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. I 

1 .o INTRODUCTION 

During t h i s  repor t ing  period q u a n t i t i e s  of  Rexwell 

mesh f o r  the f a b r i c a t i o n  of  t h e  cap s e c t i o n  and smal le r  d e l i v e r a b l e  

i tems were i r r a d i a t e d  to 15 Mrads a t  High Voltage Engineering, 

Burlington, Mass. After i r r a d i a t i o n ,  the mesh was heat  t r e a t e d  

f o r  two hours a t  14OoC.  i n  a ni t rogen atmosphere a t  GSFC. 

The i r r a d i a t e d  hea t  t r e a t e d  mesh was then e l e c t r o l e s s l y  p l a t ed  

us ing  e s s e n t i a l l y  the standard Enthone p l a t i n g  cyc le .  After 

p l a t i n g ,  t h e  mesh was cu t  t o  t h e  proper  subsegment dimensions 

i n  p repa ra t ion  for u l t r a s o n i c  bonding. 

During t h e  heat treatment 28 f t .  (7  subsegments) of 

mesh were degraded due t c  improper temperature c o n t r o l  of t h e  

environmental chamber. Consequently it was necessary t o  

r eeva lua te  t h e  inventory 03 Rexwell mesh and redesign the  

f a b r i c a t i o n  p l an  of  t h e  cap sec t ion .  I n  conjunct ion wi th  the 

new design a 4gk.01 i n .  x 14.5*.01 i n .  s t e e l  template f o r  the 

f i n a l  c u t t i n g  o f  t h e  subsegments was procured. 

A t e s t i n g  program has been devised for 911 phases of  

t h e  f a b r i c a t i o n  scheme. A f l e x u r a l  r i g i d i t y  t e s t e r  has been 

cons t ruc ted .  F l exura l  r i g i d i t y  and t e n s i l e  t es t s  i n  a l l  

requi red  d i r e c t i o n s  have been comple+ed on t h e  mesh a s  received 

and a s  i r r a d i a t e d .  

-1- 
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2 .o DELIVERABLE ITEMS 

The genera l  p lan  f o r  the cons t ruc t ion  of the d e l i v e r a b l e  

items i s  ou t l ined  a s  follows: 

a )  I r r a d i a t i o n  of  t he  mesh. 

b) Prel iminary c u t t i n g  of the  mesh (wi th  allowance f o r  
shrinkage ) 

c )  Heat t rea tment .  

d )  E l e c t r o l e s s  copper p l a t i n g .  

e )  Cut t ing  t o  required subsegment s i z e  (wi th  allowances 
f o r  bonding). 

f )  Ul t rasonic  bonding. 

g )  Fina l  c u t t i n g  of boundary. 

A t  p r e sen t ,  p a r t  e )  has been completed. 

2.1 Spher ica l  Cap Sec t ion  

The design f o r  t h e  sphe r i ca l  cap s e c t i o n  c o n s i s t s  of  

- - ---mha-r? --_.._ nf gore segments c u t  s o  a s  t o  g ive  a c i r c u l a r  boundary 

when bonded toge the r  and f i n a l l y  trimmed. A ske tch  of the 

cons t ruc t ion  design can be seen i n  Figure 1. 

The l eng th  and w i d t h  o f  a l l  gore subsegments(except 

those  on t h e  c i r c u l a r  boundary) a r e  49.00 and 14.50 inches,  

r e s p e c t i v e l y  . 
2 .1 .1  Cap Sec t ion  Design_ 

It has  been shown' t h a t  t h e  d i f f e r e n c e  between t h e  

maximum a r c  l eng th  contained i n  t h e  cap sec t ion  su r face  and the 

corresponding diameter l y ing  i n  t h e  cap s e c t i o n  base i s  only  

0.01 f e e t  (Figure 2 ) .  

1 A 
Sec t ion  5.1 of Appendix 
p .  15 
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Figure  1 LOCATION OF CAP S E C T I O N  W I T H I N  GORE S E C T I O N  CONSTRUCTXD SPH3RE 
I 
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. . 
T h i s  r e s u l t  implies  t h a t  any a r c  contained i n  the cap s e c t i o n  

su r face  i s  approximately, ( i .e , , ,  wi th in  0.08 inch )  equal  i n  

length  t o  i t s  projeckion i n  t h e  c i r c u l a r  base o f  t h e  cap s e c t i o n .  
2 

It has a l s o  been shown t h a t  tne w i d t h  of t h e  c e n t e r  

gore segment remains e s s e n t i a l l y  cons tan t .  It v a r i e s  0,023 i n .  

from a maximum o f  14.500 i n .  a t  the equator  t o  a minimum of 

14.477 i n .  where t h e  sides of the segment i n t e r s e c t  t h e  c i r c u l a r  

boundary of the cap sec t ion .  

I n  view of t h e  small  curvature  exhib i ted  by the  cap 

sec t ion ,  t he  ind iv idua l  gore segments can be c u t  i n  t h e  

form of f l a t  r ec t ang le s  using a metal template a s  a guide.  

Subsequently, one end of each gore segment w i l l  be t r immed t o  

provide the required curved boundary. 

I n  a c t u a l i t y ,  each segment w i l l  be composed o f  a number 

of @-inch long subsegments. 

l eng ths  of 14.5-inch wide mesh c o n s t i t u t e  t he  most convenient 

s i z e  f o r  p l a t i n g .  

