undercontinas, or  basis 
met:.ls such as iron and steel, copper nnd 
coplw-bnse alloys nnd zinc and zinc-base 
diec:istings. 

6.1.1.1 Chromium platings 0.00005 Inch 
or more in  thickness nre likely to crnck nickel 
plnt,'ngs on hraw bnsi! metnl. The minimum 
thic' ~ i c w  of chrotniun~ should be obtained 
U I ~  r coriclitii,ris s u c h  t1i:it mtixiniutn thick- 
ncs5:s arc' IVSS thnn 0.00005 inch. 

6. 2 Clam 2.-Clns.s 2 plnting is npplied 
to parts for wenr resistance and such inci- 
denla1 corrosion protcctior! ns the specified 
thicvness of plnte may afford. For addi- 
tion.,l corrosion protection an undercoat of 
elw! rodeposited nickel in thicknesses of 
0.001 or 0.002 inch should be used on ferrous 
p a r b ;  the'minimum thickness is determined 
by tervice conditions. 

6 2  If coiisiderrd necessary, clnss 2 plntcd 
articles ahou!d be wlljected to  the *tresses 
imposed in service usage to assess the elTec- 
tivericss of the h k i n g  treatment (3.3.4). If 
nuch Is required, the mnximum amount of 
reduction i n  the mcnsured property. such as 
t r n r ; k  strenkrth, percent reduction nf area, 
pcrc :nt rlonwtion, ctc.. should br wpwi(ied. 

6.3 A serious reductlon In endurance lim- 
Ita of chronlium plutcd pnrta is attrlbutud 
to the churncteristlrs of tho chromium plate 
and it* rltntc of stress. In gcnernl, bnking 
an 1. .iicuted in acction 3.3.4 has beon found 
tc, further reduce the endurance limlts of 
ClSSh 2 chromium-plntcd pnrts. plutod from 
conv bntionsl nolutions in tho tcmpornturo 
rnnpe of 113. l o  140'F. Shot pconlnp prior 

8 . 
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to plating has been found to be e I ? d v e  in 
minimizing the reduction of endurance lim- 
Its due to the plating. 

6.4 Microecople method procedure-A 
suitable prwrdure for the microxopie deter- 
minntion of the thickne% of the chronilum 
rozting is ns follows. A test specimen COS- 

&:* of a cross section of a selected surface. 
One or more specimens are mounted in a 
plnstic material such a8 a phenolic or  
acrylnte resin. The specimen muet be held 
rigidly and in such n position thnt the sur- 
face to  be tested is perpendicular to  the flnt 
face that is  to be ground and polished. (A 
dciintion of IO' from normal introdures nn 
error uf about 2 pwccnt in thicknws.) The 
specimen may be mounted nt a known Hnglc 
to  obtain a grenter edectivc mapnificntion 
nnd the thickness mensurcd then eiirrwtrd 
for the angle. The mounted specimen is 
ground and polished using succosively finer 
abrasives. the lsst of which should not be less 
than GOO mesh. The polished surface 13 then 
etched with a suitable solution such as tht. 
following: 

Concentrated nitric acid (Sp gr 1.42) 2 ml. 
Ethyl alcohol 95:; 100 ml. 

The thickness may be mensum4 with an 
nccurntely calibrated dlar ocular micronicter, 
or the image may bo measured with an nccu- 
rate ruler on a ground-gloss focusing plnne 
of n metallographic microscope. 

6.5 OrderinR la ta .  - Purchasers shnuld 
npecify the t y p e  nnd class of plating required 
nnd should exerclse any desired options 
onered herein. (Sce 1.1. 1.2. 3.3.1. 3.32. 
3.3.3. 3.3.4, 3.3.6, 3.4.1, 4.1, 4.2 and 4 . 4 2  and 
section 7.) 

6.6 It IS bllevcd that thls speelAcatlan 
adquntcly describes the charaetcristlw nee- 
essnry to secure tha dealmd material. and 
that normally no mmplea wlll be nemaary 
prlor to  nward to detcrmlne compllance with 
thls spcciflcation. If, for ony particular pur- 
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h? applied over Intermediatt nickel or W W r  
81 d nickel coatings. Unlees otherwiee 8 W I -  
fh d, intermediate coat!ng2 of nlclcel or Cop 
p ' r  and nirkel coatings on Iron and ateel 
Sl,;dl bc as specified in Federal SpeeiflCation 
Q1.l-N-290, Nickel Plating (ElectrodePo* 
i 1 . d )  for the type desired, in hccordance 
w'1.h the following table. 

I 
- I Minimum Thicknens 

Tot.1 Find 
Copper and nickel nickel 

lnchea 

11 FS .00125 .0006 
111 K9 .00076 .MI04 

Trpr 

I us 0.0020 0.010 

!\' us ,0004 .0002 

._. -. 

- 
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ANODIC TRFATUENT OF ALUMINUM ALLOYS 
Chromic A c i d  P r o c e s s  

'I 
.. 

i .  . I .0PE:  

: . 1  Purgose: T h i s  s p e c i f i c a t i o n  e s t a b l i s h e s  t h e  e n g i n e e r i n g  r e q u i r e m e n t s  f o r  
prorlu-c<nq a n o d i c  c o a t i n g s  o n  aluminum a l l o y s  a n d  t h e  p roper t ies  of such 
r o n t i n q s .  

I . .  A p y l i c a t i o n :  _ _  To i n c r e a s e  c o r r o s i o n  r e s i s t a n c e  a n d  p r o v i d e  s u r f a c e s  w h i c h  
w ~ l l  ~ n s u r e  s a t i s f a c t o r y  a d h e r e n c e  o f  p a i n t  a n d  o t h e r  o r g a n i c  f i n i s h e s .  
T t ! i s  process is p r i m a r i l y  appl icable  t o  aluminum a n d  aluminum a l loy  par t s  
which d o  n o t  h a v e  nomina l  copper c o n t e n t  greater t h a n  50 or t o t a l  n o d n a l  
illoy c o n t e n t  q rea te r  t h a n  7 . 5 % .  
AMs 2472 is recommended w h e r e  a c o l o r e d  f i n i s h  i s  r e q u i r e d .  

C o a t i n g  may be dyed i f  s p e c i f i e d  but  

.J. APPLICABLE DOCUMENTS: The  f o l l o w i n g  p u b l i c a t i o n s  f o r m  a pa r t  o f  t h i s  
s p e c i f i c a t i o n  t o  t h e  e x t e n t  s p e c i f i e d  h e r e i n .  The l a t e s t  i s s u e  o f  Aerospace 
Material S p e c i f i c a t i o n s  (AHS)  s h a l l  a p p l y .  The appl icable  i ssue  o f  o t h e r  
d o c u m e n t s  s h a l l  be a s  s p e c i f i e d  i n  RnS 2350.  

2 .1  SAE P u b l i c a t i o n s :  A v a i l a b l e  from SAE, 4 0 0  Commonwealth D r i v e ,  W a r r e n d a l e .  
PA 15096 .  

2.1.1 Aerospace Mater ia l  S p e c i f i c a t i o n s :  

AtiS 2350 - S t a n d a r d s  a n d  T e s t  Me thods  
AMs 2468 - Hard C o a t i n q  T r e a t m e n t  of Aluminum A l l o y s  
AMS 2469 - P r o c e s s  a n d  P e r f o r m a n c e  R e q u i r e m e n t s  f o r  Hard C o a t i n g  Of 

AHS 4037 - Aluminum Alloy Sheet a n d  P l a t e ,  4.4Cu - 1.5Wg - 0.60Mn 
Aluninum A l l o y s  

( 2 0 2 4 ;  -T3 F l a t  S h e e t ,  -T351 P l a t e )  

2 .2  ASTU h b l i c a t i o n s :  Available f r o m  A m e r i c a n  S o c i e t y  for T e s t i n g  a n d  
Materials,  1916 Race Street ,  P h i l a d e l p h i a ,  PA 19103. 

ASTn R117 - S a l t  S p r a y  (Fog) T e s t i n g  
ASlU 8 1 3 7  - Measurement  of W e i g h t  of C o a t i n g  o n  A n o d i c a l l y  Coated A l u m i n U  

SAE Technical Board Hula provide that: "This repon is publirhsd by SA€ to & m e  the nata of technical and 
englner'fing rlencn. The use 01 this repon ir entirelvvoluntary. md iu ~plk.bi l i tv .nd auitabilily fo ranvwt icu l~ r  
W. including m y  patent infringement arising therefrom. is the o l e  r-risibility 01 the ut.r." 

...:-.-. :_ I I c I 
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1 .  I 3.5. _- ~ o v ~ r n n : z n t  . .- P u b l i c d t i o n s :  ~ v a i l ~ b ~ e  from Commanding o f f i c e r  e N a v a l  

P u b l i c d t l u n s  dnd Forms C e n t e r ,  5801 ~ ~ b o r  Avenue ,  P h i l a d e l p h i a .  PA 19120. 

' . I .  1 !.ILl&t.iry Stand&: 

i2h1:.-bTP7Y4 - P a r t s  and Equipment ,  p r o c e d u r e s  fo r  Packaging  and  Pack ing  of 

\ 821:HN . I L ' A L  -~ REQUI R E M E N S :  

1 .  1 ; o l u t l i m s :  

. % . l . t  E l e c t r o l y t e :  s h a l l  be an  aqueous  s o l u t i o n  of t e c h n i c a l  g r a d e  chromic a c i d  
( 9 9 . 5 3  min CrOj)  of s u i t a b l e  c o n c e n t r a t i o n .  
.;elution of t h e  e q u i v a l e n t  of 0.2 g o f  N a C l  per  l i t r e  or a s u l f a t e  c o n t e n t  
e q u i v a l e n t  t o  0 .5  g of H 2 S 0 4  per l i t r e  may r e s u l t  i n  U n s a t i s f a c t o r Y  
o p r a t ~ o n  of t h e  p r o c e s s .  
r ange  91° - 99OF ( 3 3 '  - 37OC). 

A c h l o r i d e  c o n t e n t  i n  t h e  

The  s o l u t i o n  s h a l l  be m a i n t a i n e d  w i t h i n  t h e  

r.i.2 &: 

, . 1 . 3  S e a l e r :  Except  a s  spec i f ied  i n  3.1.3.1 and 3 .1 .3 .2 ,  t h e  s e a l e r  s h a l l  be 

S h a l l  be a s  r e q u i r e d  to  p roduce  t h e  s p e c i f i e d  c o l o r .  

water  (See 8 .2 .9)  m a i n t a i n e d  a t  170° - 210'P (75O - 100OC). The pH V a l u e  
s h a l l  n o t  exceed  6 .8 .  

- 
Chromic a c i d  may be used  to  m a i n t a i n  a c i d i t y .  

3.1.3.1 A s o d i u m  d i ch romate  s e a l i n g  s o l u t i o n  is a c c e p t a b l e  when approved  by 
p u r c h a s e r .  

3 . 1 . 1 . 2  I f  t h e  a n o d i c  c o a t i n g  i s  to b e  used  to p r e v e n t  s u b s e q u e n t  h a r d  c o a t i n g  
of c e r t a i n  a r e a s  ( i . e . ,  c o a t i n g  i n  a c c o r d a n c e  w i t h  AMs 2468 Or 
AMS 2 4 6 9 ) ,  a n i c k e l  a c e t a t e  s e a l i n g  s o l u t i o n  may be used  when p e r m i t t e d  
by p u r c h a s e r .  

3 .2  P rocedure :  

3 .2 .1  P r e p a r a t i o n :  A l l  h e a t  t r e a t m e n t ,  mach in ing ,  fo rming ,  b r a z i n g ,  we ld ing ,  
and p e r f o r a t i n g  o p e r a t i o n s  s h a l l ,  i n s o f a r  a s  p r a c t i c a b l e ,  be comple ted  
b e f o r e  P a r t s  a c e  a n o d i z e d ,  u n l e s s  o t h e r w i s e  s p e c i f i e d .  

3.2.2 C lean ing :  P a r t s ,  p r i o r  to b e i n g  coated, s h a l l  have  c lean  s u r f a c e s ,  f r e e  
f rom Water b r e a k s .  prepared w i t h  minimum abrasion, erosion, or  p i t t i n g .  
C l e a n i n g  by a p r o c e s s  g i v i n g  a s l i g h t l y  e t c h e d  s u r f a c e  is d e s i r a b l e .  

