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THE DESIGN AND CONSTRUCTION OF A 

HOIBLWJM SPECTW ANALYZER 

I. I n t r o d u c t i o n  

P u b l i c  concern over  environmental  p o l l u t i o n  is i n c r e a s i n g  a t  a 

The concern s t e m s  from an awareness of t h e  t h r e a t s  t o  geometr ic  rate.  

h e a l t h  and w e l f a r e  from t h e  wastes of o u r  soc ie ty . ;  i t  l e a d s  i n e v i t a b l y  

t o  p r e s s u r e  on i n d u s t r y  t o  reduce t h e  d i scha rge  of contaminat ion i n t o  

ment, and p r i v a t e  i n d u s t r y .  A problem conf ron t ing  all agencies  f o r  en- 

t h e  a i r  

program 

and p u b l i c  waterways. 

The implementation of an e f f e c t i v e - e n v i r o n m e n t a l  improvement 

depends on t h e  coord ina ted  e f f o r t s  of t h e  gene ra l  p u b l i c ,  govern- 

v i ronmenta l  c o n t r o l  i s  t h e  l a c k  of i n s t rumen ta t ion  t o  monitor p o l l u t a n t s .  

This  r e s e a r c h  i s  an a t tempt  t o  s o l v e  t h i s  i n s t rumen ta t ion  problem by de- 

ve loping  a S p e c t r a l  Analyzer f o r  ident i . fy ing  and measuring p o l l u t a n t s .  

The v a r i o u s  i n t e r a c t i o n s  between a i r ,  water, and s o l i d  wastes 

must b e  eva lua ted  by a p l a n t  o r  even an e n t i r e  i n d u s t r y .  The t rea tment  

of a water p o l l u t a n t  may create an a i r  p o l l u t a n t ,  f o r  i n s t a n c e ,  an ob- 

j e c t i o n a b l e  odor.  And, of course ,  t h e  c o l l e c t i o n  and handl ing  of t h e  d u s t  

p a r t i c l e s  from a bag house w i l l  produce a s o l i d  waste d i s p o s a l  s i t u a t i o n .  

Th i s  p a r t i c u l a r  problem p r e s e n t s  a d u a l  i n s t rumen ta t ion  need, t h a t  i s ,  

t h e  c a p a b i l i t y  t o  monitor  a i r  and water contaminat ion on a cont inuous 

b a s i s .  

Monitor ing programs are e s t a b l i s h e d  t o  ensu re  t h a t  c e r t a i n  
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r e g u l a t o r y  requirements  e s t a b l i s h e d  by f e d e r a l ,  s tate o r  l o c a l  

governing agenc ie s  are maintained and t o  e v a l u a t e  p o t e n t i a l  hazardous 

_condi t ions which may harm o r  endanger l i f e  o r  proper ty .  

may b e  done on a c o n t i n u a l  o r  par t - t ime b a s i s ,  depending upon t h e  

type  of i n fo rma t ion  d e s i r e d .  

Monitoring 

Although some p rogres s  has  been made i n  i d e n t i f y i n g  and 

measuring gene ra l  classes o f  p o l l u t a n t s ,  t h e r e  i s  a real  need f o r  in -  

t e n s i v e  r e sea rch  i n t o  methods f o r  i d e n t i f y i n g  and measuring t h e s e  

classes of p o l l u t a n t s .  A need f o r  i n t e n s i v e  r e s e a r c h  i n t o  methods 

f o r  i d e n t i f y i n g  and measuring t h e  i n d i v i d u a l  subs tances  t h a t  make up 

t h e s e  classes i s  a l s o  s o r e l y  needed, as poin ted  ou t  i n  t h e  " I n d u s t r i a l  

P o l l u t i o n  Con t ro l  Handbook." 

should b e  a prime r e q u i s i t e  f o r  t h i s  purpose.  The Hohlraum S p e c t r a l  

Analyzer w i l l  f a c i l i t a t e  r e sea rch  in areas where our  knowledge i s  f a r  

from complete r ega rd ing  a i r  p o l l u t a n t s :  t h e i r  i d e n t i t y ,  s p e c i f i c  sou rces  

from which they  are de r ived ,  f a c t o r s  governing t h e i r  d i s p e r s i o n ,  and 

chemical and p h y s i c a l  changes i n  t h e  atmosphere; t h e i r  e f f e c t s  s i n g l y  

and i n  comb inat i o n s .  

