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CITRA SAFE@ 

CITRA SAFE is an ultra safe industrial solvent produced from all natural, non- 
petroleum distillates.. CITRA SAFE is far safer to work with than chlorinated . 

petroleum solvents. 

CITRA SAFE exhibits no toxic properties, has no threshold limit value or 
Permissible Exposure Limits imposed upon its usage in the work place and has 
no carcinogenic properties. 

CITRA SAFE is literally a biodegradable solvent replacement for mineral 
spirits, thinners, and chlorinated solvents. The use of CIT.RA SAFE reduces 
risks of hazardous chemical spills, eliminates most hazardous waste disposal 
costs, and reduces the health hazards associated with petroleum solvents. 

CITRA SAFE removes tough greases, oils, tars, and other contaminates from 
metals, painted surfaces, ceramic, fiberglass, and many plastics. It is also 
effective in removing some glues, and resins, and can be used to remove oil 
based stains from carpets and upholstery. Its ability to evaporate totally after 
use makes CITRA SAFE an ideal replacement for.hazardous chlorinated . 

solvents in cleaning electrical parts and apparatus. Its ability to safely clean . 
polyethylene grease and "Icky Pik" from flooded telephone cables and semi- 
conductors has made CITRA SAFE the solvent of choice for many telephone 
and power utilities. 



Inland Technology Incorporated has initiated a thorough search of the avail- 
able scientific literature regarding our product CITRA SAFE. Our product 
CITRA SAFE is technically identified as 95% D-Limonene and is a 100% 
citrus derivative. All health data and test results pertaining to D-Limonene will 
also quite equally pertain to our product CITRA SAFE. 

* F.E.M.A. (Flavoring Extract Manufacturer’s Association) has assigned 
G.R.A.S. (Generally Recognized as Safe) status to D-Limonene. 

* D-Limonene is approved by the F.D.A. (regulation 21 CFR section 182.60) 
for food use. 

* N.F.P.A. rating of health hazards associated with products of combustion is 
“0”, the safest rating assigned. 

* O.S.H.A. does not limit exposure and has established no permissible 
exposure limits on the materials. 

* A..C.G.LH. has not established a threshold limit value on the product. 

This material is not listed in N.T.P., I.A.R.C., or O.S.H.A. directories of 
carcinogenic materials. 

In addition, our product, CITRA SAFE does not contain any hazardous 
components as defined in 29 CFR 1910. 

A systematic review of the literature indicates that acute over exposure may 
cause temporary irritation of the eyes and mucous membranes. Chronic over 
exposure may produce localized dermatitis in some sensitive individuals. 
Prolonged over exposure has caused mild photosensitivity in some individu- 
als. 

This research of the available literature has reinforced our belief that CITRA 
SAFE is an ideal safe substitute for toxic petroleum distillates in most 
applications. 
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San Diego Gas and Electric has, like many utilities, been 

engaged in a carefully structured search for a suitable 

alternative fo r  1,1,1 Trichloroethane. 

During their search they examined and tested over 24 

different proposed substitutes. Only six materials made it 

through initial screening to be subjected to the full batter 

of tests. 

Of the six materials, only one was deemed satisfactory in 

terms of volatility, lack of residue, lack of damage to 

components, and in terms of. environmental and human safety. 

The clear winner, according to these tests, was the product 

CITRA SAFE, by Inland Technology Incorporated of Tacoma, 

Washington. 

The results of this testing were shared with the members 

of the Western Underground Committee at their January 1991 

meeting in Pleasanton, California. 

San Diego Gas and Electric's test results are included in 

the following pages. 
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1,1,1 TRICHLOROETHANE ALTERNATIVE SOLVENT S T U D Y  

As part of the Company's ongoing effort to minimize the use of 
1,1,1 trichloroethane, the Materials Analysis Laboratory received 
six samples of materials for evaluation as electrical cleaning 
solvents. The samples Were identified as 4tTekusolv'1 , f'Voltztt , 
"Citra-Safe" , "EPA 2000" , "Attack4t and IfpF 32". The six samples, 
along with 1,1,1 trichloroethane (TcA), were subjected to several 
tests and the results compared with the trichloroethane's 
performance. The test regimen is described below. 