2.1.2 Cap Sect ion Fabr ica t ion  

2.1.2.1 I r r a d i a t i o n  

This i s  necessary s ince  4-foot 

Sec t ions  o f  mesh were f i r s t  source i r r a d i a t e d  using 
60 a Co gamma source.  The p r o p e r t i e s  o f  t he  r e s u l t a n t  mesh 

ind ica t ed  t h a t  i t  was unsui tab le  f o r  use  i n  t h e  f a b r i c a t i o n  

of the d e l i v e r a b l e  items due t o  non-uniformity o f  absorbed dose.  

It i s  f o r  t h i s  reason t h a t  t h e  Rexwell MX-44 polyethylene mesh 

was machine i r r a d i a t e d  t o  15 Mrads wi th  an e l e c t r o n  a c c e l e r a t o r  

a t  High Voltage Engineering, Burlington, Mass. The mesh was 

i r r a d i a t e d  continuously a s  a f l a t  s ec t ion  by pass ing  it by 

the e l e c t r o n  beam through use o f  r o l l e r s .  

2Sect ion 5.1.2 and Table of Appendix 
p.16 and p .  18 
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2.1.2.2 Preliminary Cutt ing 

With the  procurement o f  the template and t h e  i r r a d i a t i o n  

of t he  mesh accomplished, c u t t i n g  of  the subsegments has been 

completed. A d e t a i l e d  view of t h e  subsegments comprising t h e  

cap s e c t i o n  i s  presented i n  Figure 3. A subsegment numbering 

system i s  a l s o  ind ica ted  i n  the  diagram. The f i r s t  number 

r ep resen t s  t h e  quadrant i n  which the subsegment i s  loca ted ,  t h e  

second t h e  row, and the t h i r d  the  column. All subsegments were 

cu t  t o  t h e i r  maximum leng th  dimension wi th  an allowance f o r  

shr inkage.  Addi t iona l ly ,  a t  l e a s t  two c e l l  l engths  were added 

t o  the c u t t i n g  l eng th  t o  allow f o r  bonding. Table 1 summarizes 

t h e  c u t t i n g  l eng th  and a c t u a l  length f o r  a l l  subsegments. 

2.1.2.3 Heat Treatment 

The hea t  t reatment  of the mesh f o r  the de l ive rab le  

i tems i s  intended t o  i n s u r e  dimensional s t a b i l i t y  upon deformation/ 

r e s t o r a t i o n  hea t ing  o f  t h e  f ab r i ca t ed  d e l i v e r a b l e  i tems.  

Prel iminary t e s t s  on small samples of t he  mesh i n d i c a t e :  

a )  Heating temperature should be s l i gh t ly  above 
~ 

t h e  c r y s t a l l i n e  melt ing poin t  of t h e  polymer ( 14OoC. 1. 
b )  Maximum shrinkage occurs wi th in  two hours.  

c )  Heating i n  a i r  causes degradation and embrit t lement 

of t h e  mesh which may be eliminated by employing a n i t rogen  

atmosphere. 

With these  f a c t s  considered hea t  t r e a t i n g  ope ra t ing  

cond i t ions  were chosen a s  follows: 

Operating Temperature: 14O-1&j0C.  

Atmosphere : Nitrogen 

I Heating Time: 2 hours.  

I n  add i t ion ,  a t  l e a s t  one-half hour was allowed f o r  

b r ing ing  t h e  mesh up t o  14OoC. from room temperature. 
-5- 
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Table 1 

Cutt ing Lengths f o r  A l l  Subsegments 

Actual Maximum 
Length Cut t ing  kength 

Subsegment ( i n . )  ( i n . )  Number 

1-3-1 45.88 50.41 4 

1-3-2 44.10 4.8 097 4 

1-3-3 41.42 46 .O4 4 

1-3-4 

1-3-5 

36.83 

30.44 

41 56 4 

35.32 4 

1-3-6 2 1  -97 27.12 4 

1-3-7 
1-2-8 

11.19 

45 .rC8 

16.51 4 

50 53 4 

1-2-9 25.59 34.94 4 

0-1-0 46 .OO 50 .oo 1 

0-6-0 

1-1-10 
** 

46 .OO 

42.17 

The remainder 
a r e  a l l  complete 49.00 
r e c t a n g l e s  

50 .OO 1 

50.53 4 

50.53 68 

* 
With two a d d i t i o n a l  c e l l s  for bonding 

** 
The width  of t hese  boundary p ieces  i s  6.31 inch .  
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The same minimum time i n t e r v a l  was employed f o r  r e tu rn ing  t h e  

mesh t o  room temperature a f t e r  t h e  2-hour hea t  t reatment  per iod 

has e lapsed.  T h i s  procedure insured a g a i n s t  thermal shock. 

During t h e  heat  t r e a t i n g  process ,  t he  mesh subsegments 

l a y  on f l a t ,  h o r i z o n t a l  aluminum t r a y s  t o  i n su re  f l a t n e s s .  

The heat  t reatment  was conducted a t  Goddard Space 

F l i g h t  Center i n  an environmental c o n t r o l  chamber. Except f o r  

t h e  t reatment  of seven subsegments of t he  cap sec t ion ,  the 

heat  t reatment  of t h e  mesh was successfu l .  During t h e  f i r s t  run 

t h e  temperature c o n t r o l s  of t he  environmental chamber were 

improperly connected. T h i s  caused a temperature i n  excess o f  

145OC. and r e su l t ed  i n  t h e  thermal degradzt ion o f  the seven 

subsegments. Consequently, it was necessary t o  r econs t ruc t  

t hese  subsegments out  of sc rap  mater ia l  a s  wel l  a s  some of the 

A-rsded ma te r i a l .  These imperfect segments w i l l  be placed on 

the per iphery of t h e  cap sec t ion  i n  o rde r  t h a t  a s  much of it 

a s  p o s s i b l e  w i l l  be c u t  away. 