3.2.3 Coat in¶ :  The c l e a n e d  p a r t s  s h a l l  b e  made t h e  anode i n  t h e  e l ec t ro ly t e  
c o n t a i n e d  i n  a s u i t a b l e  metal t a n k  which may a l s o  s e r v e  a s  t h e  c a t h o d e .  
Direct c u r r e n t  s h a l l  b e  a p p l i e d  and t h e  v o l t a g e  r a i s e d  to  40 V and h e l d  
f o r  20 - 60 m i n u t e s .  A r a t e  o f  i n c r e a s e  of 8 v per min. is recommended 
b u t  IS n o t  a r e q u i r e m e n t .  
t o t a l  silicon p l u s  copper o f  7 . 5 0  OK more,  s h a l l  b e  t reated €OK n o t  less 
t h a n  20 min. a s  r e q u i r e d  to p roduce  a t  least  600 v o l t - m i n u t e s .  
c o n d i t i o n s  of time, t e m p e r a t u r e ,  and  v o l t a g e  may b e  used  vhen approved .  
R f t e r  a n o d i z i n g .  a l l  p a r t s  s h a l l  be r i n s e d  t h o r o u g h l y  i n  c o l d ,  runn ing  tap  

A l l o y s  c o n t a i n i n g  n o t  o v e r  5 9  copper, w i t h  

Other  

W a t e r .  -._. . 
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. .i izx?ltl>: Pdrt : i  s h a l l  be  dyed ,  when r e q u i r e d ,  t o  t h e  c o l o r  speci€ied. by 
The t e m p e r a t u r e  of t h e  s o l u t i o n  

necessary to  produce  t h e  s p e c i f i e d  
 ith her t h e  p a i t s  or solution s h a l l  be a g i t a t e d  d u r i n g  immersion. 

wed P a r t s  s h a l l  

i , i ~ v ~ c o i n q  i n  a p p r o p r i a t e  dye so lu t ion .  
t 1 1 . i  ~: : . c  t i c e  u t  immersion s h a l l  be 

C.C, :VL.  

t i ;', i i  1 t h e n  be r i n sed  i n  c o l d ,  runn ing  t a p  wa te r .  
.' I t  b e 1  . .ddled i n  sodium dichromate  s o l u t i o n .  

, . .  . . d ' J l l 2 :  P d r t S  h h a l l  be immersed i n  t h e  sealer s o l u t i o n  f o r  n o t  less t h a n  
:I: m i n .  +,t a t e m p e r a t u r e  n o t  l o v e r  t h a n  17OOF (75Oc).  OK f o r  n o t  less t h a n  
1 .  :'sin. d t  a t e m p e r a t u r e  n o t  lower t h a n  2OO0P (9OOC). The r i n s e  s h o u l d  b e  
1s thorough a s  p r a c t i c a b l e  b u t  s l i g h t  chromic  a c i d  s t a i n s  a r e  n o t  
c i inh ld r red  o b j e c t i o n a b l e .  

1 . 1  ~ r o p e r t i e s :  Coated  p a r t s  s h a l l  conform t o  t h e  f o l l o w i n g  r e q u i r e m e n t s :  

I .  i . L  <o&nq Weiqh t :  
p d r t s  which a r e  n o t  to be dyed and n o t  less t h a n  500 mg p e r  S q  f t  
( 5  g/mZ) on  p a r t s  which a r e  to  be dyed.  
de te rmined  i n  acco rdance  wi th  ASTM 8137 on  p a r t s  or spec imens  a s  i n  4.3.1 
w h i c h  have been anodized  and r i n s e d  b u t  n o t  dyed  o r  s e a l e d .  

S h a l l  be n o t  less t h a n  200 mg per sq f t  (2 g/m2) On 

C o a t i n g  we igh t  s h a l l  be 

J . j . l . 1  1 t  s m a l l  p a r t s ,  such  a s  r i v e t s  and machine s c r e w s ,  a re  anod ized  i n  b u l k  
i n  a c o n t a i n e r ,  t h e  s p e c i f i e d  c o a t i n g  w e i g h t  s h a l l  a p p l y  to n o t  less 
than  75% of t h e  p a r t s  t r e a t e d  t o g e t h e r ,  d e t e r m i n e d  by random sampl ing ,  
b u t  i n  no c a s e  s h a l l  any part s h o w  uncoa ted  a r e a s  e x c e p t  a t  c o n t a c t  
p o i n t s .  

3 . 3 . 2  C o r r o s i o n  Res i s t ance :  

3.3.2.1  or c o n t r o l  pu rposes ,  samples  a s  i n  4.3.2 o f  AMs 4037 aluminum a l l o y  
s h e e t  t r e a t e d  i n  acco rdance  w i t h  3.2 s h r l l  w i t h s t a n d  e x p o s u r e  f o r  336 hr  
to s a l t  s p r a y  w i t h o u t  showing more t h a n  a t o t a l  o f  1 5  s c a t t e r e d  Spots Or 
p i t s ,  none l a r g e r  t h a n  1/32 i n .  (1 mm) i n  d i a m e t e r ,  i n  a t o t a l  o f  150 Sq 

i n .  
more t h a n  5 s c a t t e r e d  spots o r  p i t s ,  none l a r g e r  t h a n  1/32 i n .  (1 mm) i n  
d i a m e t e r ,  i n  a t o t a l  of 30 sq i n .  (200  cm2) from o n e  or more test 
p i e c e s ,  e x c e p t  t h o s e  a r e a s  w i t h i n  1/16 i n .  (2 mm) from i d e n t i f i c a t i o n  
markings and a t  e l e c t r o d e  c o n t a c t  marks r ema in ing  a f t e r  p r o c e s s i n g .  
S a l t  s p r a y  c o r r o s i o n  tests s h a l l  be c o n d u c t e d  i n  a c c o r d a n c e  w i t h  
A S l M  8117 e x c e p t  t h a t  t h e  s i g n i f i c a n t  s u r f a c e  s h a l l  be i n c l i n e d  
approx ima te ly  6 deg from t h e  v e r t i c a l .  

(1000 c m 2 )  of t es t  a r e a  grouped  from f i v e  OK more t es t  pieces, Or 

3.3.2.2 P a r t s  t h a t  a r e  anod ized  and n o t  s u b s e q u e n t l y  p a i n t e d  shall w i t h s t a n d  
exposure  f o r  336 hr  t o  s a l t  s p r a y  test conduc ted  i n  accordance w i t h  
AS" 8117 w i t h o u t  showing w r e  t h a n  a few s c a t t e r e d  c o r r o s i o n  p i t s  
v i s i b l e  w i t h o u t  m a g n i f i c a t i o n .  

3.3.2.2.1 C o r r o s i o n  r e s i s t a n c e  t es t  is n o t  r e q u i r e d  when p a r t s ,  t r e a t e d  i n  
acco rdance  w i t h  3.2, a r e  s u b s e q u e n t l y  t o  b e  p a i n t e d .  
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1.4  QUdl l ty :  Anodic c o a t i n g  s h a l l  be c o n t i n u o u s ,  smoth, a d h e r e n t ,  and  Uniform 
I n  apw-arance  and  s h a l l  be f r e e  from powdery a r e a s ,  loose f i l m s ,  
d l s L w n t l n u i t i e s ,  such  a s  b r e a k s  or s c r a t c h e s ,  e x c e p t  a t  C o n t a c t  p o i n t s .  OK 
. , t h c r  ddinayr o r  i m p e r f e c t i o n s  d e t r i m e n t a l  t o  appea rance  o r  to per fo rmance  O f  
t h e  m a t i n g .  
- . h ~ r ~ t e r i s t i c  ye l low c o l o r .  

P a r t s  s e a l e d  i n  s o d i u m  d i ch romate  s o l u t i o n  may have  t h e  

' 4 .  >,JAI.ITY ASSURAKE PROVISIONS: 
i i  

:: 4 . 1  R e s p o n s i b i l i t y  for I n s p e c t i o n :  The c o a t i n g  vendor  s h a l l  s u p p l y  a l l  samples ' 3 tests.  R e s u l t s  of such tests s h a l l  be r e p o r t e d  t o  t h e  p u r c h a s e r  a s  r e q u i r e d  
t o r  v e n d o r ' s  tests and s h a l l  be r e s p o n s i b l e  f o r  pe r fo rming  a l l  r e q u i r e d  

by 4 . 5 .  Purchase r  r e s e r v e s  t h e  r i g h t  t o  sample  and t o  pe r fo rm any 
c o n f i r m a t o r y  t e s t i n g  deemed n e c e s s a r y  to e n s u r e  t h a t  p r o c e s s i n g  confo rms  t O  
t h e  r e q u i r e m e n t s  o f  t h i s  s p e c i f i c a t i o n .  

I 
'I ' 4.2 C l a s s i f i c a t i o n  of T e s t s :  

4 . 2 . 2  
B 

4 . 2 . 3  
B 

Acceptance Tes t s :  
c o a t i n g  we igh t  ( 3 . 3 . 1 ) .  q u a l i t y  ( 3 . 4 ) .  and c o l o r  i f  specified, a r e  
c l a s s i f i e d  a s  a c c e p t a n c e  tests and s h a l l  be per formed o n  each lo t .  

P e r i o d i c  T e s t s :  T e s t 6  to d e t e r m i n e  conformance  to r e q u i r e m e n t s  f o r  
c o r r o s i o n  r e s i s t a n c e  of r e p r e s e n t a t i v e  p a r t s  and  s e p a r a t e  p a n e l s  ( 3 . 3 . 2 )  
and o f  c l e a n i n g  and p r o c e s s i n g  s o l u t i o n s  to e n s u r e  t h a t  t h e  a n o d i c  c o a t i n g  
w i l l  conform to t h e  r e q u i r e m e n t s  o f  t h i s  s p e c i f i c a t i o n  a r e  c l a s s i f i e d  a s  
p e r i o d i c  tests and ,  e x c e p t  a s  s p e c i f i e d  i n  4 . 3 . 2  and 4 . 3 . 3 ,  s h a l l  b e  
per formed a t  a f r equency  s e l e c t e d  by t h e  vendor  u n l e s s  f r e q u e n c y  o f  
t e s t i n g  is specified by p u r c h a s e r .  

. T e a t s  to d e t e r m i n e  conformance  to r e q u i r e m e n t s  for  

P r e p r o d u c t i o n  T e s t s :  T e s t s  to d e t e r m i n e  conformance  t o  a l l  t e c h n i c a l  
r e q u i r e m e n t s  of t h i s  s p e c i f i c a t i o n  a r e  c l a s s i f i e d  a s  p r e p r o d u c t i o n  tests 
and s h a l l  be  per formed p r i o r  to o r  on t h e  i n i t i a l  sh ipmen t  of p r o c e s s e d  
p a r t s  to a p u r c h a s e r ,  when a change  i n  mater ia l  o r  p r o c e s s i n g ,  or b o t h ,  
r e q u i r e s  r e a p p r o v a l  a s  i n  4 . 4 . 2 ,  and when p u r c h a s e r  deems c o n f i r m a t o r y  
t e s t i n g  t o  b e  r e q u i r e d .  

< 

4 . 2 . 3 . 1  For d i r e c t  U.S.  M i l i t a r y  p rocuremen t ,  s u b s t a n t i a t i n g  test d a t a  a n d ,  when 
B r e q u e s t e d ,  p r e p r o d u c t i o n  test mater ia l  s h a l l  be s u b m i t t e d  to t h e  

c o g n i z a n t  agency  a s  d i r e c t e d  by t h e  p r o c u r i n g  a c t i v i t y ,  t h e  c o n t r a c t i n g  
o f f i c e r  , or  t h e  r e q u e s t  f o r  procurement .  

4 . 3  Samplinq: S h a l l  be n o t  less  t h a n  t h e  f o l l o w i n g ;  a lo t  s h a l l  be  a l l  p a r t s  Of  

B t h e  same p a r t  number p r o c e s s e d  i n  a c o n t i n u o u s  series o f  o p e i a t i o n s  and 
p r e s e n t e d  f o r  v e n d o r ' s  i n s p e c t i o n  a t  o n e  time: 

p1 
I 

O " 4 V  
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' .  ~ ' m ~ a t 1 ? 3 . h ~ : ~ :  ~ ~~. Shall be determined on representative pacts when size and 
'P , ' r r P i t  Bccurate determination of surface area. I f  parts are of such 

. a > * .  lncl  shdpe that surface area cannot be determined readily, Coating 
- ' . % . ? ! . +  d*.t~rninations shall be made on separate test specimens 
~ d,:' ~. 0.063 in. (0.6 - 1.6 mm) thick and not less than 3 X 3 in. 

' )  X I - ,  m) In lenqth and width made of any alloy of the same class as 
!Wrt.? rrpresented, as follows: 

' .  I.', 1. Alloys of Aluminum Association designations 1100. 3003, 3004. 
5 0 5 2 ,  6053, 6061, 6063, and all alclad alloys. 

All wrought alloys not'listed as Class 1 and all casting alloys. I'la:;. 2 .  

1 
i' 
i 

6 . 4 . : . 1  Separate specimens, i E  used, shall be processed with the work they 
rt.present. 

1 .  /..I ('orrosion Resistance: Shall be determined at least monthly on 
~ __- 

k !  rt.prenentative parts and on separate panels 0.025 - 0.063 in. 
(0.6 - 1.6 mm) thick and not less than 3 x 10 in. I 7 5  x 250 mm) in width 
. ~ d  Imqth. 