Test DescriDtion 

Nine analyses were selected to evaluate the solvents as 
candidates for electrical components cleaning materials. 
tests were: Liquid Dielectric Value; Tracking, or Residue 
Dielectric Value; Flash Point; Volatile Evaporation Rate; 
Volatile/Non-Volatile Content; Solvent Absorption by PVC Cable 
Jacket; Effect on Semiconductor Adhesion to Insulation; Effect on 
Semiconductor Mechanical Strength and Effect on Semiconductor 
Volume Resistivity. The personnel safety aspect and the - 
environmental/disposal implications were previously evaluated by 
the Safety Department and the Environmental Department, 
respectively. Individual tests are described below with test 
results summarized in Attachment 1. 

Those 

The Liquid Dielectric Value test measured the dielectric value of 
the solvent prior to any significant evaporation of volatiles 
(dielectric value is a measure of a material's ability to 
withstand electrical stress). Two electrodes, separated by a 
space of approximately 1 / 4 " ,  were immersed in approximately lOOml 
of solvent. 
until the circuit was completed by current crossing to the 
opposite electrode. 

The Tracking, or Residue Dielectric Value test was performed on 
the non-volatile portion of the solvent (for this evaluation, 
non-volatiles were defined as the material remaining after 2 4  
hours of open dish evaporation in a fume hood). Electrodes, 

Increasing voltage was applied to one electrode 



approximately 2" apart, were 
placed in the residue. A s  in 
the previous test, voltage was 
applied until the circuit w a s  
completed. The dielectric 
value of the residue was 
compared to the dielectric 
value of the dish before 
solvent addition and 
subsequent volatile 
evaporation. Figure 1 is a 
graph of the test results, 
with the dielectric value of 
the dish before solvent 
addition normalized to 100%. 

The F l a s h  P o i n t  of a solvent 
is a neasure of the material's 
tendency to form a flammable 
mixture with air. It can 
indicate the possible presence 
of highly volatile and 
flammable materials 
in a relatively nonvolatile or 
nonflammable mixture. The 
test w a s  performed by placing 
a measured.anount of solvent 
in a Pensky-Martens Closed Cup 
tester. AS the sample was' 
heated, a small flame was. 
periodically directed into the 
cup. The flash point was 
measured as the lowest 
temperature at which the vapor 
was ignited by the flame. 
Figure 2 is a graph of the 
flash point test results. 

f 
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The Volatile Evaporation Rate 
test was performed by placing 
4ml of solvent in a culture 
dish, then placing the dish in 
a fume hood to aid 
evaporation. The dish was 
periodically weighed during a 
24 hour period. Figure 3 
illustrates the evaporation 
rate curves (to make the graph 
more easily readable, only the 
first 20 hours of evaporation 
are plotted). For comparison, 
the evaporation curve of water 
is also illustrated. I n  the ' 

-2- Octobe r  17, 1990  

Residue Dielectric (Tracking) 
0ielec:ric chance before Solvent added 

and zflcr 24 hour evaporation period 

eelore Sohrnt Added a Non-Volaliler 
1 

.no% - *a C h . C C .  FiGURE 1 

Solvent Flash Point 

Temperzture (deGrees F) 
200 

180 

160 

140 
120 
100 
80 

60 
4 0  

20 
0 

FIGURE 2 

Evzporation Azte 

0 1 2 3 L 5 0 7 8 9 10 l l-- lZ 13 14 15 10 17 18 :9 70 
Time (MUIS) 

FIGURE 3 



- 3  - O c t o b e r  17, 1990 

t a b l e  i n  A t t a c h m e n t  1, t h e  
v o l a t i l e  evapora t ion  r a t e  is 
e x p r e s s e d  i n  grams/hour. 

The Vo l a  t i 1 e / N o n - V o  la t i 1 e 
c o n t e n t  w a s  incasured by 
comparing t h e  sample weight a t  
t h e  s t a r t  of t h e  above 
Evapora t ion  R a t e  t e s t  with t h e  
w e i g h t  of t h e  sample at t h e  
end  of t h e  2 4  hour  Evaporation 
R a t e  t e s t .  (As previously 
ment ioned ,  for t h i s  eva lua t ion  
t h e  n o n - v o l a t i l e  conten t  was 
d e f i n e d  a s  t h e  ina t e r i a l  
r ema in ing  a f t e r  2 4  hours  of 
open-d isn  e v a p o r a t i o n ) .  The 
we igh t -pe rcen t  of t h e  
v o l a t i l e s  and non-vola t i les  
was t h e n  c a l c u l a t e d .  Figure 4 
is a g r i p h  i l l u s t r a t i n g  t h e  
t e s t  r e su l t s .  