2.1.2.Lk - E l e c t r o l e s s  P l a t i n g  

Successful  e l e c t r o l e s s  copper p l a t i n g  of  t he  d e l i v e r a b l e  

items was accomplished. 

Teflon l i n e d  ba ths  o f  a s i z e  necessary t o  p l a t e  t h e  l a r g e s t  

subsegments ( 5 0  i n .  x l k . 5  i n . ) .  The b a s i c  p l a t i n g  cycle  and 

o p e r a t i n g  condi t ions  a r e  given on page 2 of t h e  J u l y  1965 

Progress  Report. Modifications o f  t he  cyc le  were necessary 

i n  o r d e r  t o  achieve a s a t i s f a c t o r y  p l a t e .  They a r e  a s  follows: 

The p l a t i n g  was c a r r i e d  out  i n  16-gallon 

-8- 
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1. I n  t h e  condi t ion ing  step (5) i n  o rde r  t o  achieve 

thorough oxida t ion ,  it was necessary t o  increase  the ope ra t ing  

temperature t o  3O0-400C.  range and Increase  the immersion t i m e  

t o  25 minutes. The hea t ing  was accomplished by use  of  a chemically- 

pure l e 3 d  sheathed immersion hea ter .  

2 .  I n  t h e  p l a t i n g  step (ll), moderate a i r  d i s p e r s i o n  

and ope ra t ing  temperatures i n  t h e  range of  6To-75OF. were 

necessary so  a s  t o  d e a c t i v a t e  t h e  ba th .  T h i s  was requi red  f o r  

two reasons:  t o  preserve t h e  bath and t o  prevent t he  excess 

formation of poorly conductive copper oxide i n  t h e  p l a t ed  copper. 

It must a l s o  be pointed out  t h a t  an excess of dissolved a i r  

d e a c t i v a t e s  t h e  s o l u t i o n  so a s  no p l a t i n g  occurs .  

The immersion time i n  the p l a t i n g  s t e p  w8s held 

t o  10 minutes, so  a s  t o  g ive  a nominal p l a t i n g  th ickness  of  
- -  - - A  . 

from Enthone s t a t i n g  t h a t  t h e  p l a t i n g  r a t e  i n  a ba th  a t  t h e  

s t a t e d  concent ra t ions  i s  1 x lom6 in./min. 

-* * -  * - -  - - - - - A - - c . -  . . ~ - t C k  i n f n m ~ f . ~ n n  r p n e j  LVALW I l I G i l l .  A I I A V  AU .LA& w . r r - . - - - - - - - -  

3. Agi ta t ion  of t he  mesh i n  the fol lowing ba ths  

was necessary  t o  in su re  proper  liquid contac t  (and removal of 

=Gherir?g gases) i n  t he  following s t e p s :  

Conditioner (5)  

S e n s i t i z e r  (7) 

Ac t iva to r  ( 9 )  

P l a t i n g  (11) 

4. After each s t e p  a very thorough (but  g e n t l e )  spray 

r i n s i n g  was appl ied  t o  t h e  t r e a t e d  mesh t o  prevent  "drag i n "  

from one process ing  so lu t ion  t o  t h e  next .  

p re se rve  each ba th  a s  we l l  as t o  i n s u r e  proper contac t  of 

s o l u t i o n  w i t h  t h e  mesh. 

T h i s  was necessary t o  

-9- 
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5. I n  o r d e r  t o  p r o t e c t  the copper sur face  an an t iox idan t  

t reatment  s t e p  (13) has  been added t o  t h e  p l a t i n g  cyc le .  Treatment 

cons is ted  of immersing t h e  p l a t e d  mesh i n  a s o l u t i o n  o f  1 p a r t  

Entek Cu55 and 99 p a r t s  deionized water  f o r  a minimum of 

15 minutes. The mesh was then  washed and d r i e d  r ap id ly .  

During t h e  course of the p l a t i n g  opera t ion  q u a l i t y  

c o n t r o l  tests3 and adjustments were executed t o  i n s u r e  proper  

ba th  composition. 

Addit ional ly ,  e l e c t r i c a l  r e s i s t a n c e  measurements were 

run on the p la ted  subsegments t o  in su re  t h a t  t h e  pes i s tance  

of each p iece  was less than 2 ohms/square. The r e s i s t a n c e  i n  

ohms/square of most of t he  subsegments i s  reported 23 Table 5 

pp.  28-30. The average r e s i s t a n c e  is  0.34 ohms/square 

w i t h  an average dev ia t ion  o f  0.12 ohms/square. 

2.2 F l a t s  and Cylinders 

Sec t ions  of Rexwell Mx-46 mesh were subjected t o  

Co6' gamma i r r a d i a t i o n  f o r  use i n  cons t ruc t ion  of t h e  f l a t s  

and cy l inde r s .  

P o s t - i r r a d i a t i o n  mesh p r o p e r t i e s  ind ica ted  an 

i n t o l e r a b l e  degree of i r r a d i a t i o n  dose non-uniformity. 