4 . i . 3  Process SOlution Control: Shall be performed at least weekly. 
$ 

4.4 AJprOVdl: 

4.4.1 Sample coated parts and panels shall be approved by purchaser before parts 

purchaser. Results of tests on production parts and panels shall be 
essentially equivalent to those on the approved sample parts and panels. 

0 for production use are supplied, unless such approval be waived by 

4.4.2 Vendor shall use manufacturing procedures, processes, and methods of 
fl inspection on production pacts which are essentially the same as those 

used on the approved sample pacts. I f  necessary to make any change in 
type of equipment OK in established composition limits an0 operating 
conditions of process solutions, vendor shall submit for reapproval of the 
process a statement of the proposed changes in processing and, when 
requested, sample coated parts, test panels, OK both, Production parts 
coated by the revised procedure shall not be shipped prior to receipt of 
reapproval. 

4 . 5  RepOctS: The vendor of coated parts shall furnish with each shipnent three 
B ' copies of a report stating that the parts have been processed and tested in 

accordance with the requirements of this specification and that they conform 
to the acceptance test requirements. This report shall include the purchase 
order number, AMs 2470H, part number, and quantity. 



' , . , I :  /., ,.) ::[, .,: . ; [ J ~ . ~ . J : , , . - I  , ' , * A  i n  the above tests - .I 

. . . .  ,I. I , j  , u l r . . . . r x t . ,  jl:,:..d: : t ~ . . i :  of  the parts may be 
, .  8 ,  + : , I ' r t s d i t  ,cvi 11 l . - r t  ,, or specimens for each 

. .  , , , #  , ,  , v  ;l.~,.s.l.:~LP. P ~ I I . ~ ,  inf any re.test Part Or 
t I-. .. I ,.,.I r $ . , , . ~ i ~ c ~ ~ w n t c  nhdl: he cause for rejection Of 

: ' J -  .. t . - p t a , l  l l t d  t l t b  dt lr l i t  1snd1 testinq r;hall be permitted. Results 
' ' .:r!*ll 28,. r ' . , " , r ~ " l i .  

I C !  D k : L I ' n F L Y :  

, , .  .., :;hdll hc, h.rnd1rd and psckaqed in such a manner as will ensure 
, , ,. ;.y~alr~d pbysirdl characteristics and properties of the coating are ... .!. 
i .  t coated part. shall be prepared €OK shipment in accordance with 

I , _  p r ~ t i c e  and in compliance with applicable rules and regulations 
.I' v . 7  t u  the handling, packaging, and transportation of the parts to 

I , i r r i r r  Acceptance and safe delivery. Packaging shall conform to 
3 ,  , L ~ P R  and requlations applicable to the mode of transportation. 

Iii.rt L . S .  Military procurement, packaging shall be in accordance with 
' , - ! . ' . L ) - 7 7 4 ,  Level A or Level C, as specified in the request for 
I < ' ~ r t . m e n t .  Commercial packaging as in 5.1 and 5 . 2  will be acceptable if 
. *  iwi-t.. the requirements of Level C. 

. .I~l(I1t'~NL.(L['ffiMENT: A vendor shall mention this specification number and its 
~ ' ~ l - l o n  letter in all quotations and when acknowledging purchase orders. 

~. hl..IE€TIONS: Parts on which the coating does not conform to this 
:wcification or to mcdifications authorized by purchaser will be subject to 
r~jection. 

R .  NOTES: __ 

8 . 1  Marginal Indicia: The phi ( 8 )  symbol is used to indicate technical 
changes from the previous issue of this specification. 

8 . 2  Precautions: 

8 . 2 . 1  Surfaces to be painted should be handled with care after anodizing to 
prevent rupture of the film and contamination by dirt or oil. Painting 
should be performed as soon after treatment as practicable. 

8 . 2 . 2  Good, tight electrical contact should be maintained during the anodic 
treatment to prevent burning of parts but small irregularities of coating 
at points of electrical contact will be permitted. 

Anodizing baths should be provided with an exhaust system as a ptotection 
for operators and prevention of corrosion of metal equipment in the 
vicinity. 

8 . 2 . 3  
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8 . 2 . 4  Subassemblies may be anodized provided the surfaces which are exposed 
after complete assembly are anodized. Surfaces exposed to fuels, intake 
air. and Coolants should not be machined after anodizing but Surfaces 
Continually protected by oil films may be machined after anodizing. 

8 . 2 . 5  Anodic films have high electrical resistance. Aluminum parts, therefore, 
which are to be used for electrical bonding and radio shielding should 
have the anodic film removed at any area of electrical contact. 

8 . 2 . 6  Aluminum parts which contain inserts of other metals should be properly 
masked during anodizing to seal off the non-aluminum material. 

8 . 2 . 7  Hooks or racks should have anodic film removed from the contact prior to 
reuse. . 

8 . 2 . 8  Alloys containing over 5% nominal copper content or over 7.58 napinal 
total alloy content may be treated by this process but may require special 
conditions such as agitation and cooling of the solution. 

8 . 2 . 9  Deionized or distilled water may be necessary for the sealer SOlUtiOn Of 
3.1.3 and elsewhere vhere local tap water contains appreciable dissolved 
mineral matter. 

8 . 3  

0 . 4  

8.5 

For direct U.S.  Military procurement, purchase documents should specify not 
less than the following: 

Title, number, and date of this specification 
Part number of parts to be coated 
Quantity of parts to be coated 
Applicable level of packaging (See 5.3) 

Similar Specifications: MIL-A-8625, Type I, is listed for information only 
and shall not be construed as an acceDtable alternate unless all 
requirements of this A W  are met. 

Processes meeting the requirements of this specification, have been 
classified under Federal Standardization Area Symbol .MF€V. 

This specification is under the jurisdiction of Ac(s Committee -8.. 

I, 
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ANODIC TREATMENT OF ALUMINUM ALLOYS 
S u l f u r i c  Acid Proc 'ess ,  Undyed Coating 

1. SCOPE: 

1.1 Purpose: T h i s  s p e c i f i c a t i o n  e s t a b l i s h e s  t h e  engineer ing  requirements  for  
producing undyed anodic c o a t i n g s  o n  aluminum a l l o y s  and t h e  p r o p e r t i e s  Of 

such coa t ings .  

- 

1 . 2  Applicat ion:  To i n c r e a s e  cor ros ion  resistance on aluminum a l l o y  p a r t s  and 
t o  provide s u r f a c e s  which w i l l  e n s u r e  s a t i s f a c t o r y  adherence of p a i n t  and 
o t h e r  organic  f i n i s h e s .  
should be s p e c i f i e d .  
j o i n t s  or r e c e s s e s  i n  w h i c h  t h e  anodiz ing  s o l u t i o n  may be r e t a i n e d .  

For c o a t i n g s  t o  be c o l o r e d  by dyeing,  AMS 2472 
This  process  is not  s u i t a b l e  f o r  p a r t s  which c o n t a i n  

2 .  APPLICABLE DOCUKENTS: The  fol lowing p u b l i c a t i o n s  form a par t  of t h i s  
s p e c i f i c a t i o n  t o  t h e  e x t e n t  s p e c i f i e d  h e r e i n .  
Mater ia l  S p e c i f i c a t i o n s  (AMs)  s h a l l  apply .  The a p p l i c a b l e  i s s u e  of o t h e r  
d o c u m e n t s  s h a l l  be a s  s p e c i f i e d  i n  AMs 2350. 

The l a t e s t  i s s u e  of Aerospace 

2 . 1  SAE Publ ica t ions :  Avai lable  from SAE, 400 Commonwealth Drive,  Warrendale, 
P A  15096. 

2 . 1 . 1  Aerospace Mater ia l  S p e c i f i c a t i o n s :  

AMS 2350 - Standards and T e s t  Methods 
AMs 4037 - Aluminum Alloy Sheet  and P l a t e ,  4.4Cu - 1.5Hg - 0.60Wn 

(2024: -T3 F l a t  Sheet ,  -T351 P l a t e )  

2 .2  ASTM Publ ica t ions :  Avai lable  €ran American S o c i e t y  f o r  T e s t i n g  and 
Mater ia l s ,  1916 Face S t r e e t ,  Phi lade lphia .  PA 19103. 

ASTM 8 1 1 7  - S a l t  Spray (Fog) T e s t i n g  
ASR(  8137 - Measurement of Weight  of Coat ing  on Anodical ly  Coated 

Aluminum 

2.3 U.S. Government Publ ica t ions :  A v a i l a b l e  frm Commanding Officer. Nava 
P u b l i c a t i o n s  and Porms Center,  5801 Tabor Avenue, P h i l a d e l p h i a ,  PA 19120. 

SAE Technical Board Rules provide that: "This report is published by SA€ to advance the state of tahnkal ad 
enginwring science% The use of this repon is entirely voluntary. and itsapplicability andm~it&~ilily for any p.rtuular 
use. including any patent infringement arising therefrom, is the (010 responsibility of the usor." 0 

Copyityht lLJq4 
All rights reserved. 

Society of Automotive Engineen, Inc. -.;...A i" 1 I c A 



AMS 24710 

2 . 3 . 1  M i l i t a r y  S t a n d a r d s :  

MIL-STW794 - P a r t s  and Equipment,  P r o c e d u r e s  f o r  Packaging  and  Pack ing  Of  

3.  TECHNICAL REQUIREMENTS: 

3 . 1  S o l u t i o n s :  

3 . 1 . 1  E l e c t r o l y t e :  S h a l l  be an aqueous  s o l u t i o n  of s u l f u r i c  a c i d  Of  s u i t a b l e  
c o n c e n t r a t i o n  (nominal  c o n c e n t r a t i o n  is 159' by w e i g h t ) .  
s o l u t i o n  s h a l l  be  rpa in ta ined  a t  a s e l e c t e d  temperature w i t h i n  t h e  r a n g e  
64O - 75OF (lao - 2 4 ° C ) ;  t h e  s e l e c t e d  t e m p e r a t u r e  s h a l l  be m a i n t a i n e d  
w i t h i n  +2OF (+lot). 

The a n o d i z i n g  

3 . 1 . 2  u: S h a l l  be  an  aqueous  s o l u t i o n  c o n t a i n i n g  5 - 60 by  w e i g h t  Of 
sodium o r  po ta s s ium d ich romate .  
a t  a pH of 4.5 - 6.0 and a t e m p e r a t u r e  of 190° - 2 1 0 ° P  (85'  - 100°C).  
Adjus tments  i n  t h e  pH of t h e  s o l u t i o n  s h a l l  be  made by a d d i t i o n  o f  ch romic  
a c i d .  

T h e  sealer s o l u t i o n  s h a l l  b e  m a i n t a i n e d  

3 . 2  Procedure :  

3 . 2 . 1  

3 . 2 . 2  

3 . 2 . 3  

3 . 2 . 4  

P r e p a r a t i o n :  A l l  h e a t  t r e a t m e n t ,  mach in ing ,  fo rming ,  b r a z i n g ,  w e l d i n g ,  
and p e r f o r a t i n g  o p e r a t i o n s  s h a l l ,  i n s o f a r  as p r a c t i c a b l e ,  be comple t ed  
b e f o r e  p a r t s  a r e  a n o d i z e d ,  u n l e s s  otherwise specified. 

Clean ing :  
from wa te r -b reaks ,  p r e p a r e d  w i t h  minimum a b r a s i o n ,  e r o s i o n ,  o r  p i t t i n g .  
C l e a n i n g  by a p r o c e s s  g i v i n g  a s l i g h t l y  e t c h e d  s u r f a c e  is d e s i r a b l e .  

Coa t ing :  
c o n t a i n e d  i n  a s u i t a b l e  t a n k  which ,  i f  made o f  a metal r e s i s t a n t  t o  t h e  
e l e c t r o l y t e  OK i f  l i n e d  w i t h  l e a d ,  may a l so  s e r v e  a s  t h e  c a t h o d e .  Direct  
c u r r e n t  s h a l l  b e  a p p l i e d  a s  r e q u i r e d  to p roduce  a n  anode  c u r r e n t  d e n s i t y  
of 10 - 15 amp pe r  sq f t  (110 - 160 A / m * ) ,  f o r  15 - 30 min. to p roduce  
a n  a n o d i c  c o a t i n g  confo rming  to t h e  r e q u i r e m e n t s  o f  3 . 3 .  Other  c o n d i t i o n s  
of t i m e ,  t e m p e r a t u r e ,  and  amperage  may b e  used  when approved by  
p u r c h a s e r .  A f t e r  a n o d i z i n g ,  a l l  par ts  s h a l l  b e  r i n s e d  t h o r o u g h l y  i n  cold. 
runn ing  t a p  w a t e r .  