The Solvent Absorpt ion by 
Cable Yacket w a s  measured by 
p l a c i n g  a ye-we ighed  1" by 1'' 
coupon of PVC cable j a c k e t  i n  
a so lven t  for 2 4  hours.  Upon 
removal, t h e  coupon ' s  ex te r ior  
was dried before reweighing. 
The t w o  we igh t s  ' w e r e  then 
compared.. F i g u r e  5 
i l l u s t r a t e s  t h e  t e s t  r e s u l t s .  

The Effect on Semiconductor 
Adhesion w a s  d e t e m i n e d  by 
first measuring t h e  adhesion 
s t r e n g t h  to t h e  i n s u l a t i o n  on 
a sample  of $2 c a b l e .  The 
cable sample w a s  t h e n  imersed 
i n  a s o l v e n t  for 1 hour. 
Fo l lowing  a 24 hour  drying 
t i m e  a t  9 O O c  a n d  a c o o l  down 
period, the adhesion s t r e n g t h  
w a s  a g a i n  measured and t h e  
v a l u e  compared t o  t h e  before- 
immersion v a l u e .  Figure 6 
i l l u s t r a t e s  the t e s t  r e s u l t s .  

The Effect on Semiconductor 
Mechanical S t r e n g t h  was 
measured u s i n g  the p u l l  s t r i p s  
derived from t h e  above 
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A .  1-1. A r c h e r  -4- 

semiconductor  a d h e s i o n  t e s t .  
The semiconductor samples, a 
s t r i p  before s o l v e n t  immersion 
a n d  a n o t h e r  s t r i p  a f t e r  
drying, were t e s t e d  o n  a 
t e n s i l e  tester a t  a crosshead 
speed of 2 0  inches/minute .  

A s o l v e n t ' s  E f f e c t  on 
Semiconductor  Volume 
R e s i s t i v i t y  w a s  measured t o  
d e t e r n i n e  if t h e  
c o n d u c t a n c e l r e s i s t a n c e  
p r o p e r t i e s  o f  t h e  
semiconductor  w e r e  changed by 
s o l v e n t  exposure .  T h i s  was 

October 1 7 ,  1990 

Solvent Effect on Semicon Resistivity 
Resistivity c h t n E c  before after 1 hour 
solvent immersion and drying sequence 

i. C h i w e  lo r e a l s l l v i l y  

1 U  l..\u.rlr Vctt i  Clti . -3rt .  €PA 1COO Attack PF 32 

Eelore lmncriicn Afler Immersicn 

determined-  by ineasuring t h e  loo% - 10 Ch.%. FIGURE 7 
volume r e s i s t i v i t y  both  b e f o r e  
and  A f t e r  s o l v e n t  immersion 
and  a 2 4  hour  d r y i n g  pe r iod  a t  
90OC. F i g u r e  7 is a graph o f  t h e  t e s t  r e s u l t s ,  w i t h  t h e  volume 
r e s i s t i v i t y  of t h e  semiconductor b e f o r e  s o l v e n t  a d d i t i o n  
nor ina l ized  t o  100%. 

Summarv 

I t  s h o u l d  first be mentioned t h a t  none of t h e  a l t e r n a t i v e  
s o l v e n t s  tested is a direct  s u b s t i t u t e  for 1,1,1 t r i c h l o r o e t h a n e  
(TCA). These s o l v e n t s  a r e  chemically d i f f e r e n t  from TCA and t h u s  
o f t e n  e x h i b i t  d i f f e r e n t  p r o p e r t i e s .  
e v a l u a t e  t h o s e  d i f f e r e n t  p r o p e r t i e s  i n  t h e i r  r e l a t i o n  t o  
e lectr ical  components c leaning .  