Addit ional  s ec t ions  of Rexwell MX-46 mesh s u i t a b l e  f o r  

c y l i n d e r  f a b r i c a t f o n  have been subjected t o  machine i r r a d i a t i o n  

(i .e., 1.5 Mev e l e c t r o n  a c c e l e r a t o r ) .  

Uniformly acceptab le  mesh p r o p e r t i e s  have been 

obtained and hea t  t reatment  of  t h e  cy l inde r s  p r i o r  t o  p l a t i n g  

and bonding was i n i t i a t e d .  It was found t h a t  t h e  heat  t reatment  

3Sect ion 5.2 of  Appendix 
P. 19 
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i n  a i r  a t  l4OoC. degraded the polyethylene mesh by oxida t ion  

causing embri t t lement .  I n  l i g h t  o f  t h i s  f a c t  i t  was necessary 

t o  hea t  t r e a t  mesh i n  an i n e r t  n i t rogen  atmosphere. 

Due t o  the non-uniform Go6' i r r a d i a t i o n  of  Rexwell MX-46 

intended f o r  t h e  f a b r i c a t i o n  o f  cy l inders ,  i t  was necessary t o  

f a b r i c a t e  a l l  remaining smaller  de l ive rab le  i tems out  of 

Rexwell MX-47 (a  very s i m i l a r  mesh, see  Q u a r t e r l y  Report, RAI 356, 

page 31). A s u f f i c i e n t  q u a n t i t y  o f  MX-47 mesh has been machine 

i r r a d i a t e d  f o r  t he  cons t ruc t ion  of the  cy l inde r s  and f l a t  

s e c t i o n s .  Af t e r  i r r a d i a t i o n  t h e  mesh f o r  t h e  cy l inde r s  and 

f l a t  s e c t i o n s  was c u t ,  hea t  t r ea t ed  and e l e c t r o l e s s l y  p l a t ed  

using the same methods and procedures a s  f o r  t h e  cap s e c t i o n .  

2.2.1 F l a t  Sect ion 

The 4 f t .  x 6 f t .  f l a t  s e c t i o n  w i l l  be f ab r i ca t ed  

out  of twelve (12) 25 i n .  x 14.5 i n .  smal le r  f l a t  s e c t i o n s  

bonded toge the r  and then c u t  t o  the required 4 ft. x 6 f t .  

dimensions. 

2.2.2 Cy1 ind e r s  

One f o o t  (1 f t . )  by 7.5 i n .  f l a t  s e c t i o n s  were 

machine i r r a d i a t e d  while wrapped around a 7.5 i n .  s t e e l  cy l inder ;  

thereby  imparting a c y l i n d r i c a l  shape (and memory) t o  the mesh. 

Bonding t h e  1 f t .  edges toge ther  will y i e l d  t h e  completed 

c y l i n d e r  of  required s i z e .  

-11- 
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3 .O MECHANICAL TESTING 

Tens i le  t e s t s  were performed on both v i r g i n  and 

i r r a d i a t e d  Rexwell MX-44 mesh. 

1 inch  wide  samples using an Ins t ron  t e n s i l e  t e s t e r .  Grip 

sepa ra t ion  on the  jaws of t h e  t e n s i l e  t e s t e r  was 1 inch.  

Tens i l e  tests were pul led i n  the  Oo, 45' and goo d i r e c t i o n s .  

The tests were performed on 

I n  add i t ion ,  f l e x u r a l  r i g i d i t y  t e s t s  were performed 

on the  un i r r ad ia t ed  and i r r a d i a t e d  mesh i n  the Oo, 45' and 

90' d i r e c t i o n s .  

Tables 2 and 3 below summarize t h e  r e s u l t s  o f  t hese  

t e s t s .  

3.1 Discussion of Resul t s  

I n  genera l  t h e r e  was l i t t l e  t rend i n  t h e  ohange of  

s t r e n g t h  i n  t h e  mesh w i t h  15 Mrads of r a d i a t i o n .  On the o t h e r  

hand the  mesh has become less e l a s t i c  a s  can be seen by the 

decrease  i n  the s t r a i n  ( y i e l d  u l t imate  and maximum) of t h e  

i r r a d i a t e d  m a t e r i a l  compared t o  the u n i r r a d i a t e d .  Addi t iona l ly ,  

the  m a t e r i a l  showed an approximate increase  of  25% i n  f l e x u r a l  

r i g i d i t y  when i r r a d i a t e d .  These r e s u l t s  a r e  i n  accord with 

theory .  The r a d i a t i o n  induces c ross l ink ing  i n  t h e  polyethylene 

render ing  i t  less e l a s t i c  and more r i g i d .  

-12- 
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4.0 FUTURE WORK 

During t h e  next r epor t ing  per iod t h e  cap sec t ion  

and o t h e r  de l fve rab le  items w i l l  be  u l t r a s o n i c a l l y  bonded 

and then f i n a l l y  c u t  t o  t h e i r  required dimensions. Addi t iona l ly ,  

the t e s t i n g  program on the mesh will be completed. 

-14- 



5 -0 APPENDIX 

5.1 Cap Sec t ion  Design Calculat ions 

The cap sec t ion  considered i s  radius of  curva ture  

R = 212.5 f t .  and diameter  D = 24 f t .  