Simpler and less expensive procedures  

Long-term e f f e c t s  of a i r  p o l l u t i o n  on man, on o t h e r  b i o l o g i c a l  

systems, and on p rope r ty  must b e  q u a n t i t a t e d  a c c u r a t e l y  i n  o r d e r  t o  

e s t a b l i s h  t h e  n e c e s s i t y ,  f e a s i b i l i t y ,  and economic p r a c t i c a b i l i t y  of 

c o n t r o l  measures designed t o  a b a t e  t h e s e  e f f e c t s .  Research i s  s t i l l  

s o r e l y  handicapped by t h e  l a c k  of techniques  s e n s i t i v e  enough t o  

d e t e c t  minimal changes. 

Another problem area i n  which t h e  Hohlraum S p e c t r a l  Analyzer 

is a p p l i c a b l e  i s  t h e  e v a l u a t i o n  of the r o l e  f u e l  addi . t ives  p l ay  i n  
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t h e  composition of motor v e h i c l e  gaso l ine .  The f u n c t i o n  of t h e s e  

a d d i t i v e s  are numerous. The most n o t a b l e  of t h e s e  are t h e  an t iknock  

compounds. However, t h e r e  are numerous o t h e r s  i nc lud ing  d e t e r g e n t s ,  

depos i t  mod i f i e r s ,  co r ros ion  i n h i b i t o r s ,  upper c y l i n d e r  l u b r i c a n t s ,  

a n t i o x i d a n t s ,  etc. A s  t h e  u s e  of t h e  ant iknock compounds d iminishes ,  

t h e  e f f e c t  of t h o s e  a d d i t i v e s  and i m p u r i t i e s  on exhaust  emissions may 

is d i scussed ,  fol lowed By an otrt l lne of t h s  exper imenta l  procedure. 

Also  inc luded  i s  a statement of t h e  proposed t a s k s  f o r  1971-72. - 

_ _  - 
11. Desc r ip t ion  - -  of  Ins t rument  

T h e  Bohlraum S p e c t r a l  Analyzer,  shown i n  F i g u r e  1, c o n s i s t s  of 

detectors t o  monitor t h e  incoming r a d i a t i o n ,  The elect._rical. s i g n a l  

from t h e  d e t e c t o r s  is  firsi: aapi l fFed  mxd then recorded on a strip 

c h a t  recz-rder+ A McLeod gage is used t o  determine t h e  p r e s s u r e  and 

n 
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Ligh t  Sources  

Two l i g h t  sou rces  were used t o  provide  r a d i a n t  energy i n  t h e  

s p e c t r a l  range  of  0 .2  t o  15,. 

0.2 t o  2.0, and a Globar w a s  used f o r  t h e  r e g i o n  of 2.0 t o  1 5 . O P .  

A t ungs t en  l a m p  w a s  used i n  t h e  range of 

The Sylvania  tungs t en  lamp was placed on a s t a n d  w i t h  an  a lu-  

minum r e f l e c t o r  used t o  d i r e c t  t h e  r a d i a n t  energy on to  a s p h e r i c a l  

drror, 

auto t ransz 'omer) ,  

Pmzer w s  snpp:j& tr; -&e -2 - -  5% 3. g ~ g ~ f ~ ~ ~ g  {y~~=&-J.. 

A Perkin-Elmer Giobar was operated at a temperature of llOO°C. 

2%e electrodes 57ere water ~=vaIed tci 5 z ~ r e a ~ e  their  usefu€  Sife- Power 

w a s  sui]pZ.ried at 40 v o l t s  and 5 amps t o  main ta in  the proper  o p e r a t i n g  

temperature .  