W i t h  o n e  e x c e p t i o n ,  no s i g n i f i c a n t  d i f f e r e n c e s  e x i s t  between TCA 
and t h e  tested so lvents  from a l iquid dielectric and r e s i d u e  
dielectric s t a n d p o i n t .  That  excep t ion  is t h e  l iAttackl '  s o l v e n t  
(see Attachment  1 and Figure  1). A s  can  be s e e n  t h e  Attachment, 
t he  l i q u i d  dielectric va lue  w a s  6KV (approximate ly  8 4 %  less t h a n  
TCA) and  t h e  t r a c k i n g  t e s t  a l so  e x h i b i t e d  a s i g n i f i c a n t  r e d u c t i o n  
i n  d i e l e c t r i c - v a l u e .  Because of these low values, it is 
recommended t h a t  t h i s  s o l v e n t  n o t  be c o n s i d e r e d  f o r  e lec t r ica l  
components c l e a n i n g .  

T h i s  s tudy  a t t empted  t o  

None of t h e  s o l v e n t s  e x h i b i t e d  s i g n i f i c a n t  e f f e c t s  on 
semiconduc to r  adhes ion  and semiconductor  mechan ica l  s t r e n g t h .  
S-22 F i g u r e  6 and  t h e  Attachment. 

:-v!iyared t o  TCA, which has no f l a s h  p o i n t ,  a l l  t h e  a l t e r n a t i v e  
s o l v e n t s  e x h i b i t e d  a s i g n i f i c a n t  r e d u c t i o n  i n  f l a s h  p o i n t  
t e m p e r a t u r e s  (see t h e  Attachment and F i g u r e  2 ) .  These 
c o m p a r a t i v e l y  low f l a s h  p o i n t  t empera tu res ,  i . e . ,  approximately - 
120°F-1400F, w i l l  probably n o t  p r e s e n t  a s a f e t y  problem, however. 
(The S a f e t y  Department should  be c o n s u l t e d  f o r  t h e i r  f i n a l  
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1 approval in this area.) 
I 

None of the tested solvents caused significant change in the 
semiconductor volume resistivity (see Attachment 1 and Figure 7 ) .  

There were significant differences displayed i n  the Volatile 
evaporation rate and the volatile/non-volatile content tests. 
TCA evaporated relatively quickly and left no measurable residue 
in this evaluation. The other solvents evaporated much more 
s lowly  and left measurable residues. Using water as a reference, 
all the alternative solvents but one'(Citra-Safe) evaporated more 
slowly than water would when applied to a surface using the test 
conditions i n  this evaluation (see Attachment 1, Figures 3 and 4 
and the applicable test discussions). 

The Disposal Costs comments and Personnel safety Considerations 
comments in Attachment 1 were derived from evaluations by the 
Environmental Department and Safety Department, respectively. 

Due to its relatively rapid evaporation rate as compared with the 
other alternative solvents, its low non-volatile content, minimal 
disposal costs and favorable dielectric quality, it is 
recommended that Citra-Safe be submitted to the Kearny Electric 
Shop for their evaluation. The Safety Department, however, 
should be specifically consulted about the relatively low flash 
point of this product (125'F in the SDG&E evaluation, 113'F 
according' to the product's Material Safety Data Sheet). 

S. W. Hale 
Extension 4995 

Attachment 

cc: B. I. Heramb 
G. E. Lehmann 
T. M. Reguly 



ATTACHMENT 1 

LiGuid Oieiectric VaIUC (m) 

2 Chnge in Die lec t r i c  on a Surface 
Due to Residue (Tracking) 

F \ ~ s h  Poinr (degrees F )  

'.'ctarile Evaporation i la te  (graw/hour)  

Kcn-Volatile Content 

Solvent Absorption by Jacket 

E f f c c :  on Smiconduc:or Adhesion 

E i i e c t  cn Semicooductor Hechanical Strength 

EfSecz on Semiconducror Volcme Reiisrivity 

Cispsal Costs as Oetermined by the 

I 
1 Environnental DeparKmnt ( S / d r m )  

;crscnnet Safety Considerations as 
determined by the Safety Qeprtrent 

-3: 

Hone 

20.61 

OX 

8 . 2 X  

-SZ 

sszs 

note 

- 13X -2x - l X  -2% '. -38X 

13s 1co 12s 140 124 

0.03 0.08 0.14 0.09 0.10 

65Z 50: 0.1X c o x  1i-X 

1-n 1.K 6.SX 1.n S.6Z 

KO significant effect dispcayed by any solvent 

No significznt effect displayed by any solvent 

-R: -:ox +11x - 4 x  -4% 

$300 $300 so.oos S O 0  s0.00' 

note note ' note note note ' 