Sealing.: P a r t s  s h a l l  b e  immersed i n  t h e  sealer s o l u t i o n  f o r  n o t  less t h a n  
20 minutes .  After .  s e a l i n g ,  a l l  p a r t s  s h a l l  b e  r i n s e d  t h o r o u g h l y  i n  C l e a n ,  
c o l d ,  r u n n i n g  t a p  water, r i n s e d  i n  c l e a n  h o t  w a t e r ,  and  d r i e d .  

P a r t s ,  p r i o r  to b e i n g  coated, s h a l l  have  c l e a n  s u r f a c e s ,  f r e e  

The c l e a n e d  p a r t s  s h a l l  be made t h e  anode  i n  t h e  e l e c t r o l y t e  

3 . 3  P r o p e r t i e s :  Coated p a r t s  s h a l l  con fo rm t o  t h e  f o l l o w i n g  requirements: 

3 . 3 . 1  C o a t i n g  Weight:  S h a l l  be n o t  less t h a n  600 mg per sq f t  16.5 g/m2). 
C o a t i n g  w e i g h t  s h a l l  be d e t e r m i n e d  i n  a c c o r d a n c e  w i t h  ASlW 8137 o n  p a r t s  
or spec imens  a s  i n  4 .3 .1  which h a v e  been  anodized and r i n s e d  b u t  n o t  
sealed. 

2 
OH5 9 
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3.3.1.1 I f  small  par t s ,  s u c h  a s  r i v e t s  and machine screws, a re  anod ized  i n  b u l k  
i n  a c o n t a i n e r ,  t h e  s p e c i f i e d  c o a t i n g  weight  s h a l l  a p p l y  to  n o t  less 
than  75% of  t h e  p a r t s  anodized  t o g e t h e r ,  de t e rmined  by random Sampling,  
b u t  i n  n o  c a s e  s h a l l  any p a r t  show uncoated  a r e a s  e x c e p t  a t  c o n t a c t  
p o i n t s .  

3 . 3 . 2  C o r r o s i o n  Resistance: 

3 .3 .2 .1  For c o n t r o l  pu rposes ,  samples  of AMs 4037 aluminum a l loy  s h e e t ,  t reated 
i n  acco rdance  w i t h  3 .2 ,  s h a l l  w i t h s t a n d  exposure  f o r  336 h r  to S a l t  
s p r a y  w i t h o u t  showing more than  a t o t a l  o f  15 s c a t t e r e d  spots o r  p i t s ,  
none l a r  e r  t han  1/32 i n .  (1 nun) i n  d i a m e t e r ,  i n  a t o t a l  o f  150 Sq i n .  

t h a n  5 s c a t t e r e d  spots o r  p i t s ,  none l a r g e r  t h a n  1/32 in .  (I m) i n  
d i a m e t e r ,  i n  a t o t a l  o f  30 sq i n .  
pieces, e x c e p t  t h o s e  areas w i t h i n  1/16 in .  ( 2  mm) f rom i d e n t i f i c a t i o n  
markings and a t  e l e c t r o d e  c o n t a c t  m a r k s  r ema in ing  a f t e r  p r o c e s s i n g .  
S a l t ' s p r a y  c o r r o s i o n  tests s h a l l  be conduc ted  i n  a c c o r d a n c e  w i t h  
A S W  B117 except t h a t  t h e  s i g n i f i c a n t  s u r f a c e  s h a l l  be i n c l i n e d  
approx ima te ly  6 deg from t h e  v e r t i c a l .  

(1000 c m  s ) of  t e s t  a r e a  grouped from f i v e ' o r  more t e s t  pieces, o r  more 

(200 Cm2) from one  o r  more test 

3 .3 .2 .2  p a r t s  t h a t  a r e  anodized  and n o t  s u b s e q u e n t l y  p a i n t e d  s h a l l  w i t h s t a n d  
exposure  f o r  336 hr to s a l t  s p r a y  t e s t  conduc ted  i n  a c c o r d a n c e  w i t h  
A S W  8117 w i t h o u t  showing more t h a n  a few s c a t t e r e d  c o r r o s i o n  p i t s  
v i s i b l e  w i t h o u t  m a g n i f i c a t i o n .  

3 .3 .2 .2 .1  C o r r o s i o n  test is n o t  r e q u i r e d  when p a r t s ,  t r e a t e d  i n  a c c o r d a n c e  w i t h  
3 .2 ,  a r e  s u b s e q u e n t l y  to b e  p a i n t e d .  

3.4 Quality:  Anodic c o a t i n g  s h a l l  b e  c o n t i n u o u s ,  smooth,  a d h e r e n t ,  a n d  un i fo rm 
i n  appea rance  and s h a l l  b e  f r e e  from powdery areas, loose films, 
d i s c o n t i n u i t i e s  such as  b r e a k s  o r  s c r a t c h e s ,  except a t  c o n t a c t  p o i n t s ,  or 
other damage o r  i m p e r f e c t i o n s  d e t r i m e n t a l  to a p p e a r a n c e  or to per formance  o f  
t h e  c o a t i n g .  

4 .  QUALITY ASSURANCE PROVISIONS: 

4 . 1  R e s p o n s i b i l i t y  f o r  I n s p e c t i o n :  The c o a t i n g  vendor  s h a l l  s u p p l y  a l l  
0 samples  f o r  vendor ' s  tes ts  and  s h a l l  be r e s p o n s i b l e  f o r  p e r f o r m i n g  a l l  

r e q u i r e d  tests. 
r e q u i r e d  by 4 . 5 .  Purchase r  r e s e r v e s  t h e  r i g h t  to sample and to pe r fo rm any  
c o n f i r m a t o r y  t e s t i n g  deemed n e c e s s a r y  to e n s u r e  t h a t  p r o c e s s i n g  conforms to 
t h e  r e q u i r e m e n t s  o f  this s p e c i f i c a t i o n .  

R e s u l t s  o f  such  tests s h a l l  b e  reported to t h e  p u r c h a s e r  as 

4 . 2  C l a s s i f i c a t i o n  of Tests: 

4 . 2 . 1  Acceptance Tests: T e s t s  to determine conformance  to requirements f o r  
0 m t i n g  w e i g h t  (3.3.1) and q u a l i t y  ( 3 . 4 )  are c l a s s i f i e d  a8 acceptanca 

tests and s h a l l  b e  per formed on  e a c h  lo t ,  
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4 . 2 . 2  P e r i o d i c  T e s t s :  T e s t s  to determine conformance to requirements f o r  

0 Corrosion r e s i s t a n c e  of representative p a r t s  and Separate  pane ls  (3.3.2) 
and O f  c l e a n i n g  and processing s o l u t i o n s  t o  e n s u r e  t h a t  t h e  anodic Coating 
W i l l  conform to the  requirements of t h i s  s p e c i f i c a t i o n  a r e  c l a s s i f i e d  as 
p e r i o d i c  tests and, except  a s  s p e c i f i e d  i n  4 . 3 . 2  and 4 . 3 . 3 ,  s h a l l  be 
performed a t  a frequency s e l e c t e d  by t h e  vendor u n l e s s  frequency O f  
t e r t i n g  is specified by purchaser.  

4 . 2 . 3  Preproduct ion Tests:  Tes ts  to  determine conformance to a l l  t e c h n i c a l  
0 requirements  of t h i s  s p e c i f i c a t i o n  a r e  c l a s s i f i e d  a s  preproduct ion tests 

and s h a l l  be  performed p r i o r  t o  o r  on t h e  i n i t i a l  shipment O f  processed 
p a r t s  to  a purchaser ,  when a change i n  m a t e r i a l  Or process ing ,  Or b o t h ,  
r e q u i r e s  reapproval a s  i n  4 . 4 . 2 ,  and when purchaser deems C o n f i r M t o r y  
t e s t i n g  to be requi red .  

4 . 2 . 3 . 1  
0 

 or direct  U.S. M i l i t a r y  procurement, s u b s t a n t i a t i n g  t e s t  d a t a  and,  when 
reques ted ,  preproduction test  m a t e r i a l  s h a l l  be submit ted to  t h e  
cognizant  agency a s  d i r e c t e d  by t h e  procuring a c t i v i t y ,  t h e  c o n t r a c t i n g  
o f f i c e r ,  OK t h e  reques t  for procurement. 

4 . 3  Samplinq: S h a l l  be n o t  less than t h e  f o l l w i n g ;  a lo t  s h a l l  b e  a l l  p a r t s  of 
0 t h e  same p a r t  number processed i n  a c o n t i n u o u s  s e r i e s  of o p e r a t i o n s  and 

presented f o r  vendor‘s inspec t ion  a t  o n e  time: 

4 . 3 . 1  Coating Weight: S h a l l  be determined o n  r e p r e s e n t a t i v e  p a r t s  when s i z e  and 
shape permit a c c u r a t e  de te rmina t ion  of s u r f a c e  a r e a .  I f  p a r t s  a r e  Of such 
s i z e  and shape t h a t  s u r f a c e  a r e a  cannot  be determined r e a d i l y ,  c o a t i n g  
weight de te rmina t ions  s h a l l  be made o n  separate tes t  specimens 
0 . 0 2 5  - 0 . 0 6 3  i n .  (0 .6  - 1.6 m m )  th ick  and n o t  less than 3 x 3 i n .  
( 7 5  x 7 5  mm) i n  length and width made of any a l l o y  of t h e  same c l a s s  a s  
t h e  p a r t s  represented ,  as fol lows:  

c l a s s  1. Alloys of A l u m i n u m  Assoc ia t ion  d e s i g n a t i o n s  1100,  3003, 3004, 
5 0 5 2 ,  6 0 5 3 ,  6061, 6 0 6 3 ,  and a l l  a l c l a d  a l l o y s .  

C l a s s  2.  A l l  wrought a l l o y s  n o t  l ’ i s ted  a s  C l a s s  1 and a l l  c a s t i n g  a l l o y s .  

4 . 3 . 1 . 1  Separa te  specimens, i f  used, s h a l l  be  processed wi th  t h e  work they 
r e p r e s e n t .  

4 . 3 . 2  Corrosion Resis tance:  S h a l l  be  determined a t  least monthly on 
0 r e p r e s e n t a t i v e  p a r t s  and on s e p a r a t e  p a n e l s  0.025 - 0.063 i n .  

(0 .6  - 1.6 mm) t h i c k  and n o t  less  t h a n  3 x 10 i n .  ( 7 5  x 250 mm) i n  width 
and length .  

4 . 3 . 3  Process  S o l u t i o n  C o n t r o l :  S h a l l  be perkormed a t  least weekly. 
0 

4.4  Approval: 
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4 . 4 - 1  
0 

Sample coated parts and panels shall be approved by purchaser before Parts 
for production use are supplied, unless such approval be waived by 
purchaser. 
essentially equivalent to those on the approved sample parts and panels. 

Vendor shall use manufacturing procedures, processes, and methods Of 
inspection on production parts which are essentially the same as those 
used on the approved sample parts. If  necessary to make any change in 
type of equipment or in established composition limits and operating 
condltions of process solutions, vendor shall submit for reapproval Of the 
process a statement of the proposed changes in processing and, when 
requested, sample coated parts, test panels, or both. 
coated by the revised procedure shall not be shipped prior to receipt Of 
reapproval. 

Results of tests on production parts and panels shall be 

4 . 4 . 2  

Production parts 

4.5 Reports: The vendor of coated parts shall furnish with each shipment three 
copies of a report stating that the parts have been processed and tested in 
accordance with the requirements of this specification and that they Conform 
to the acceptance test requirements. This repoit shall include the purchase 
order number, AMS 2471D,  part number, and quantity. 

0 

4.6 Resampling and Retesting: I f  any part or  specimen used in the above tests 
0 fails to meet the specified requirements, disposition of the parts may be 

based on the results of testing three additional parts or specimens for each 
original nonconforming part or specimen. Failure of any retest part,Or 
specimen to meet the specified requirements shall be cause for rejection of 
the parts represented and no additional testing shall be permitted. Results 
of all tests shall be reported. 

5. PREPARATI3N FOR DELIVERY: 

5.1 Coated parts shall be handled and packaged in such a manner as will ensure 
0 that the required physical characteristics and properties of the coating are 

preserved. 

5.2 Packages Of coated parts shall be prepared for shipment in accordance with 
0 commercial practice and in compliance with applicable rules and regulations 

pertaining to the handling, packaging, and transportation of the parts to 
ensure carrier acceptance and safe delivery. 
carrier rules and regulations applicable to the mode of transportation. 

Packaging shall conform to 

5.3 For direct U.S. Military procurement, packaging shall be in accordance vith 
0 MIL-STD-794, Level A or Level C, as specified in the request for 

Procurement. Conmercial packaging as in 5.1 and 5.2 will be acceptable if 
i t  meets the requirements of Level c. 