M i  I r n r s  

I n  order LO coii,strai-,tt *,he r s d i n i ~ t  C ? X . ~ ~ J  ~ T Z E  the l i g h t  P O ~ . I T C ~ P  

onto the e n t r a n c e  of the monochromatax, a 108 m diaeeter & n o r  w i t h  

-a r a d i u s  of cu rva tu re  of 0.56 meters w a s  used. A l l  m i r ro r s  w e r e  coated 

wi th  AI-Si0 f o r  r e f l e c t i v e  purposes .  A similar m i r r o r  r ece ived  t h e  mono- 

zhroaatic energy frm the manochromator and refleereed the r a d i a t i o n  

Three detectors give a u s e f u l  energy range t o  t h e  ins t rument  

f r o m  0.2 to 2u^.0p. Each d e t e c t o r  (PPI, ?bS, a d  TC) is raoi~imted through 

;r separate o u t l e t  on t h e  sample compartaent.  Fa r  simplicity the  efec- 

t r o n i c s  associsteri with each de tee te r  were cons t ruc t ed  separately 
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Pho tomul t ip l i e r  De tec to r  

A pho tomul t ip l i e r  tube  (EM1 t y p e  9601-B) d e t e c t s  energy i n  

t h e  range 0.2 t o  0.7,. Its ou.tput is  f e d  by a Pe rk in  E l m e r  Model 13 

Amplif ier  t o  a Leeds and Northrup t y p e  G r e c o r d e r .  Power i s  supp l i ed  

a t  a v o l t a g e  of 960 v o l t s  from a Pe rk in  Elrn-.r d .c .  power supply .  This 

d e t e c t o r  has  an anode s e n s i t i v i t y  of 2000 A/L w i t h  a s p e c t r a l  re- 

r e s i s t a n c e  of 220 &as. Power is  a p p l i e d  t o  Ehe ce l l  a t  200 vults d.c, 

For detection 02 h f r a r e d  erxergy a thermocouple <Char les  3. 

Reeder Model "ULsSO> XES s ~ p l o y e d  br, t h e  range  3.0  t o  1 5 . O V .  

thermocouple h a s  a seiisitive area 8 m-~r. 8 mm w i t h  a K B r  window. 

The 
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S ample Compartment 

A 10-inch i n s i d e  d iameter  sphe re  w a s  machined from two aluminum 

p l a t e s  which were 13 inches  i n  diameter  and 6 inches  t h i c k .  The sample 

compartment was cons t ruc t ed  as two hemispheres which f i t  t o g e t h e r  so  

t h a t  no crack  would r e s u l t .  

t o  seal  a t  a h igh  vacuum. The t h r e e  d e t e c t o r  p o r t s  w e r e  equipped w i t h  

A l l  seals were "0" r i n g s  which w e r e  designed 

_ _  - eiii-ea.-e<>F-C + f p i * i ? z e ~  5~ = ~ z z  . ~ + P & E s ~  a -gy'~cur~, 2 & h-&rd~*~- aiFowe& 
--= v ---ii ---- --_- 

radiazlt  energy t o  enke r  t h e  compaLihent. 

i n  d iameter  and 10 mi t h i c k ,  The compartmeot a l s o  w a s  equipped with a 

vacuum ouflel:  and a gas  f f l l e d  port, A detail sketch is sham in 

Figure  3 and a photograph i s  shorn  i n  Figure 4 of t h e  sample compartment. 

The tjindow marerial iczz f inch  

Monochromator 

The Perkin-Elmer P b d d  99 nzlirble P a s s  Monochromator -- i..e.: one 

which makes use  of the same o p t i c a l  sysl;crri E w i c e  -- Is abed t u  provide 

monochramatic r a d f a t i o n  w i t h  h igh  s p e c t r a l  p u r i t y .  

c e p ~  the, p r i s m - a r e  r e f l e c t i n g  and, s i n c e  a nuqber of p r i s m  materials are 

a v a i l a b l e ,  t he . in s t run ien t  i s  usab le  throughout t h e  v i s i b l e ,  u l t r a v i o l e t  