+lo% 

124 

0.11 

11% 

3.2% 

- S X  

S300 

note ' 

' S i n c e  material p-urports itself n o t  to c o n t a i n  petroleum 
p r o d u c t s ,  d i s p o s a l  i n  l o c a l  l a n d f i l l  v i a  r e g u l a r  trash cans  
s h o u l d  s u f f i c e  f o r  d i s p o s a l ,  

' Personne l  s a f e t y  c o n s i d e r a t i o n s  for t h e  tested s o l v e n t s  include 
t h e  f o l l o w i n g  : I 

A. For minimum exposure,  a11 pe r sonne l  r e q u i r e d  t o  w e a r  
g o g g l e s / s a f e t y  glasses and n i t r i l e  g loves .  

€3. For  moderate exposure,  a l l  personnel  r e q u i r e d  t o  use a 
r e s p i r a t o r  w i t h  o r g a n i c  vapor c a r t r i d g e s ,  goggles/safety 
glasses, n i t r i l e  gloves, boots  and a s u i t / a p r o n -  I 

I 

I 

C. 
1,1,1 t r i c h l o r o e t h a n e ,  moderate t o  severe exposure  
levels  c o u l d  occur  m o r e  qu ick ly  than  t h e  a l t e r n a t i v e  
s o l v e n t s  i n  t h e  even t  of a l a r g e  spill. 

D. O t h e r  c o n t r o l s  r e q u i r e d  a r e  moving a i r  ( n a t u r a l  o r  
m e c h a n i c a l ) ,  no i g n i t i o n  sources  and no contact w i t h  
o x i d i z e r s .  Add i t iona l ly ,  Voltz and Tekusolv r e q u i r e  a 
s t o r a g e  area w i t h  a temperature  range  of oo - looo  F. 

Due t o  t h e  r e l a t i v e l y  r a p i d  evapora t ion  r a t e  of 

N o  p e r s o n n e l  s a f e t y  information given due t o  absence  of 
completed Product Approval Request, 
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The Elastimold Division of Eagle Industries is a manufacturer of 

conductive connectors and components for the Electrical Power 

Transmission Industry. 

Elastimold conducted an extremely careful series of tests on 

nearly twelve serious solvent substitution contenders for 1,1,1 

Trichloroethane as it is used for component cleaning in their industry. 

In all of these rigorous tests, the product identified as product 

"B" perf onned better than any of the non-halogenated materials tested. 

The accompanying letter f Tom Elastimold identifies product "B" as CITRA 

SAFE by Inland Technology Incorporated, Tacoma, Washington. The actual 

test results are included following the letter from Elastimold. 



Route 24. H x k C l l S l O w n .  “J Jersey 07040 USA 
(908) 852.1122 FAX: (908) 852 GI50 

Oecember 18, 1990 

Mr. Joe Lucas 
I n  I and 
2612 Pac i f i c  Highway East 
Tacoma. W A  98424 

Dear Joe: 

A s  you reques ted ,  I am sending you with t h i s  l e t t e r  a copy of  the paper  
I de l ivered  a t  the 1389 TgO Meeting, i n  New Orleans ,  on the  e f f e c t s  o f  
various so lven t s  on connector  and cable  s h i e l d  n i a t e r i a l s .  For your  
information,  C i t r a -Sa fe  i s  so lven t  “13“ i n  Table I on the  second page O f  
the paper.  

A s  I mentioned t o  you, we have s ince  t e s t ed  a d d i t i o n a l  s o l v e n t s  and  a r e  
now i n  t h e - p r o c e s s  of  t e s t i n g  molded p a r t s  w i t h  a number o f  Solvents .  
This occasioned my r eques t  f o r  a n  additional ga l lon  o f  Ci t r a -Sa fe .  

I w i l l  be p re sen t ing  ou r  most recent  r e s u l t s  a t  t he  Western Underground 
Meet ing,  on January  24 o r  25, fn  P l e a s a n t o n ,  C a l f f o r n j a .  

Thanks f o r  your he lp  i n  providing the sample f o r  our  t e s t s .  

