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I. INTRODUCTION 

Weight loss and severe degradation of t h e  sur face  of Kapton 

and other  materials occur i n  low e a r t h  o r b i t .  Atomic oxygen, t h e  major 

ambient spec ies  a t  these  a l t i t u d e s  and inc ident  with approximately 5 e V  

energy i n  t h e  ram d i rec t ion ,  i s  t h e  l o g i c a l  candidate f o r  t h e  cause of 

t he  observed degradation. 

During t h e  p a s t  t h r e e  years  w e  have developed a system which 

employs a source of low energy oxygen ions  t o  s imulate  t h e  s h u t t l e  low 

e a r t h  o r b i t  environment. This source,  together  with d i agnos t i c  t o o l s  includ- 

ing surf  ace ana lys i s  and m a s s  spectroscopic  capab i l i t y ,  has been used t o  

obtain quantum y i e l d s  f o r  atoms and molecules evolved from t h e  su r face  of 

Kapton and o ther  materials as t h e  r e s u l t  of oxygen ion  bombardment. 

11. INSTRUMENTATION AND EXPERIMENTAL TECHNIQUE 

Figure 1 shows t h e  arrangement of t he  main components of our experi- 

mental apparatus within an u l t r a  high vacuum system. 

t i o n  of a su r face  can be determined by means of an Auger e l ec t ron  spectro- 

The chemical composi- 

m e t e r .  

by simply r o t a t i n g  t h e  sample holder  (sample carousel)  t o  move t h e  sample 

from t h e  p o s i t i o n  fac ing  t h e  ion  gun t o  t h a t  fac ing  t h e  c y l i n d r i c a l  mirror  

analyzer of t h e  Auger e l ec t ron  spectrometer. 

This can be done i n  s i t u  before  and a f t e r  oxygen i o n  bombardment 

The l o w  energy i o n  gun (developed by Kimball Physics,  Inc. , of Wilton, 

New Hampshire) produces a beam of oxygen ions with an energy v a r i a b l e  from 

- 5 0 0  eV t o  < 5 e V  and a n  energy spread a t  t h i s  lowest energy of about 3 eV. 

The oxygen is  a d m i t t e d  d i r e c t l y  t o  t h e  ion ize r  of t h e  gun by way of a 

va r i ab le  l eak  valve.  For normal operat ing pressures  of *- 10 

(10 Torr) wi th in  t h e  gun, t h e  0 pressure  i n  the  vacuum chamber i s  

5 x Pa  ( 4  x Torr).  The maximum ion cur ren t  f o r  sus ta ined  operat ion 

-1 Pa 

-3 
2 
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of t h e  gun i s  O . l p A ,  and t h e  ion  beam diameter a t  t h e  t a r g e t  sur face  i s  

2 rum. W e  have determined the  composition of our ion  beam i n  another 

vacuum chamber where t h e  ion gun was  posi t ioned opposite a m a s s  spectro- 

m e t e r .  + + About 70% of t h e  beam i s  O2 and 30% 0 . 
The quadrupole mass spectrometer,  posi t ioned s o  t h a t  i t s  e l ec t ron  

bombardment ion ize r  is  only 3 cm from t h e  sur face  being bombarded by the  

oxygen ions,  d e t e c t s  t h e  atoms and molecules evolved from t h e  su r face  as 

a r e s u l t  of t h i s  bombardment. With t h e  m a s s  spectrometer set t o  de t ec t  

a given m a s s  number, t h e  ion beam i s  gated on and off  by a square wave 

vol tage  appl ied t o  t h e  focus e lec t rode  of t h e  gun, and t h e  modulated 

component of t h e  mass spectrometer output s i g n a l  i s  synchronously 

detected wi th  a lock-in amplif ier .  

Figure 2 shows t h e  carbon monoxide (CO) s ' ignal (mass 28) from 

pyro ly t i c  g raph i t e  f o r  an ion  energy of 93 eV. The l e f t -  and right-hand 

traces are, respec t ive ly ,  t h e  amplitude (A) and quadrature (Asin+) 

outputs of t h e  lock-in ampl i f ie r  as func t ions  of t i m e  recorded by a two- 

channel s t r i p  cha r t  recorder.  Each trace starts with a period of - 2 

minutes during which the  emission cur ren t  of t h e  e l ec t ron  bombardment 

ion izer  of t h e  gun is reduced t o  zero. This e s t ab l i shes  a zero s i g n a l  

base l ine  from which the ion-induced s i g n a l  can be measured. 

i s  then turned up ( t h e  "on" por t ion  of each t r ace )  f o r  about 3 minutes 

The emission 

and then reduced again t o  zero t o  check f o r  any base l ine  d r i f t .  

t h e  on t i m e ,  t h e  g raph i t e  t a r g e t  i s  being bombarded by a 50 Hz square 

pulse  ion cur ren t  with a 50% duty cycle. 