5.1.1. Maximum Arc Length 

From Figure 4 below it can be seen t h a t  1/2 t h e  

maximum c e n t r a l  angle  (&max) i s  equal t o :  

= s in -1  I I  = sin'' 12.00 
R 212.50 

Q max 

= 3.237' 

The maximum a r c  l eng th  i s  then equal t o :  

F igure  4 SIDE VIEW OF CAP SECTION 

a r c  length  - 



5.1.2 Var ia t ions  i n  Gore Width  

The maximum v a r i a t i o n  i n  the  gore w i d t h  ( b )  of a 

gore i n  the cap sec t ion  i s  dependent on t h e  angle  Q (see Figure 5) 

measured from the  plane de f in ing  the equator  of t he  212.5 

r ad ius  sphere, Its dependence can be found a s  follG.ws: 

The length  of an a r c  length  b wi th in  a gore segment 

i s  equal  t o  

b = R 1 $  (2 )  

W i t h  9 = 2 ~ 5 - m ~ )  14.5 

From r i g h t  t r i a n g l e  OAC 

R1 = l? C C ~  Q 

wi th  R = 212.5 

Combining equat ions 2 and 3: 

(3) 

14.5 h = . -  COS Q 
IC (4 )  

A t a b u l a t i o n  of the ha l f  gore w i d t h  (* b) versus t h e  

ang le  Q from Q=O a t  the equator  t o  Q = sax a t  t h e  upper 

boundary i s  presented i n  Table 4. It can be seen from t h e  t a b l e  

t h a t  t h e  d i f f e rence  between the  maximum gore w i d t h  a t  t he  

equa to r  t o  the minimum gore w i d t h  ilear t h e  cpper boundary i s  

0.002 f t . ,  so for a l l  p r a c t i c a l  purposes t h e  lengths  of a l l  t h e  

gores  can be considered p a r a l l e l  w i th in  t h e  ea2 s e c t i o n .  It i s  

I f o r  t h i s  reason t h a t  the f l a t  s ec t ions  have been used i n  t h e  

cons t ruc t ion  of t h e  cap sec t ion .  

-16 - 



Figci>e 5 ARC LENGTH W I T H I N  CAP SECTION 
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Table  4 

Var ia t ion  of Gore Width w i t h  Angle Q i n  Center of Cap Sec t ion  

4 Gore Width 3 Gore Height 
Q 0.60416 Cos Q 3.70876 

( 0 )  (ft. (ft.) 

0 .6W 16 0 
.18 .6cii 16 0 -66757 
.40 .60415 1.48350 
.60 .60413 2.22525 
.80 .60!+:0 2.96700 
99 .6ciio7 3.67167 

1.08 . 6 0 4 ~ 5  4.00546 
1.20 .60303 4.45051 
1.40 .60398 5.19226 
1.62 .60292 6.00819 
1.89 .60”83 7 00956 
2.00 .6~1377 7 41752 
2.20 .60371 8 15927 
2.40 .6G363 8.90102 
2.60 .60>54 9.64278 
2.80 .66344 10.38452 
2.90 060339 10.75540 

11.94084 
3.00 .60333 *A. -.---_ 
3.05 .60:~30 11 3 1 7 7  
3.10 .60:~.?7 11.49715 
3.15 . 603iJ4 11.68259 
3.20 .60322 11.86803 
3.22 .60321 11.9!220 
3 023 .60;20 12.0P30 
3.25 .Bo319 12,05347 
3 027 6031 8 12.12764 

,605 2% 12.20182 
12.23890 

3.29 
3.30 . O U 3 1 3 /  
3.304 .6031546 12.25374 

- 7  7nCoQ 
.60336 n nc - - / /  

r - .. 1 P- 
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5.2 

5.2.1 

Analy t ica l  Procedures f o r  P l a t i n g  Baths i n  
Enthone P l a t i n g  Cy c l e  

P l a t i n k  Bath 5: Analysis f o r  Enplate  G-3053 

Equipment Required: 

1 - 10 m l .  graduate  

1 - 250 m l .  graduate  

1 - 1.400 - 1.620 hydrometer 

1 - 2 ml. p i p e t t e  

2 - 250 ml. stoppered Erlenmeyer f l a s k s  

1 - 50 m l .  b u r e t t e  

Solu t ions  Required: 

SO$ H C 1  (6N) 

20$ K I  (Wt.) 

1% Starch  s o l u t i o n  ( W t  .)  

0.1N Na S 0 

Procedure : 
2 2 3  

1. 

2. 

3. 

4.  

5. 

6 .  

7 .  

Cool t he  sample t o  75OF. 

Measure t h e  S.G o f  t h e  sample. The S.G should be 
1.590-1.608; i f  it i s  lower the s o l u t i o n  should 
be heated and the excess water dr iven  o f f .  

P i p e t t e  a 2 m l .  sample i n t o  a 250 ml. f l a s k  
snd d i l u t e  w i t h  100 m l .  of  deionized water .  

Add 10 m l .  of  a 20% K I  s o l u t i o n .  

Add 2 m l .  o f  6N Bc1.  

Stopper the f l a s k s  immediately and s t o r e  i n  a 
dark p l ace  f o r  5-10 minutes. 

T i t r a t e  t h e  sample w i t h  0.1N Na S 0 t o  a s t raw 
color ;  then add 2 ml. of s t a r c h  s o l u t i o n  and t i t r a t e  
t o  a c l e a r  end poin t  

2 2 3  

(greenish  b l u e ) .  

Calcu la t ion  : 

m l  0 , l N  Na2S203 

30 
X 

For each 10% low add 3/4 oz./gal. 
Addi t ive .  