A l l  the o p t i c s  ex- 

aIld i n f r a r e d  po r t ions  cjf tL- --nni-***rn A LA-- n h m m n n p  v<~,-iv.e 
LIIT. ayCzLLLL1. V G L Y L L  L - I I w y y I Z L  d , , v r r r g  m9t9r is 

mounted i n  t h e  base of t h e  manochromator. The chopped radiation signal 

is rect i f ied by s p c h r o ~ a z s  breakers n ~ 1  the chopper s h a f t  bef~z-e pas shc  0 

+ A  *I,,-. YfiC*Î dC.Y 
L." Lt?.L. LGL"&.+.-%" 

111. Experiment a1 Pro  ce4ure 

 TI.^ f o i l ~ i ~ g  is r. s t e p  by step pracedure  to 21kstrzix the 

method for operating .the IbEilrami S p e c t r d  k a l j x e z .  

1. The vacuum pump is  turned on and allowed t o  evacuate  

-2 the sampie tampaE2iEent eo a p r e s s u r e  of 10 t o r r ,  
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FIGURE 4 SAMPLE COMPARTMENT 
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2. The vacuum o u t l e t  v a l v e  i s  then  closed and t h e  p o l l u t a n t  

tank  v a l v e  i s  opened. 

t h e  p a r t i a l  p r e s s u r e  which is used t o  determine t h e  PPm 

p r e s e n t  of a p a r t i c u l a r  p o l l u t a n t .  A mixture  i s  formed 

by al lowing t h e  necessa ry  q u a n t i t y  of h igh  p u r i t y  a i r  t o  

e n t e r  t h e  sample compartment. 

The McLeod gage i s  used t o  monitor  

3- m-e pwer 2s E l I r n d  aI1 to the mplifieE= u d e  Whl& in 

Z d . l O W S  pQWer be SUsplied .',he WElG&ZSSI&QX. 

4 ,  Th2 saur:2es 2 ~ e  turned on independent2y dapez~dixig ofz the 

region of  t h e  spectrum b e i n g  analyzed. 

is used f o r  t h e  s h o r t  wavelength r e g i o n  w h i l e  t h e  g loba r  

The tungsten Imp 

is rtsed in the infr2red region. T.!ater is supplied to t h e  

g lobar  f o r  cool ing.  

5, The ana lyzer  is now o p e r a t i o n a l  t o  determine t h e  s p e c t r a l  

d a t a  for t h e  particdas q u a n t i t y  of a given pollutant. 

The s p e c t r a l  v a r i a t i o n  is  a r e s u l t i n g  of tu rn ing  t h e  wave- 

l eng th  selector on t h e  monochromator. The s i g n a l  from 

the detectors is recorded  on the stripchart recarder. 

.- _. __ 

The speecuieter operates oil thz pririciple tha t  every 

mixeure absmbs i n  distirrctive spectral p a t t e r n s .  

IV. Scope of  Work for the 1971-72 Year 

The design and c o n s t r u c t i o n  phase I s  n e a r  compfetion. The 

i n s t r m e n t  development w i l l  b e  continued hy perfeltBlcbrag tkie following 

task. 

1, To abt& spectrrd c h a r a c t e r i s t i c s  far gas mix tu res  

4 

with kno~rn q u a n t i t i e s  of poblutants. The pollutants to 
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b e  t e s t e d  are carbon monoxide, carbon d ioxide ,  hydrogen 

s u l f i d e ,  n i t r o g e n  d ioxide ,  and s u l f u r  d ioxide .  These g a s e s  

are on o rde r  and should b e  d e l i v e r e d  by t h e  1 5 t h  of 

November. 

2. To produce s p e c t r a l  traces of  unknown samples .  These 

unknown traces will be  i d e n t i f i e d  by comparison w i t h  traces 

&grAQ& fffa T a k  2- 

To develop data 6anJliag erjiiipeat gad sofeware prfiii;Lam 

f o r  d a t a  r e d u c t b a  frm real I)robkms- 

3.  