6 -  ACKNOWLEDWma" A vendor shall mention this specification number and i t s  
revision letter i,n all quotations and vhen acknavledging purchase orders. 
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7- REJECTIONS: P a r t S  o n  w h i c h  t h e  c o a t i n g  does n o t  Conform t o  t h i s  

Specif icat ion o r  t o  modifications a u t h o r i z e d  by pu rchase r  w i l l  be s u b j e c t  to 
r e ~ e c t i o n .  

8 .  NOTES: 

8 . 1  Marg ina l  I n d i c i a :  T h e  p h i  ( 0 )  symbol is used t o  i n d i c a t e  t e c h n i c a l  

- 

c h a n g e s  from t h e  p r e v i o u s  i s sue  o f  t h i s  s p e c i f i c a t i o n .  

8 . 2  P r e c a u t i o n s :  

8 . 2 . 1  

8 . 2 . 2  

8.213 

8.2.4 

8 . 2 . 5  

8 . 2 . 6  

8 . 2 . 7  

8 .2 .8  

8 .2 .9  

S u r t a c e s  to be p a i n t e d  shou ld  be  hand led  w i t h  c a r e  a f t e r  a n o d i z i n g  t O  
p r e v e n t  r u p t u r e  of t h e  f i l m  and c o n t a m i n a t i o n  by d i r t  o r  o i l .  
s h o u l d  b e  performed a s  s m n  a f t e r  t r e a t m e n t  a s  p r a c t i c a b l e .  

Good, t i g h t  e l e c t r i c a l  c o n t a c t  s h o u l d  be  m a i n t a i n e d  d l ; r ing  t h e  a n o d i c  
t r e a t m e n t  to p r e v e n t  bu rn ing  of p a r t s  b u t  small i r r e g u l a r i t i e s  of C o a t i n g  
a t  p o i n t s  o f  e l e c t r i c a l  contact w i l l  be p e r m i t t e d .  

Anodizing b a t h s  shou ld  be p r o v i d e d  w i t h  a n  e x h a u s t  sys t em a s  a p r o t e c t i o n  
for o p e r a t o r s  and p r e v e n t i o n  of c o r r o s i o n  o f  metal equipment  i n  t h e  
v i c i n i t y .  

Subassembl i e s  may be anod ized  p r o v i d e d  t h e  s u r f a c e s  which a r e  exposed  
a f t e r  comple t e  assembly a r e  a n o d i z e d .  S u r f a c e s  exposed  to f u e l s ,  i n t a k e  
a i r ,  and coolants  shou ld  n o t  be machined a f t e r  a n o d i z i n g  b u t  s u r f a c e s  
c o n t i n u a l l y  p r o t e c t e d  by  o i l  f i l m s  may be  machined a f t e r  a n o d i z i n g .  

Anodic f i l m s  have  h igh  e lectr ical  r e s i s t a n c e .  Aluminum p a r t s ,  t h e r e f o r e ,  
which a r e  t o  b e  used f o r  e l e c t r i c a l  bonding  and  radio s h i e l d i n g  shou ld  
have t h e  a n o d i c  f i l m  removed a t  a n y  a r e a  o f  e lectr ical  c o n t a c t .  

A l u m i n u m  p a r t s  w h i c h  c o n t a i n  i n s e r t s  of o t h e r  metals s h o u l d  b e  p r o p e r l y  
masked d u r i n g  a n o d i z i n g  to s e a l  o f f  t h e  non-aluminum mater ia l .  

Hooks or racks s h o u l d  have  a n o d i c  f i l m  removed from t h e  c o n t a c t  areas 
p r i o r  t o  r e u s e .  

A l l o y s  c o n t a i n i n g  o v e r  5 %  nominal  copper c o n t e n t  or  over 7 .5% nominal  
t o t a l  a l l o y  c o n t e n t  may b e  t r e a t e d  by t h i s  process b u t  may require  special 
c o n d i t i o n s  such  a s  a g i t a t i o n  and cool ing  of t h e  s o l u t i o n .  

Deionized  or d i s t i l l e d  water may b e  n e c e s s a r y  for t h e  s ea l e r  s o l u t i o n  o f  
3.1 .2  and elsewhere where  l oca l  t a p  water c o n t a i n s  a p p r e c i a b l e  d i s s o l v e d  
m i n e r a l  matter.  

P a i n t i n g  

O P S P  
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8 . 3  

a . 4  

8 . 5  

For  direct U.S. Military procurement, purchase documents should Specify not 
less than the following: 

Title. number, and date of this specification 
Part numher of parts to be coated 
Quantity of parts to be coated 
Applicable level of packaging (See 5.3) 

Similar Specifications: UIL-A-8625, Type 11, Class 1, iS listed for 
information only and shall' not be construed as an acceptable alternate 
unless all requirements of this AMs are met. 

Processes meeting the requirements of this specification have been 
classified under Federal Standardization Area Symbol "FFP". 

This specification is under the jurisdiction of AnS Conrmittea .B.. 



Encl: (1) List of Personnel Visiting NAVAIREWORKFAC Norfolk on 
8 Apr 87 

1. Reference (a) is a site visit request to electroplating and 
anodizing facilities identified as emitters of chromium to the 
atmosphere. 
Facility is to tour the chromium electroplating lines and to gather 
background information about the mesh pad mist eliminator. 
information will be used to determine rule making regarding 
chromium emissions, under hazardous air pollutants, Section 112 of 
the Clean Air Act. 

2. Request visit clearance for U.S. EPA, Midwest Research 

activity briefing/site inspection scheduled for 8 April 1987. 
Security information is provided in enc.losure (1). 

The purpose of the visit to the Naval Air Rework 

This 

F M  Institute (U.S. EPA contractor) and LANTNAVFACENGCOM personnel for - 

.-. I 
i 

- p,/&& 
J. R. BAILEY' 
By direction 

COP. 10 Copy to: U.S. Environmental Protectlon Agency, art. ice or Air -q 
Quality Planning and Standards, RTP, NC 27711, Attn: 
A1 VerVaert, Industrial Studies Branch, ESED 

Commander 
Frm: I Atlantic Division 

. 
Naval Facilities Engineering Command 
Norfolk, VA 23511-6287 

C- AUDRESS REPLY AS 
SHOWN AT LEFT: OR. RE- 
PLY HEREON AND RETURN 
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~ LIST OF PERSONNEL VISITING NAVSHIPYD NORFOLK ON 8 APRIL 1987 

1. Name: A1 Vervaert 

SSN: 016-34-9617 
DOB: 02-01-46 
POB: Lowell, MA 

Environmental Engineer 

Representing: 

U . S .  EPA 
Emission Standards and Engineering Division 
Industrial Studies Branch 
Office of Air Quality Planning and Standards 
RTP, NC 27711 
(919) 541-5603 

2. Name: Randy Strait 
Environmental Engineer 

SSN: 274-44-8778 
DOB: 12-03-55 
POB: Montpelier, OH 

Representing: 

(U.S. EPA Contract No. 68-02-3817) 
Midwest Research Institute 
(919) 781-5750 

3.  Name: Subroto Mitro 
Environmental Engineer 
(Already on file at NAVSHIPYD Norfolk) 

SSN: 392-64-5625 
DOB: 07-13-47 
POB: Calcutta, India 
Citizenship Status: U.S., Madison, Wisconsin, May 1978 

Representing: LANTNAVFACENGCOM, 445-2934 





Naval Speed le t te r  
DO N o r  CLEAR r m o u w  
COMMUNICAnONS OFFICE 

0 3.ZCI.L DCLI"T.. I 6280 1141SM 445-2934 

Command e r 
Norfolk Naval Shipyard 
Portsmouth, VA 23709-5000 

L 

. 

I 
FW .,."0..* .. ,..."C., L I D  .ISLO."..,. Ir .*.i 11.1 . l o  ,,C".,".. - 

Subj: U.S. EPA VISIT TO GATHER INFORMATION UNDER AUTHORITY 
SECTION 114, CLEAN AIR ACT (42 USC 7414) 

Ref: (a) U.S. EPA ltr of 18 Mar 87 
( b )  PHONCON NAVSHIPYD Norfolk (Will Din)/LANTNAVFACENGCOM 

( S .  Mitro) of 26 Mar 87 

List of Personnel Visiting NAVSHIPYD Norfolk on 8 Apr 87 Encl: 

1. Reference (a) is a site visit request to electroplating and 
anodizing facilities identified as emitters of chromium to the 
atmosphere. The purpose of the visit to the Norfolk Naval Shipyard 
is to tour the hard chromium electroplating line 65 in Building 195 
and to gather background information about the mesh pad mist 
eliminator. This information will be used to determine rule making 
regarding chromium emissions, under hazardous air pollutants, 
Section 112 of the Clean Air Act. 

2. Request visit clearance for U.S. EPA, Midwest Research 
Institute (U.S. EPA contractor) and LANTNAVFACENGCOM personnel for 
activity briefing/site inspection scheduled for 8 April 1987. 
Security information is provided in enclosure (1). 

(1) 

- FW 

m. 
J. R. AILEY J 
By direction 

- 
Copy to: U.S.  Environmental Protection Agency, Office of Air A 

s0-v 10 

Quality Planning and Standards, RTP, NC 27711, Attn: - 
A1 VerVaert, Industrial Studies Branch, ESED 

Commander . 
From: 

Atlantic Division 
Naval Facilities Engineering Command 
Norfolk, VA 23511-6287 

C- ADDRESS REPLY AS 
SHOWN AT LEFT, OR. RE. 
PLY HEREON AND RETURN 

CL.S3,,,C.,IO* 
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LIST OF PERSONNEL VISITING NAVAIREWORKFAC NORFOLK ON 8 APRIL 1987 

1. Name: A1 Vervaert 

SSN: 016-34-9617 
DOB: 02-01-46 
POB: Lowell, MA 

Environmental Engineer 

Representing: 

U.S. EPA 
Emission Standards and Engineering Division 
Industrial Studies Branch 
Office of Air Quality Planning and Standards 
RTP, NC 27711 
(919) 541-5603 

2. Name: Randy Strait 
Environmental Engineer 

SSN: 274-44-8770 
DOB: 12-03-55 
POB: Montpelier, OH 

Representing: 

(U.S. EPA Contract No. 68-02-3817) 
Midwest Research Institute 
(919) 781-5750 

3. Name: Subroto Mitro 
Environmental Engineer 

SSN: 392-64-5625 
DOB: 07-13-47 
POB: Calcutta, India 
Citizenship Status: U.S., Madison, Wisconsin, May 1978 

Representing: LANTNAVFACENGCOM, 445-2934 

Encl (1) 
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NAVAL A I R  REWORK FACILITY 
NAVAL A I R  STATION 

NORFOLK, V I R G I N I A  23511 

Code NARF-342 
Date: 14 April 1969 
Page 1 of 1 4  

TITLE: Anodizing Local Process Process Specification m/+@ 
IDENTIFICATION/CLASSIFICATION: Local PrOCeSS SpeCifiCatiOn*/NO 463 

SUBJ: Anodizing of aluminum; process f o r  

I/ J%l& '. 
REF: ( ) LPs/No 458 

b) LPS/NO 342/JM& 
(c) Mili tary Specification MIL-A-8625 
(d) LPS/NO 446 

ENCL: (1) Rack Design Detail  
(2) Anodizing Pretreatment Work Flow 
(3) Type I Anodizing Work Flow 
( 4 )  Type I1 Anodizing Work Flow 
(5) Type I11 Anodizing Work Flow 

1. PURPOSE: TO provide Local instruct ions for  the application of anodic 
coatings on aluminum and aluminum alloys.  

J Y W ~  
J 2 .  CANCELLATION: References (a )  and (b) are cancelled and superseded 

. 

F 
.x 

by t h i s  instruct ion.  d 

3. BACKGROUND INFORMATION: This ins t ruc t ion  i s  intended t o  provide local  
procedures for  the removal and application of anodic coatings on a l d n u m  
al loys.  
reference ( 4 )  Types I ,  11, and 111 ( a l l  c lasses) .  

4. APPLICATION: This ins t ruc t ion  s h a l l  apply to  the'formation of anodic 
coatings on a l l  aluminum and aluminum al loys whenever such coatings a re  
required bv applicable instruct ions.  

5. 

Coatings produced by these procedures w i l l  meet the requirements of 

SPECIAL TOOLS AND TEST EQUIPMENT: 

5 .1  Anodizing Tanks: . 

5.1.1 Type I tanks s h a l l  be manufactured from unlined mild steel. The 
tank may be used as the cathode; however, insulat ing bumpers w i l l  be required 
t o  prevent accidental  shorting of work pieces. 
mild s t e e l  w i l l  be required for  temperature control along with a mild 
ag i ta t ion  system, clean air or  paddle type. 

i 
.--s-+ 

Heating/cwling co i l s  of 
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5.1.2 
v i n y l  ch lo r ide ,  polypropylene or other s u i t a b l e  p l a s t i c  material compatible 
with 25% s u 2 f u r i c  a c i d  a t  t h e  s p e c i f i e d  temperatures .  
vigorous a g i t a t i o n  are requi red  f o r  both types.  
provided the  a i r  suppl ied  is f r e e  of a l l  contamination. 