-19- I 
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5.2.2 P l a t i n g  Bath 7 

5.2.2.1 Analysis of S e n s i t i z e r  432 Working Solu t ion  

Apparatus Needed: 

3 m l .  p i p e t t e  

25 m l .  p i p e t t e  

250 m l .  Erlenmeyer Flask 

25 m l .  graduated cy l inde r  

5 m l .  gradusted cy l inde r  

Eye drop3er 

Hot p l a t e  

50 m l .  burette 

Reagents Needed: 

EDTA Solu t ion  (EDTA Disodium S a l t )  0.0575 M 

Zinc Solu t ion  (Zinc Metal)  0.0575 M 

*.---. D Uydmrhl.oric - acid ( H C 1 )  

Ammcnium kce tx t e  ( lE<4C&o2) Solut ion 30% 

Hydrogen Peroxide (€1202) 30s 

Xylenol Orange Ind ica to r  Mix (0.18 by weight i n  s u  a r )  
( F i s h e r - S c i e n t i f i c  Xylenol Orange Tetrasodium S a l t  B 
Procedure : 

1. P i p e t t e  3 mi. sample isto 259 ml_; Erlenmeyer f l a s k .  

2 .  Add 5 m l .  concentrated HC1. 

3. Add 5 drops H202 (30%) o r  2.5 ml. H202 (3%). 

4. Heat on hot p l a t e  t o  bo i l ing ,  remove and allow 
t o  cool .  

5. P i p e t t e  25 m l .  Standard EDTA i n t o  cooled s o l u t i o n .  

6. While swi r l ing  add 25 m l .  NH4C2H302 s o l u t i o n .  

7. Add 1.5 g .  i n d i c a t o r  mix and d i s so lve .  

8. T i t r a t e  wi th  standard 0.0575 M z inc  s o l u t i o n .  
Color changes from yellow t o  r e d .  

-20- 



. 
Ca l cu la  t i o n s  : 

0.55 x (25 - m l .  z inc  s o l . )  = (Vol.) of Enplate  S e n s i t i z e r  432 

i n  s o l u t i o n .  

Replenishment : 

Maintain the d e s i r e d  l e v e l  of  s e n s i t i z e r  432 by 

adding 38 m l .  (1.3 f l .  oz . )  of concentrate  p e r  ga l lon  of 

s o l u t i o n  for each 18 low. 

5.2.2.2 Analy t ica l  Procedure f o r  Acidi ty  of  S e n s i t i z e r  432 
Working Solu t ion  

Apparatus Needed: 

2 m l .  p i p e t t e  

250 ml. Erlenmeyer Flask 

Eye -d ropper 

50 m l .  b u r e t t e  

Reagents Needed : 

0 . 1 N  Sodium Hydroxide (NaOH) s o l u t i o n  

Phenolphthalein Ind ica to r  

Procedure: 

1. P i p e t t e  2 m l .  of sample i n t o  250 m l .  Erlenmeyer f l a s k .  

2 .  D i lu t e  w i t h  approximately 100 m l .  d i s t i l l e d  water.  

3. Add 3 drops of phenolphthalein i n d i c a t o r .  

4 .  T i t r a t e  w i t h  0 . 1 N  NaOH. Color change i s  f rom c l e a r  
t o  pink. 

Calculat ions:  

0.42 x m l s  t i t r a t e d  = $ (Vol.) Cone, HC1 in s o l u t i o n .  

Replenishment: 

Maintain the desired l e v e l  of  a c i d i t y  adding: 

For each 1% low add 75 m l .  (2.2 f l .  oz.)  of 

6 N  HC1 (50% by Vol.) for each g a l l o n  of s o l u t i o n .  

If  necessary,  the a c i d i t y  can be reduced adding f o r  

-21- 



each 1% high, 75 m l .  (2.5 fl.oz.) of  6 N  NaOH ( 2  lb . /ga l . )  f o r  

each ga l lon  of s o l u t i o n .  

A s o l u t i o n  made up using 1 p a r t  S e n s i t i z e r  432 and 

15 p a r t s  of  water conta ins  approximately an equiva len t  of  

8$ (by Vol.) of conc. HC1. 

A s o l u t i o n  made up using 1 p a r t  o f  S e n s i t i z e r  432 

and 30 p a r t s  of water conta ins  approximately an equiva len t  

of 4% (by Vol.) of conc. HC1.  

A s o l u t i o n  made up using 1 p a r t  o f  S e n s i t i z e r  432, 

1 p a r t  of conc. H C 1  and 14 p a r t s  of water  con ta ins  approximately 

an equiva len t  o f  14% (by Vol.) of  HC1. 

5.2.3 P l a t i n g  Bath 9 

5.2.3.1 Analysis of Act iva tor  440 Working Solu t ion  - 
Colorimetr ic  Procedure 

"-----n+iia N p p d e d :  
a * p r - -  - - 

Set of c lean  d r y  test tubes ( o r  Nessler tubes)  

2 m l .  p i p e t t e  - 0.1 m l .  graduat ions 

10 ml. graduate 

Procedure: 

440 
1. Set  up s tandards  ranging from 1% t o  10% (Vol. 

by p i p e t t i n g  0 . i  n i l .  fr?lerener?ta of Act iva tor  
concent ra te  i n t o  the  tubes and adding water  w i t h  
the graduate to make 10 ml. of  s tandard.  (These 
s tandards  may be sealed and kept  pemanen t ly . )  

2.  Place 10 m l .  of f i l t e r e d  sample of Act iva tor  440 
working s o l u t i o n  i n t o  the  sample t es t  tube.  