During 

The off-on displacement i n  t h e  A channel s i g n a l  t race  of Fig.  2 

corresponds t o  an increase  i n  CO pressure  a t  t h e  mass spectrometer of 

@ 3 x lo-' Pa(2 x Torr).  The background CO pressure  i n  t h e  vacuum 

2 



-7 system a t  t h e  t i m e  these  t r a c e s  w e r e  taken w a s  3 x 10 

Without t h e  use  of lock-in de tec t ion  techniques t h e  ion  bombardment 

induced CO s i g n a l  would be l o s t  i n  t h e  "noise" ( s t a t i s t i c a l  f l uc tua t ions )  

of t h e  s i g n a l  a r i s i n g  from t h i s  background CO. 

even f o r  atoms and molecules f o r  which the re  i s  a n e g l i g i b l e  background 

pressure,  s i n c e  one can use  the  v a r i a t i o n  i n  amplitude (A) and phase ($) 

with modulation frequency t o  e x t r a c t  information on t h e  chemical k i n e t i c s  

1 
involved i n  t h e  sur face  in t e rac t ion ,  

111. RESULTS 

Pa (2 x lo-' Torr). ,  

Lock-in de t ec t ion  i s  use fu l  

W e  have measured t h e  dependence on ion energy of t h e  oxygen ion  

induced GO s i g n a l s  from pyro ly t i c  g raph i t e  and Kapton.' 

CO s i g n a l  w a s  examined a t  energies  ranging from 4.5 t o  465 e V  and f o r  

Kapton from 4.5 t o  188 eV. While the  relative quantum y i e l d s  in fe r r ed  

from the  d a t a  are reasonably p rec i se ,  t h e r e  are l a r g e  u n c e r t a i n t i e s  i n  

the  absolu te  y i e l d s  because of t h e  assumptions necessary t o  convert our 

measured s i g n a l  s t r eng ths  t o  quantum y ie lds .  These assumptions are 

discussed i n  d e t a i l  i n  Ref. 2. Our b e s t  present  estimates are t h a t  t h e  

quantum y ie ld  (number of CO molecules evolved from t h e  su r face  p e r  

incident  oxygen ion)  f o r  graphi te  rises from 1.9 a t  4.5 eV t o  6.6 a t  

465 eV,  and f o r  Kapton varies from 1.6 a t  4.5 e V  t o  5 .1  a t  188 eV. However, 

as discussed i n  Ref. 2, t h e  energy wi th  which the  ions a c t u a l l y  a r r i v e  a t  

the  Kapton sur face  i s  q u i t e  uncer ta in  because of charging of t h e  in su la t ing  

. Kapton sur face  by t h e  oxygen ions and by e lec t rons  leaking from t h e  ion ize r  

of t h e  m a s s  spectrometer. W e  have considered poss ib le  systematic  e f f e c t s  

which would reduce these  y i e lds ,  and have concluded t h a t  i t  it  unl ike ly  

t h a t  they are less than t h e  given va lues  by more than a f a c t o r  of 4. While 

t h e  above y i e l d s  appear high, our Kapton da ta  seems t o  f i t  n i c e l y  t h e  curve 

For g raph i t e  t h e  
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f o r  r eac t ion  rate vs .  ion  energy in fe r r ed  by Ferguson from m a s s  loss da ta  

f o r  Kapton from a number of inves t iga t ions .  3 

The dependence of t h e  amplitude and phase of our s i g n a l s  on t h e  

frequency with which t h e  ion beam is modulated y i e l d s  information on t h e  

chemical k i n e t i c s  of t h e  surf ace interaction. '  B r i e f ly  s t a t e d ,  t h e  surf ace  

reac t ion  t i m e  l eads  t o  a decrease i n  A and an increase  i n  t h e  phase delay,  

9,  with increasing modulation frequency. The d e t a i l s  of t hese  v a r i a t i o n s  

i n  A and 0 can be compared with t h e  pred ic t ions  of var ious  models of t he  

sur face  i n t e r a c t i o n  t o  obta in  r eac t ion  rates. 

da ta  f o r  g raph i t e  and have submitted t h e  following a b s t r a c t  t o  t h e  33rd 

National Symposium of t h e  American Vacuum Society: 

W e  have obtained prel iminary 

RATE COETANTS FOR THE SURFACE INTERACTION OF LOW ENERGY OXYGEN 
* 

I O N S  WITH PYROLYTIC GRAPHITE C.C. Horton, T.G. Eck, R.W. Hoffman, 

Department of Physics,  Case Western Reserve Universi ty ,  Cleveland, Ohio, 

44106. 