Type I1 and I11 tanks s h a l l  be  con t ruc ted  from o r  l i n e d  with poly- 

Ref r ige ra t ion  and 
Air a g i t a t i o n  is acceptable, 

5.2 Power Sources: 

5.2.1 Type I and I1 tanks s h a l l  be  suppl ied  wi th  a d i r e c t  c u r r e n t  source 
capable of supplying 0-40 vol ts  a t  an amperage c o n s i s t e n t  with t h e  workload 
requirements.  
Automatic con t ro l s ,  i f  suppl ied ,  s h a l l  be  capable  of maintaining any 
reasonable  cu r ren t  densi ty/vol tage required.  

5.2.2 Type I11 tanks  s h a l l  have a power source  capable of supplying 0-80 
v o l t s  a t  amperage c o n s i s t e n t  with workload requirements.  Voltage s h a l l  
be i n f i n i t e l y  variable between 0-80 volts. Automatic c o n t r o l s ,  if suppl ied ,  
s h a l l  be  capable o f  maintaining any reasonable  c u r r e n t  densi ty/vol tage 
requi red .  

Voltage s h a l l  be i n f i n i t e l y  v a r i a b l e  between 0-40 volts.  

I 

6. SPECIAL MATERIALS: 

6 .1  EX-43 Stop off lacquer  (white)  and No. 548 Reducer a v a i l a b l e  f r o m  
F i d e l i t y  Chemical Products Co. ,  470 Frelinghuesen Ave., Newark, N e w  J e r sey .  

.. 6.2 D i p  Pak No. 661 Maskant, ava i l ab le  from above source.  

2 

6.3 Dye materials ( C l a s s  2 c o a t i n g s ) ,  a v a i l a b l e  from Sandoz Chemical 
Works, Inc . ,  61-63 Van Dorn S t r e e t ,  New York 13 ,  New York. The below 
dye materials w i l l  be requi red :  

Sandoz Gold (EA) 

Sandoz Red (A) 

Sand02 Green (AEN) 

Sandok Blue (B) 

Sand02 Black (OA) 
;--. 

7. EFFECTIVE DATE: 16 A p r i l  1969 



8.1.1 lsrp e I Anodizing Solution (dhromic acid) 

.i ! 8.1.1.1 Preparation: 
Recommended 

Formulation 9 e r a t i n g  Condition 

! 

Chromium "trioxide, Federal 
Specification 0-C-303, 
Type I1 10 av.oz./gal. 

Water balance 

Temperature 95f30F forLClass 1, 
1 3 0 i 3 9  f o r  
C l a s s  2 

. !  Agitation desirable  
I' 

Total chromic acid 10-15 av oz/gal 

Free chromic acid 

PH 

Cathodes 

5 - 8 av oz/gal 

0.4 - 0.7 

mild s t e e l  (tank 
o r  e lectrodes)  

F i l l  the anodizing tank t o  3/4 of the f i n a l  volume with water. 
required amount of chromic acid and completely dissolve. F i l l  t o  the 
operating leve l  with water and adjust  the bath t o  the required temperature. 

8.1.1.2 Maintenance: Maintain the solut ion level  by adding water a s  
required. Remove f loa t ing  material  and l o s t  par ts  from the tank. Periodic 
disposit ion of up t o  3/4 of the solut ion w i l l  be required when the aluminum 

Add the 

I content becanes excessive. Materials Engineering Division w i l l  provide 
I appropriate instruct ions as required. 

1 8.1.2 Typ e I1 Anodizing Solution ( su l fu r i c  ac id) :  

8.1.2.1 Preparation: 
I 

! 
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mcar Process %ecif icat ion/NO 463 -- _ _ - _  _ - _ _ _ - _ _ _ _ - _ - - - - _ - - - - - - - - - -  
I Recommended :....:..A _. ..'hi- :: '' ::,.; ,..,- , .'.... . , . .. ,. r- .:. 

Formulation Operating Conditions 
S u l f u r i c  Acid, Federal  Spec i f i ca t ion  
0-S-808, Type I, C l a s s  1 1 2  f l  oz/gal 

Water balance 

Temperature 70f30F 

Cathodes lead  

Agi ta t ion  

S u l f u r i c  ac id  concentrat ion 
a s  H+Oq 

Aluminum concentrat ion,  
as A 1  

Required 
(Clean a i r  acceptab le)  

17-27 av  oz/gal  
(22  nominal) 

3 av oz/gal, ( m a )  

F i l l  the anodizing tank t o  approximately 2/3 of  the  f i n a l  volume with 
water  and cool  t o  6O-7O0F. Gradually,  and with vigorous a g i t a t i o n  of 
t h e  ba th ,  add the  required amount of s u l f u r i c  ac id .  
must be l e f t  on to  car ry  o f f  the  hea t  t h a t  is generated and t o  prevent  
spa t t e r ing .  After  a l l  of t h e  ac id  has been added, f i l l  the  bath t o  t h e  
opera t ing  l e v e l  wi th  water. Cool t h e  ba th  t o  the spec i f i ed  temperature 
before  operat ion.  

8.1.2.2 Maintain t h e  s o l u t i o n  l e v e l  by adding water as required.  Remove 
f l o a t i n g  material  and lost parts from the tank. 
of 3/4 of  the  so lu t ion  will be requi red  when the  aluminum content  
becomes excessive.  The Mater ia l s  Engineering Divis ion w i l l  provide 
appropr ia te  maintenance i n s t r u c t i o n s  when such a c t i o n s  become necessary.  

8.1.3 lyp e I11 Hard Anodizing Solu t ion  ( S u l f u r i c ) :  

8.1.3.1 Preparation: 

The r e f r i g e r a t i o n  
- 

Per iodic  d i s p s t i o n  
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Recommended 

Formulation Operating Conditons 

Sulfur ic  acid,  Federal Specification 
0-S-808 Type I, Class 1 21.4 f l  oz/gal 

Water Balance 

Temperature 30i2OF 

Agitation Required, vigorous 
( a i r  or paddle) 

Cathodes Le ad 

Sulfur ic  acid concentration 
as H2S04 

22 - 50 av oz/gal 
(40 n m i n a l )  

Aluminum, as  A 1  3.0 av oz/gal (max) 

F i l l  the  anodizing tank t o  approximately 2/3 of the f i n a l  volume with 
water and cool t o  34-409. 
bath, add the required amount of s u l f u r i c  acid. 
be l e f t  on to  carry off the heat t h a t  is generated and t o  prevent spat ter ing.  
After a l r o f  the acid has  been added, f i l l  the bath t o  the operating level  
w i t h  water. 

8.1.3.2 
f loa t ing  material  and l o s t  pa r t s  from t h e  tank. 
3/4 of the s o l u t i o n  w i l l  be required when the aluminum content becomes 
excessive. 
maintenance instruct ions when such act ions become necessary. 

Gradually, and w i t h  vigorous ag i ta t ion  of the 
The re f r igera t ion  must 

Cool the bath t o  the specif ied temperature before operation. 

Remove Maintain the solution leve l  by adding water as required. 
Periodic dispostion of 

The Materials Engineering Division w i l l  provide appropriate 

8.1.4 Deoxidizing Solution: 

8.1.4.1 Preparation: 

Formulation 

Phosphoric acid,  Federal Specification 0-0-670, 
Class 1 (85%) 5.0 f l  oz/gal 

i Chromium Trioxide, Federal Specification 
0-C-303, Pype I1 3.0 av oz/gal 

Water Balance 

Temperature 180°F 
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8.1.4.2 Maintenance: As t he  s o l u t i o n  ages ,  t h e  s t r i p p i n g  rate w i l l  
decrease.  Additions of phosphoric a c i d  may be made i n  increments of 
5 fl oz/gal u n t i l  up t o  10 ounces per ga l lon  have been added. 
f u r t h e r  maintenance is requi red ,  d r a i n ,  c lean  t h e  tank ,  and prepare a 
new so lu t ion .  

If 

8.1.5 Alka l ine  Cleaning Solut ion:  

8.1.5.1 Prepara t ion :  

Formulation 

Metal c l eane r ,  Spec i f i ca t ion  MIL-M-7752 5 av oz/gal  

Water Balance 

Temperature 180-2120F 

8.1.5.2 Maintenance: Maintain the  ope ra t ing  l e v e l  with water. F loa t ing  
res idues  such as o i l s ,  e t c .  s h a l l  be  removed by skimming or overflowing 
the  tank to  ca r ry  off such wastes. When the c leaning  capac i ty  i s  
diminished t h e  tank s h a l l  be discharged and a new s o l u t i o n  prepared. 

8.1.6 Dye So lu t ions ,  Class 2 (Types I ,  11, and 111) 

8.1.6.1 Prepara t ion :  (Operation temperature for a l l  dyes s h a l l  be  
150t5OF) 

Formulations 

Dye Material gm/liter or av oz/gal pH 

Sandoz Gold (EA) 2.0 0.268 7.0 

Sandoz Red (A)  2.0 0.268 6.0 

Sandoz Green (AEN) 2.0 0.268 6.0 

Sandoz Blue (B)  2.0 0.268 7.0 

sandoz Black (OA) 10.0 1.340 6.0 

Thoroughly d i s so lve  the  dye m a t e r i a l  i n  approximately 1 /4  t h e  f i n a l  volume 
of water .  F i l l  t o  volume with water and a d j u s t  t h e  p H  t o  t h e  requi red  
value.  
Lower the  p H  by slow add i t ions  of d i l u t e  a c e t i c  a c i d .  

Raise t h e  p H  by slow add i t ions  of d i l u t e  ammonium hydroxide. 
(. . 
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8.1.62 Maintenance: Maintain t h e  dye so lu t ions  by checking and ad jus t ing  
t h e  pH da i ly .  O i l s ,  t r a s h ,  and o t h e r  contaminants mus t  be kept  o u t  of 
these so lu t ions .  The use of covers i s  highly recommended. When t h e  
so lu t ions  become contaminated or inope ra t ive  a t  the r equ i r ed  p H ,  they 
s h a l l  be discarded and new s o l u t i o n s  prepared. 

8.1.7 Sea l ing  Solu t ion ,  Types I, 11, and I11 C l a s s  1: 

8.1.7.1 Preparat ion:  

Recommended 
Formulation Operat ing Condition 

Sodium dichromate, 
Federal  Spec i f i ca t ion  0-S-595 6 av oz/gal 5 - 8 a v  oz/gal 

Water Balance 

PH 5.0 - 6.5 
Temperature 200 - 212OF 

NOTE: Sodium Hydroxide, Fed Spec 0-S-598 Type I and 
Chromic a c i d ,  Fed Spec 0-C-303 Type I1 w i l l  be 
required f o r  p H  adjustment as required.  

F i l l  the tank 3/4 f u l l  o f  water and warm t o  approximately 100°F. 
Thoroughly d i s so lve  t h e  requi red  amount of sodium dichromate and f i l l  t o  
the  f i n a l  volume wi th  water.  Make adjustments as r equ i r ed  using sodium 
hydroxide so lu t ion  t o  r a i s e  the  p H  and chromic ac id  s o l u t i o n  t o  lower 
t h e  p H .  

8.1.7.2 Maintenance: Maintain the  s o l u t i o n  l e v e l  by adding water. 
Remove f l o a t i n g  material and l o s t  par t s  from t h e  tank. O i l s  and o the r  
contaminants w i l l  r ap id ly  render the s o l u t i o n  i n e f f e c t i v e .  
ad jus t  t h e  pH as requi red .  Mater ia ls  Engineering Divis ion w i l l  provide 
o the r  maintenance i n s t r u c t i o n s  as  requi red .  

8.1.8 Sea l ing  Solu t ion ,  Typ e I, 11, and I11 C l a s s  2: 

8.1.8.1 Preparat ion:  

Check and 

r 
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I 
Recommended 

Formulation Operating Conditions 
Nickel acetate, Federal  Spec i f i ca t ion  

~ 

0-C-265 or s u i t a b l e  tech.  grades 0.67 av oz/gal.. .5-1.0 av  oz/gal 

0-B-581 

PH 

Temperature 

NOTE: 

Boric ac id .  Federal  S p e c i f i c a t i o n  
0.67 av  oz/gal  .5-1.0 a v  oz/gal 

5.3 - 5.5 
190 - 200OF 

t i c  d, Fed Spec 0-A-71 or 0-A-76 and sodium 
hydroxide, 0-S-598 Type I w i l l  be requi red  f o r  p H  
adjustment as requi red .  