3. Obtain concentrat ion versus  t ransmi t tance  curve 
us ing  color imeter  a t  s e t  wave length  and temperature.  
(See Figure 6 below.) 

Replenishment : 

Maintain the  d e s i r e d  l e v e l  of  Act iva tor  440 by 

adding 38 ml. (1 .3 f l . 02 . )  of concent ra te  pe r  g a l l o n  of  

s o l u t i o n  f o r  each 1% low. 
-22 - 



Figure 6 A C T I V A T O i i  CONCENTRATION ,VS. T R A N S M I T T A N C E  

at; 535 x cm. and 2 4 O C .  
wavelength 
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I 
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NORMAL CONCENTRATION OF S O L U T I O N  #9 - 88.3T 

% TRANSMITTANCE 



. 
5.2.3.2 Analy t ica l  Procedure f o r  Acidi ty  of Ac t iva to r  440 

Working Solu t ion  

Apparatus Needed: 

20 ml. pipe t te  

250 m l .  Erlenmeyer f l a s k  

Eye dropper 

Reagents Needed: 

0.1N Sodium Hydroxide (NaOH) s o l u t i o n .  

Phenolphthalein Ind ica to r  

50 ml. b u r e t t e  

Procedure : 

1. Pipe t te  20 m l .  o f  sample of Act iva tor  440 i n t o  t h e  
Erlenmeyer f l a s k .  

2.  D i lu t e  with approximately 100 m l .  d i s t i l l e d  water.  

3. Add 2 t o  3 drops o f  phenolphthalein i n d i c a t o r .  

11 . .  m + ~ n * e  - w i t h  0 . 1 ~  NaOH. Color change i s  from 
c l e a r  t o  pink. 

Calcu la t ions :  

0.042 x m l s .  t i t r a t e d  = $ of  conc. HC1 i n  s o l u t i o n .  

Replenishment : 

Maintain t h e  d e s i r e d  l e v e l  of a c i d i t y  by adding: 

For each 0.1% low, add 7.5 ml. ( Q , 2 5  fl.oz.) of  

6 N  HC1 (50% by V o l . )  f o r  each ga l lon  of  so lu t ion .  

For each 0.1% high add 7.5 m l .  (0.25 f l . o z . )  of 

6 N  NaOH ( 2  lb . /gal . )  f o r  each ga l lon  of s o l u t i o n .  

A s o l u t i o n  made up using 1 p a r t  o f  a c t i v a t o r  

and 15 p a r t s  water  conta ins  approximately 0.5% (by V o l . ]  

conc. HC1.  

A s o l u t i o n  made up using 1 p a r t  of Act iva tor  and 

30 p a r t s  water conta ins  approximately O.25$ (by V o l . )  conc. H C l .  

- NOTE: The concent ra t ion  o f  ac id  i n  Ac t iva to r  440 working s o l u t i o n  
i s  always under 18 (by V o l . )  

-24- 



5.2.4 P l a t i n g  Bath 11 

5.2.4.1 Analysis fo r  CU-4OOA i n  CU-400 Operating Solu t ion  

Apparatus Needed: 

50 m l .  p i p e t t e  

50 m l .  b u r e t t e  

500 ml . Erlenmeyer f l a s k  

25 m l .  graduated cy l inde r  

Reagents Needed : 

Glac ia l  Acetic Acid 

Potassium iodide  ( K I )  reagent  grade 

Starch s o l u t i o n  (10% so luble  s t a r c h  s o l u t i o n )  

0 . 1 N  Sodium t h i o s u l f a t e  ( Na2S203) 

Procedure : 

1. Pipet te  50 m l .  sample i n t o  500 m l .  Erlenmeyer flask, 

L . ..-- l m  - ml - d i s t i l l e d  Water, 

3. Add 15 m l .  g l a c i a l  a c e t i c  ac id  ( c o l o r  should change 
t o  l i g h t  blue-green) 

4. Add 15 g. K I  (about 1 teaspoon), s w i r l  u n t i l  
completely d isso lved .  (Color changes from 
l i g h t  blue-green t o  dark brown.) 

NOTE: It i s  important t o  add K I  a s  s o l i d ,  
no t  a s  l i q u i d  concent ra te .  

5.  T i t r a t e  w i t h  0.1N Na2S203 u n t i l  c o l o r  changes from 

6.  Add 5 m l .  s t a r c h  i n d i c a t o r  so lu t ion . (Color  w i l l  

dark brown t o  l i g h t  brown o r  yellow. 

change t o  dark purple o r  b lack . )  

7. Continue t i t r a t i n g  w i t h  0 . 1 N  Na2S203 u n t i l  c o l o r  
changes t o  white and remains c l e a r  f o r  1 minute. 

NOTE: With some s t a r c h  s o l u t i o n s  the white may be 
t inged  w i t h  a f a i n t  pink co lo r  which cannot 
be made t o  disappear .  

8. Record m l .  o f  0 . 1 N  Na2S203 used. 

-25- 
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Calculat ions:  

(0.883)(m1. 0 . 1 N  Na2S203 used) = $ (by Vol.) CU-400A 

Replenishment: 

Maintain a t  d e s i r e d  l e v e l  of CU-4OOA by adding 38 m l .  