The bombardment of py ro ly t i c  graphi te  and Kapton sur faces  by low 

energy oxygen ions r e s u l t s  i n  t h e  production of carbon monoxide (CO), 

Using a modulated ion  beam, w e  have measured t h e  magnitude and phase 

s h i f t  of t h e  CO s igna l ,  detected by a quadrupole m a s s  

func t ion  of t h e  modulation frequency of t h e  ion  beam. 

py ro ly t i c  graphi te ,  f o r  93 e V  ions inc ident  on a room 

spectrometer,  as a 

The d a t a  f o r  

temperature sur face  

and a modulation frequency va r i ed  from 30 t o  2000 Hz, c l e a r l y  ind ica t e s  

t h e  presence of two components i n  the  detected s igna l .  This i s  charac- 

t e r i s t i c  of a "branched process" sur face  chemistry i n  which t h e  r eac t ion  

proceeds along mul t ip le  paths. Approximately 80% of the  low frequency 

CO s i g n a l  arises from a slow component wi th  a ra te  constant of about 

500 sec-' ( t ime constant of 2 msec). The remaining 20% of t h e  s i g n a l  i s  
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assoc ia ted  with a process which has a rate constant a t  least t e n  t i m e s  

t h a t  of t h e  slow component. Detailed da t a  on py ro ly t i c  g raph i t e  and da ta  

f a r  Kapton w i l l  be  presented. 

* Supported by NASA grant  NAG 3-426 

Data f o r  t h e  i n t e r a c t i o n  of 93 e V  oxygen ions with Nomex, Kevlar, and 

Teflon have been obtained as p a r t  of an inves t iga t ion  of the materials used 

i n  t h e  cons t ruc t ion  of t h e  t e t h e r  f o r  the f i r s t  electrodynamic te thered  

sa te l l i t e  mission. For Nomex w e  see s igna l s  a t  mass numbers 1 4 ,  15, and 

26 (which we a t t r i b u t e  t o  N, NH, and CN) with quantum y i e l d s  of ,W 0.5. For 

Kevlar t h e  y i e l d s  f o r  these  m a s s  numbers are 

s i g n a l  a t  m a s s  19 ( a t t r i b u t e d  t o  F) w i th  a y i e l d  of 

( a t t r i bu ted  t o  CF) with a y i e ld  of 0.4. 

I V .  PLANS FOR THE FUTURE 

This work i s  continuing with t h e  support of NASA Grant NAG 3-696. 

0.2. For Teflon w e  see a 

0 .1  and one a t  m a s s  31 

We plan t o  

(1) obtain d e t a i l e d  d a t a  f o r  t h e  dependence on modulation frequency of 

t h e  CO s i g n a l s  from graphi te  and Kapton a t  93 e V  and 10 e V  ionenergy, 

(2) look f o r  and inves t iga t e  s igna l s  from Kapton a t  o ther  m a s s  numbers, 

(3) examine t h e  e f f e c t s  of sample heat ing and u l t r a -v io l e t  i r r a d i a t i o n  

on t h e  ion-induced s igna l s ,  

( 4 )  extend our inves t iga t ion  of oxygen ion i n t e r a c t i o n  with sur faces  t o  

r e f r a c t o r y  metals by looking f o r  t h e  production of v o l a t i l e  oxides 

of tungsten and molybdenum. 
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Figure Captions 

Figure 1. Schematic of apparatus:  (A) i o n  gun, (B) m a s s  spectrometer,  

(C) c y l i n d r i c a l  mirror  analyzer , (D) sample carousel.  

Recorder traces f o r  the CO s i g n a l  from g raph i t e  f o r  an ion  

energy of 93 eV,  cur ren t  of 0 .1  PA, modulation frequency 

of 50 Hz, and lock-in t i m e  constant  of 4 sec. 

Figure 2. 
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