F i l l  the  tank 3/4 f u l l  with water and d i s so lve  the r equ i r ed  moun t  of 
n i cke l  acetate and b o r i c  ac id .  
p H  using sodium hydroxide s o l u t i o n  t o  raise the  p H  and acetic a c i d  t o  
l a t e r  the p H .  Bring bath t o  the operat ing temperature.  

8.1.8.2 Maintenance: Maintain the  s e a l i n g  ba th  f r e e  of contamination. 
Daily checks and adjustments of  t h e  so lu t ion  p H  s h a l l  be made. Mater ia ls  
Engineering Division w i l l  provide o the r  maintenance i n s t r u c t i o n s  a s  
required.  

8.2 General Requirements: 

8.2.1 All hea t  t reatment ,  machining, forming,welding and o the r  f a b r i c a t i o n  
opera t ions  s h a l l  be ccmpleted prior t o  anodizing. 

8.2.2 P a r t s  conta in ing  non-aluminum mate r i a l s  gene ra l ly  should n o t  be 
anodized unless  such parts a r e  removed. Masking of such areas i s  
permissible  provided masking leaks are el iminated.  

8.2.3 Unless s p e c i f i c  au tho r i za t ion  is given, parts being prepared fo r  
anodizing s h a l l  n o t  be i m e r s e d  i n  uninhib i ted  c a u s t i c  a l k a l i  e tchants .  
P a r t s  s h a l l  be f r e e  of a l l  p a i n t s ,  corrosion products ,  grease, o i l s ,  or 
o t h e r  g ross  contamination. 

8.2.4 Anodic coa t ings  s h a l l  no t  be appl ied t o  assemblies un less  such 
p a r t s  can b e  thoroughly r in sed .  I n  add i t ion ,  anodizing of  such assemblies 
s h a l l  be r e s t r i c t e d  t o  chromic ac id  anodizing, w e  I. 

F i l l  t o  volume with water and a d j u s t  the  

-- 

I 
\ 

. I  
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8 . 2 . 5  
be of the following types and classes:  

Anodic coatings applied i n  conformance w i t h  *is spec i f ica t ion  s h a l l  

Type I,  Class I: 
a.  
b. 

Type I, Class 2: 
a. 
b. 
C. 

Type 11, Class 1: 
a. 
b. 

Type 11, Class 2: 
a. 
b. 
C. 

Type 111, Class 1: 

NOTE: Harda 

Chromic acid anodize 
Dichromate s e a l ,  without dye 

Chromic acid anodize 

Nickel ace ta te  s ea l  
Dye 

Sulfur ic  acid anodize 
Dichromate s e a l ,  without dye 

Sulfur ic  acid anodize 

Nickel ace ta te  s ea l  
Dye 

ld ic  coatings under thi  It 
be sealed,  unless spec i f ica l ly  re* 

s h a l l  not  
- - ~ Sealing 

W i l l  reduce the coating abrasion resistance.  
Unless otherwise specif ied,  coating thicknesses 
s h a l l  be .002 inches f .0005 inches. 

a. Hard anodize (and r inse)  
b. Dry 

Type 111, Class 1: (When seal ing i s  required.) 
a. Hard anodize 
b .  Dichromate s e a l  
c. Dry 

Type 111, Class 2: 
a. Hard anodize (normally *in coatings). 
b. Dye 
C. Nickel ace ta te  s ea l  

8.3 Preparation for  Anodizing: 
as  follows for  a l l  three types of anodizing. See enclosure ( 2 )  for  work 
flow d i  agrami 

All p a r t s  t o  be anodized s h a l l  be processed 
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8.3.1 P a r t s  f o r  anodizing s h a l l  b e  s u b s t a n t i a l l y  f r e e  of gross  oxides  
o r  p a i n t  f i lms.  Freshly machined su r faces  a r e  considered i d e a l .  P a r t s  
having non-aluminum a t t ach ing  parts s h a l l  no t  b e  anodized unless  such 
p a r t s  can be securely masked o f f .  P a r t s  e x h i b i t i n g  corrosion s h a l l  b e  
t r e a t e d  f o r  such condi t ions  i n  accordance with re ference  (a) .  

8.3.2 P a r t s  s h a l l  e thoroughly vapor de@reased, then  immersed i n  the 
a l k a l i n e  cleaning Solu t ion ,  paragraph 8.1.5 f o r  10 b 15 minutes. 
and r i n s e  thoroughly. 

8.3.3 Immerse p a r t s  i n  t h e  deoxidizing s o l u t i o n ,  paragraph 8.1.4 f o r  
30 seconds t o  two minutes depending upon t h e  amount of oxides present .  
Remove, r i n s e  thoroughly and dry.  Removal of  o l d  anodic coa t ings  w i l l  
r e q u i r e  considerably longer immersion times. 

9 Remove 

NOTE: Caustic soda o r  o t h e r  a l k a l i n e  e t ch ing  baths  s h a l l  no t  -- 
be used f o r  prepar ing  p a r t s  f o r  anodizing o r  f o r  removing 
o ld  anodic coa t ings .  

8.3.4 
or o t h e r  s u i t a b l e  ma te r i a l s .  

8.3.5 Rack parts securely us ing  ind iv idua l  sp r ing  clamps or aluminum b o l t s ,  
washers, and clamps. Coi l  sp r ing  clamps commonly used f o r  Type I anodizing 
are n o t  acceptable  f o r  Types I1 and 111. Racks and submerged contac ts  
s h a l l  be 6061 a l loy  wherever poss ib l e ,  t o  prevent  parts from "burning". 
See enc losure  (1) f o r  a t y p i c a l  masking and racking i l l u s t r a t i o n .  

Mask off areas n o t  t o  be anodized us ing  m a t e r i a l s  i n  paragraph 6 

- 

8.4 Anodizing: 

8.4.1 Typ e I, C l a s s  1 Coating, see enclosure (3): 

8.4.1.1 Immerse t h e  racked p a r t s  i n  t h e  chromic a c i d  anodizing s o l u t i o n ,  
paragraph 8.1.1, with the  cu r ren t  off. 
and uniformly increase  the vol tage  t o  40 v o l t s  over a per iod o f  5 minutes 
( 8  volts/min. 1. 

8.4.1.2 Maintain 40 v o l t s  f o r  40 minutes. The temperature s h a l l  be 
maintained a t  95t3OF. 

8.4.1.3 Turn the  cur ren t  o f f ,  remove parts and r i n s e  thoroughly f o r  a t  
least t w o  minutes i n  c lean water. 
upon removal from the  r i n s e  tank.  

Make p a r t s  anodic and gradual ly  

Flush with cold f r e s h  running water 

NOTE: P a r t s  which must be inspected f o r  de fec t s  a f t e r  
anodizing, as requi red  f o r  some a i r c r a f t  p r o p e l l e r s ,  
s h a l l  be kept  w e t  wi th  f r e s h  water during the  inspec t ion  
per iod.  No  more than  10 minutes s h a l l  e lapse  be fo re  
subsequent opera t ions  are resumed. 
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8.4.1.4 Immerse i n  t h e  dichromate s e a l i n g  s o l u t i o n ,  paragraph 8.1.7, for 
15  minutes a t  the s p e c i f i e d  temperature.  

8.4.1.5 Remve, r i n s e  thoroughly,  and dry with c m p r e s s e d  air. A clean 
h o t  water d i p  may be u t i l i z e d  t o  f a c i l i t a t e  drying.  (150%’ ma.) 

8.4.2 Type  I ,  C l a s s  2 coat ings:  see enc losure  (3)  

8.4.2.1 
bath temperature s h a l l  be 1 3 0 9  to provide a c o a t i n g  more receptive t o  
dyeing. 

8.4.2.2 Immerse i n  t h e  appropriate dye s o l u t i o n  for 15  minutes a t  the 
s p e c i f i e d  temperature.  

8.4.2.3 Remove, r i n s e  thoroughly,  and immerse i n  the n icke l  acetate 
s e a l i n g  s o l u t i o n ,  paragraph 8.1.8, for 15 minutes a t  t h e  spec i f i ed  
temperature. 

8.4.2.4 Remove, r i n s e  thoroughly,  and dry .  

8.4.3 Type 11, C l a s s  1 coat ings:  see enc losure  (2) 

8.4.3.1 Immerse t h e  racked p a r t s  i n  the s u l f u r i c  anodizing s o l u t i o n ,  
paragraph 8.1.2, w i t h  the cu r ren t  off. 
t h e r a l t a g e  u n t i l  a cu r ren t  dens i ty  of 12 amps/ft2 is  reached. 
for current dens i ty  m u s t  include a l l  s u r f a c e s  w e t  by the anodizing so lu t ion .  
Maintain the s p e c i f i e d  c u r r e n t  dens i ty  for 15 minutes ,  t u r n  the cu r ren t  o f f ,  
and remve parts. 

8.4.3.2 Rinse parts thoroughly i n  co ld  water f o r  t w o  minutes.  

8.4.3.3 Immerse i n  the dichromate s e a l i n g  s o l u t i o n ,  paragraph 8.1.7, for 
15 minutes a t  the s p e c i f i e d  temperature.  

8.4.3.4 Rinse thoroughly and dry.  

8.4.4 Typ e 11, C l a s s  2 coa t ings :  s e e  enc losu te  (4)  

8.4.4.1 Process per paragraphs 8.4.3.1 through 8.4.3.2. 

8.4.4.2 Immerse i n  the appropr ia te  dye s o l u t i o n ,  paragraph 8.1.6, f o r  
15 minutes,  remve and r i n s e  thoroughly.  

8.4.4.3 Immerse i n  the n icke l  acetate s e a l i n g  s o l u t i o n ,  paragraph 8.1.8, 
f o r  IS  minutes.  

8.4.4.4 Remove, r i n s e ,  and dry.  

Process per paragraphs 8.4.1.1 through 8.4.1.3, except that the 

Make t h e  parts anodic and inc rease  
Canputations 
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8.4.5 T y p  e 111 Coatings,  C l a s s  1: see enc losure  ( 5 )  

8.4.5.1 
cur ren t  o f f .  
very gradual ly ,  b u t  uniformly. t o  t h e  appropr ia te  cu r ren t  d e n s i t y  f o r  
t h e  p a r t i c u l a r  a l l o y  being processed. See Tab le  I. I n  a l l  cases the 
cu r ren t  dens i ty  s h a l l  be r a i s e d  gradual ly  and uniformly so t h a t  t h e  
des i r ed  cu r ren t  dens i ty  is reached a t  t h e  end of  15  minutes. Timing of  
the run s h a l l  begin a t  the i n s t a n t  t h a t  t h e  required cu r ren t  dens i ty  i s  
reached and t h e  cu r ren t  s h a l l  be he ld  cons tan t  u n t i l  t h e  requi red  t ime 

Immerse the racked parts i n  the anodizing s o l u t i o n  with t h e  
The parts s h a l l  b e  made anodic a t  low vol tages  and r a i s e d  - 

i s  expended. 

TABLE I 

A l l o y  

2024 and s i m i l a r  
high copper a l l o y s  

7075 and s i m i l a r  
a l l o y s  

356 and similar 
c a s t i n g  a l l o y s  

6061 and s i m i l a r  
a l l o y s  

Time (min.) f o r  var ious  
thickneiises i n  inches 

.0002 .0005 .001 .0015 .002 - - - - -  Current D e n s i t y  

25 ASF 6 1 4  29 43 58 

30 ASF 5 1 2  24  36 48 

30 ASF 5 1 2  24  36 48 

35 ASE 4 11 2 1  32 42 

NOTE: This table i s  intended t o  be used a a general  guide f o r  
determining time for  var ious  a l l o y s  and w i l l  genera l ly  
g ive  coat ing th ickness  to l e rances  of f .0005 inches.  
For c lose r  t o l e rances ,  t e s t  p ieces  (from same s tock  as 
parts) must be anodize? t o  Ls t ab l i sh  times required.  
A l t e rna t ive ly ,  p a r t s  may be ancldized overs ize  and 
lapped, ground, o r  honed back t o  s i ze .  

8.4.5.2 A t  t h e  end of the  required t ime, t h e  cu r ren t  s h a l l  be  turned 
o f f  and the part removed from t h e  ta?k and r insed .  
removed and then the p a r t s  s h a l l  b e  thoroughly r insed  again and dr ied .  
Seal ing,  as f o r  conventional anodizing, i s  n o t  required.  

8.4.5.3 
dry ing  steps and seal the  coa t ing  per paragraphs 8.4.3.3 and 8.4.3..4 

Masking s h a l l  be 

When s e a l i n g  i s  requi red ,  d e l e t e  t h e  above masking removal and 
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8.4.6 Typ e 111 Coatings, C l a s s  2: see enc losure  (5) 

8.4.6.1 Process parts per paragraph 8.4.5.1. 

Page 13 of  14  - ------- - - - - - - - - - - - - - - - - -_-  - - - - - -_-  

! 

8.4.6.2 
and t h e  parts removed from t h e  tank and r i n s e d  thoroughly f o r  a t  least  
two minutes.  