(1.3 f l . o z . )  of CU-4OOA p e r  gal lon of s o l u t i o n  for each 1% low. 

CU-400B is maintained by adding an equal  volume of CU-4OOB 

for each volume of CU-4OOA replenished.  

5.2.4.2 Free A l k a l i n i t y  Control 

p r e s e n t .  

The f ree  a l k a l i n i t y  of a 2-5-9 bath  should be con t ro l l ed  

by the following t i t r a t i o n .  This t e s t  should only be run a f t e r  

proper  a d d i t i o n s  of both CU-4OOA and B have been made. 

Apparatus Needed : 

50 m l .  p ipe t t e  

250 m l .  Erlenmeyer f l a s k  

50 ml. b u r e t t e  

Eye dropper 

Reagents Needed: 

1 N  s u l f u r i c  ac id  (H2S04) so lu t ion .  

Phenolphthalein i n d i c a t o r .  

Procedure : 

1. P i p e t t e  50 ml, sample of CU-400 i n t o  a 250 m l .  f l a s k .  

2. Add 50 ml. deionized water.  

3. Add 3-4 drops of phenolphthalein i n d i c a t o r .  

4. T i t r a t e  with 1 N  H2S04 u n t i l  a l l  red c o l o r  
d i sappears .  (Clear b lue)  

-26 .. 



Calcula t ions :  

For a ba th  made-up using 2 p a r t s  A ,  5 parts B, 

9 p a r t s  water.  

(221-13 x m l .  of' 1 N  H SO 

of NaOH needed p e r  g a l l o n  of made-up CU-400 bath .  (30 m l .  = 

approximately 1 fl.02.) 

used) = m l .  of' a 2 lb./gal.  ( 6 N )  s o l u t i o n  2 4  
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Table 5 

Resistance of Various Subsegments of Cap Sec t ion  

Resistance 
Subsement (ohms/square) 

0-1-0 
0-2-0 

0-4-0 
0-5-0 

0-3-0 

0-6-0 

1-1-1 
1-1-2 
1-1-3 
1-1-4 
1-1-5 

1-1-7 
1-1-8 

1-1-6 

1-1-9 
1-1-10 

1-2-1 
1-2-2 
7 -9-2 

i-2-6 
1-2-5 
1-2-6 
1-2-7 
1-2-8 
1-2-9 

1-3-1 
1-3-2 
1-3-3 
1-3-4 
1-3-5 
1-3-6 
1-3-7 

2-1-1 
2-1-2 
2-1-3 
2-1-4 
2-1-5 
2-1-6 
2-1-7 
2-1-8 
2-1-9 
2-1-10 

.45 

.30 
63 

30 
.24 
30 

.L 

9 39 
.48 
30 

.8 
- 

43 

&41 
.24 
05 
.60 

.18 
30 

.24 
30 
30 

.24 

.46 

.18 

.60 - 
continued 
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Table 5 (Continued) 

~~~ ~ Resistance 
Subsegment (ohms/square) 

2-2-1 
2-2-2 

2-2-4 
2-2-6 
2-2-7 
2-2-8 

2-2-3 
2-2-5 

2-2-9 

2-3-1 
2-3-2 
2-3-3 
2-3-4 
2-3-5 
2-3-6 
2-3-7 
3-1-1 
3-1-2 
3-1-3 
3-1 -h 
d -  

3-1-5 
3-1-6 
3-1-7 
3-1-8 
3-1-9 
3-1-10 

3-2-2 
3-2-3 
3-2-4 
3-2-5 
3-2-6 

3-2-1 

3-2-6 3-2- 
3-2-9 

3-34 
3-3-2 
3-3-3 
3-3-4 
3-3-5 
3-3-6 
3-3-7 

.20 

.21 

.24 

.18 

.24 
30 
30 

096 
- 

0 27 
.60 
.20 
0 48 
50 
90 

30 
.24 
.10 
.24 
.30 
.24 
30 
30 
30 - 
.24 
.24 
30 
30 . i8 
30 
24 

” 
.60 

30 
.24 
30 
.27 
23 
.31 
38 

continued 
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Table 5 ( Continued 1 

Resistance 
Subsegment (ohms/square) 

4-1-1 
4-1-2 
4-1-3 
4-1-4 
4-1-5 
4-1-6 

4-1- 
4-1-9 
4-1-10 

4-2-1 
4-2-2 
4-2-3 
4-2-4 
4-2-5 
4-2-6 
4-2-7 
4-2-8 
4-2-9 

4-3-1 
4-3-2 
4-3-3 
4-3-4 
4-3-5 
4-3-6 
4-3-7 

.24 
30 
30 

.20 

.61 
15 
30 

.60 

.60 

.18 
30 
24 
49 

.24 
48 

.42 
24 
23 

.60 

.37 

.bO 

.62 

.20 - 30 
38 
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Table 6 

Resistance of  Various Subsegments o f  F l a t  Sect ion 

c ohms/syu.ars 1 SLzboegment - 
1 
2 
3 
4 
5 
6 
7 a 
9 
10 
11 
12 

0.51 
1.70 
0.34 
0.68 
0.51 
0.55 
0.68 
l I s S  
1.58 
1.13 
4.0 
0.45 

Table 7 

Resis tance of  Cylinders 
-- 

Re s i s  t an c e 
Cylinders ( 0 ~ 2 I ~ s / s q ~ 3 J % ;  

1 
2 
3 
4 

0.57 
1.41 
1.70 
1.80 
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