8.4.6.3 
for 15  minutes. Remove, r i n s e ,  and dry.  

A t  t h e  end of the  r equ i r ed  t i m e ,  t h e  cur ren t  s h a l l  be turned off 

Immerse t h e  parts i n  t h e  appropriate dye so lu t ion ,  paragraph 8.1.6, 

8.5 Coating pua l i ty :  

I 

8.5.1 The anodic coa t ing  s h a l l  be continuous,  smooth, adherent ,  uniform 
i n  appearance and s h a l l  be f r e e  f r o m  powdery a reas ,  loose f i l m ,  
d i s c o n t i n u i t i e s  such as breaks and sc ra t ches  or o the r  defec ts .  Contact 
marks s h a l l  be kept  t o  a minimum and s h a l l  be loca ted  i n  areas which are 
allowable. 

8.5.2 Once each m n t h  samples s h a l l  be submitted t o  t h e  Materials 
Engineering Divis ion,via  the  Qual i ty  Assurance Department, f o r  determinat ion 
of conformance t o  reference ( c ) .  Samples s h a l l  be prepared f r o m  2024-T3 
(bare) alumjnm a l l o y ,  0.040 inches t h i c k ,  measuring 12 inches by 1 2  inches.  
Samples s h a l l  be anodized, s ea l ed  (except  for Type 111) and sheared ink& 
t h r e e  in& square panels .  
only.  

PREPARED B p  APPFOVED BY: 

Samples submitted s h a l l  be C l a s s  1 coatdngs 
C l a s s  2 coat ings w i l l  be  eva lua ted  on an as-requested b a s i s .  

c 

ALVIN n .  INGRAM,@. 

DISTRTBUTION: 
NAQAIRSYSCOMHQ (AIR-4111)  - For Review - 2 NARF Pensacola - 3 
NAVAIRsYSCoMHQ (AIR-52033D) - 1 
NAVAIRSYSCCNREPLAIEI - 1 NARF Jacksonvi l le  - 1 

NARF Quonset Poin t  - 1 

NAVAIRSYSCOMREPAC - 1 NAVSAFECEN 1 
NAVALBSYCOMREP:Pncla - 1 COMFAIRWESTPAC (FAWRA Code 400) - 5 

NATSF - 3 
ASO, P h i l a  - 1 NAEC (WESO Code X-3) - 2 

NARF Alameda - 1 
NARF Cherry Poin t  - 1 
N A F S  North I s land  - 1 
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RACK DESIGN DETAIL 
6061 ALLOY (ALL PARTS) 
- 

FIGURE 1 

- - _ _  

1/4 - 28 wing nut 

1/4 - 28 threaded hole 
Aluminum staff 

1/4 - 28 nut 

Adjustable spring 

1/4 - 28 bolt 

Racked m a l l  part 

Racked large part 
securely held by 
bolted clamp 

1/4 - 28 nuts 

Aluminum rod, 
1/4" diameter 
threaded 1/4 - 28 

Enclosure (1) 
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ANODIZING PRETEATMENT FLOW 

I DEGREASE I e INHIBITED ALKALINE CLEAN 

RINSE I 

DEOXIDIZE/STRTP RNODIZE I 

I RINSE/DRY 

I MASK/RACK I A ANODIZE 

E n c l o s u r e  ( 2 ) 
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ANODIZING WORK FLOW, 
TYPE I, CLASSES 1 and 2 

CHFOMIC ANODIZE 1 

R I N S E  

-T- 
CLASS 1 COATINGS I CLASS 2 COATINGS 

I 
J- 

I DICHROMATE SEAL I 
I I 1 

J. 
I RINSE/DRY I I RINSE 1 

I NICKEL ACETATE SEAL 

1 

RINSE/DRY I 

E n c l o s u r e  (3)  



I 'SULFURIC ANODIZE I 

CLASS 1 COATINGS CLASS 2 COATINGS 

1 DICHROMATE SEAL 

& RINSE DRY 

NICKEL ACETATE SEAL 

RINSE/DRY 

I 

i 

Enclosure (4 )  



. .. 
, 

ANODIZING WORK FLOW, 
TYPE I11 

I ANODIZE I 
1 
1 

f RINSE 
1 J 

./ + 
I DICHROMATE SEAL I 

CLASS 2 CLASS 1 COATINGS 
(UNSEALED) COATINGS 

DRY DYE 

! 

Enclosure (5) 
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PROCESS AND EMISSION TEST DATA SHEET 

NORFOLK NAVAL AIR REWORK FACILITY 
NORFOLK, VIRGINIA 

TYPE OF OPERATION i I 

Hard chrome plating and chromic acid anodizing. Testing was 
conducted on Chrome Line 1, hard chrome plating tanks Nos. 32, 
33, and 34. All three tanks are ducted together to a mesh-pad 
mist eliminator. Three particulate emission test runs were sim- 
ultaneously performed at the inlet and outlet of the demister. 
Methods 1, 4, and 5 were followed. Three particle size determi- 
nations were also made simultaneously at the inlet and outlet of 
the demister using two inertial cascade impactors. All tests 
were of 6 0  minutes duration. 

Testing was performed by Environmental Source Samplers, Inc. 
on November 22, 1 9 8 6 .  The facility was visited on April 8, 1 9 8 7  
by A1 Vervaert of EPA, Randy Strait of MRI, and Subroto Mitro of 
the Navy. 

TYPE OF CONTROL EQUIPMENT 

Ceilcoat mist eliminator. Based on total chromium, the 
average control efficiency was measured to range from 72.2 to 
80.6%, with an average efficiency of 75 .6  %. The mist elimina- 
tor was washed down for four minutes every two hours during 
testing. 

TANKS ASSOCIATED WITH HARD CHROME PLATING SYSTEM 

Tank Capacity Temperature LxWxD Rectifier 

1 3 0  6 X 4 . 5 ~ 1 0  0-12 1 5 0 0  27 1 9 1 9  
28 1 9 1 9  amb 6 ~ 4 . 5 ~ 1 0  
29 1 1 4 4  1 3  0 8 . 5 ~ 4 ~ 5  0-9 1 5 0 0  

0-9 1 5 0 0  3 0  1 1 4 4  1 3 0  8 . 5 ~ 4 ~ 5  
3 1  1 1 4 4  1 3  0 8 . 5 ~ 4 ~ 5  0-9 1 5 0 0  
3 2 *  1 1 4 4  1 3 0  8 . 5 ~ 4 ~ 5  0-9 1500 
33*  3 8 3 7  1 3  0 12X4.5X10 0-9 2 5 0 0  

8 X 4 . 5 ~ 1 0  0-9 1 5 0 0  1 3 0  3 4 *  2 5 5 0  
3 5  1 9 1 9  amb 
36 1 9 1 9  1 9 0  
37  - - 6 ~ 4 . 5 ~ 2  

NO. qals F feet Voltaqe Amps 

- - 

- - 6 ~ 4 . 5 ~ 1 0  
6 ~ 4 . 5 ~ 1 0  - - 

- - 
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Tank No. 28 is a cold water rinse, Tank No. 35 is a cold 
water rinse, Tank No. 36 is a counterflow hot water rinse, and 
Tank No. 37 is an air dry station. Tanks Nos. 27, 29-34, and 36 
are the hard chromium plating tanks. Each tank contains approxi- 
mately 33 oz/gal of chromic acid; some or all have push-pull 
ventilation. 

Tanks No. 4 through 26 are involved in a chrome anodizing 
operation. Chromic acid anodizing is performed based on mili- 
tary specifications. Details concerning Tanks No. 4 through 26, 
and the anodizinq operation, are available in the test report. 
However, no testlng was performed on the anodizing operation. 

EMISSIONS DATA 

MIST ELIMINATOR 

Inlet Outlet 
Total Chromium Total PM Total Chromium Total PM 

(qr/dscf) (qr/dscf) (qr/dscf) (qr/dscf) 

Test 

1 .0050 .0231 .0013 .0041 
2 .0062 .0318 .0012 .0050 
3 .0054 .0260 .0015 .0050 

Average .0055 . 0 2 7 0  .0013 .004? 
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ENVIRONMENTAL SCYIRCE SAMPLERS, INC. TEST OF THE N,4V&=EWQd 
~ I T ~ ~ - ~ ~ r ~ ~ ~ ~ - ~ R - ~ ~ r ~  (CHROME LINE 1 DEMISTER) PERFOf?HED 
ON NOVEMBER 22 .  1986. 

ACCEPTABLE 

This report is acceptable, however, only total chromium analysis was 
performed. 

At the outlet, the last two runs had moisture contents that were greater 
than saturation (though not by much). The same data were run again for run #2 
using correct moisture content and a comparison of the emission numbers can be 
found in the enclosed Summary of Emissions Sheet which is on the opposite side 
of the Sampling Summary Sheet. 
incorrect moisture and the difference is slight. If the difference is 
significant to ISB, the report can be returned and the correct numbers 
calculated. 

The red numbers give the emission rates for 



State of California AIR RESOURCES BOARD test of Standard Nickel-Chromium 
- Test Report C-86-085 

UNACCEPTABLE 

On the first page of this report, the first sentence of the first 
paragraph says, "This Report presents an e&i.&z& of emissions from Standard 
Nickel-Chromium Plating Company." The report provides an estimate and that is 
all. 
accepted by the Emission Eleasurement Branch for a source test whose data might 
be used by ISB. 

Testing was not done in accordance with procedures that would have been 

In looking at the velocity traverse sheets, the inlet duct diameter is 
given at 19 inches. The duct length 
for the inlet is too short to meet Reference Method 1 requirements. We have 
had this problem with our testing as well. On the outlet, a 5-foot extension 
.was added. The drawing in the reporc does not make it possible to determine 
precisely where the outlet ports are placed; however, if the correct location 
was chosen, the total number of sampling points would have been 25.  Only 16 
points were actually sampled. 
also insufficient, 16 total points being sample instead of 24. 

The text of the report gives 18 inches. 

The number of sample points at the inlet was 

When sampling for chromium emissions, experience by the EMB has shown 
that the distribution of chromic acid is not necessarily uniform throughout 
the stack gas. It is important, then, to sample the correct number of points 
in order to obtain accurate data. Since this report was merely to provide an 

points being chosen. 
~trmate" of emissions, this is a possible reason for not enough sample 
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EMISSIONS STACK TESTING AT MCDONNELL DOUGLAS, 
TORRANCE, CALIFORNIA 

Chromium Emissions Tests for Tank 193, Bldg. 2 (Etching Tank Scrubber) and 
Tank 195, Bldg 2 (Anodizing Tank Scrubber) at Douglas Aircraft Company. 

UNACCEPTABLE 

This report has discrepancies between the field data sheets and the 
computer printouts and it appears that a minimal effort was made for the 
entire project. 

From looking at the report, it is possible to conclude that single point 
sampling was done in order to obtain the data. 
but information on duct length and port location along the duct is missing. 
Only two ports were placed into each duct which would not allow for the proper 
matrix of sampling points as specified by Reference Method 1. 
velocity traverse was made, field data sheets for the sample runs show 
constant stack and meter box parameters, and the absence of a sampling nozzle 
diameter in the report indicates that only a piece of Teflon tubing was used 
to extract the sample, Although the text at one point refers to a "Method 5" 
train, sampling was not done in accordance with nethod 5 procedures. 

Both ducts were rectangular, 

Although a 

The text says that sampling was done proportionally. The correct size 
nozzle for Run 1 ,  Scrubber 1 .  Sparger On is 0.25. 
report and performing isokinetic calculations using the three most frequently 
used nozzle sizes of 0.1875, 0.25, and 0.3125. the isokinetic rates for this 
run are 153.3, 8 6 . 2 ,  and 55.2 percent respectively. Although the report says 
that proportional sampling was done, the data sheets show that the sampling 
rate was constant and there is no indication of traversing. 

Using the data given in the 

This report was prepared for two attorneys. The report was probably 
used in a court case and data were needed, but no one involved knew enough to 
determine if the data gathered were accurate or properly obtained. 
provides a "quick and dirty and not too accurate estimate" of the emissions 
from a single point. 
shown that chromium emissions from a source cannot be accurately determined by 
sampling a single point. 
data for the source 
tested. 

The report 

Previous testing of chromium sources by the EHB has 

Thus, the report does not provide accurate emission 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
Office of Air Quality Planning and Standards 
Research Triangle Park, North Carolina 277: 1 

HKHORANDUII 

SURJECT: Acceptability of Test Reports 

mon : Frank R. Clay N C  
Field Testing Section, EMB, TSD (MD-14) 

Industrial Studies Branch, ESD (MD-13) 
To: Andrew Smith 

Enclosed are three test reports that have been reviewed. 
One report is acceptable and the other two are not. 
for accepting or rejecting each report follow: 

Enclosures 

The reasons 