S ince re ly  yours, 
-7 

Donald - 0. Perry L.T- 
Manager Mater ia l  Sc iences  

Attachment 

/peh 
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EFFECT OF DEGREASING SOLVEHTS 
ON CONDUCTIVE AND SEilICONDUCTIVE 

SHIELD COHPOUNDS, AND OH THE 
ELECTRICAL PERFORHRHCE OF WLDED CONNECTORS 

P r e s e n t e d  t o  t h e  W e s t e r n  Underg round  Committee 
J a n u a r y  23-24, 1991 

San Ramon, CA 

0.0. P e r r y  a n d  J . P .  Bolcar 
Elas t imold  D i v i s i o n ,  Eagle I n d u s t r i e s  
H a c k e t t s t o w n ,  N.J. 



Most solvents t ha t  a re  e f f e c t i v e  in  c leaning and 

degreasing cable  and molded connectors a l s o  t e n d  t o  swell 

t h e  EPDM and EPR rubber used i n  conductive j acke t s  and 

s h i e l d s .  (They have l i t t l e  e f f e c t  on polyethylene) .  This 

swel l ing  ac t ion  tends t o  disrupt  the carbon chains t h a t  

are responsible  f o r  the conductivity of these mater ia l s .  

The degree t o  w h i c h  the conductivity i s  reduced depends 

on seve ra l  factors :  (1) the time o f  exposure t o  the s o l v e n t ,  

' ( 2 )  t h e  v o l a t i l i t y  of  the solvent,  and t h e  time e laps ing  

after t he  solvent  i's removed. 

The solvents  employed i n  this study a r e  l i s t e d  i n  Table 

T A W  I 
PROPERTTFS~~SLYW~ 

Solvent  

A 

8 ,  

C 

0 

E 

F 

C 

H 

I 

J 

Lfmnene 

Speciflc 
Crivi ty 

1.385 

-860 

.a41 

.760 

.801 

H/A 

.77 

f82 

1.33 

0.784 

.840 

7:- 122 

171 

178 

193-221 

166 

H/A 

185-216 

127 

4 3  

188- 193 

176 

Flash 
Pt.(OFl Appearance. etc. Oescription 

Hone VdtCr White 1.1.1-trichlorethane/ 

150- Ye1 1 ow-amber 90: 1 imonene 

122" Yiter White EsSentidlly pure 

144" U a t e r  White Citrus-petroleum 

205" Orange Ci trus-petroleum 

perchloroethylene (75 /25)  

1 imonene 

sol yen t blend 

distil late 

H/A Pale Yellow Ci trus-petroleum 

146.' Water Yhite Hydroc Arbon- te rpene 

solvent blend 

blend 

100-105'- Urter  White Alcohol-terpefle 
blend 

Hone Urter Yhlte F 1 uorocprbon 1.1.3 

147" Uater  Yhlte 

12P' Clear. Water Haturrl terpene 

C f t rus-pe tro ieum 
solvent blend 

Yhlte 

* Cleveland Open Cup 

c1 Closed cup (TAG) - Closed cup 
(Penns ky-Hartens ) 
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along w i t h  t he i r  key p rope r t i e s  and some desc r ip t ive  

information. Solvents A-F were included i n  the  or ig ina l  

study, while G-J were evaluated l a t e r .  Items o f  i n t e r e s t  

a r e  the boi l ing  poin ts ,  which r e f l e c t  r e l a t ive  v o l a t i l i t i e s ,  

and f l a sh  poin ts .  All the hydrocarbons a r e  rated a s  

"combustible" mater ia l s  ( f l a s h  points ,  100-200"F) a s  i s  

solvent H .  T h u s ,  the low t o x i c i t y  and environmental bene f i t s  

o f  these so lvents  a re  paid f o r  t o  a cer ta in  ex ten t  by the 

f ac t  t h a t  they a r e  a l l  combustible mater ia ls .  

Of the newer so lvents  tes ted ,  G and J a r e  

citrus-petroleum blends,  H i s  a blend o f  an alcohol and 

a terpene de r iva t ive ,  and I i s  a Freon type 

(chlorofluorocarbon).  A 1  though I i s  non-flammable, r e l a t i v e l y  

non-toxic, and a good cleaning solvent ,  i t  belongs t o  t h a t  

c lass  o f  m a t e r i a l s ,  the chlorofluorocarbons,  t h a t  a r e  being 

heavily taxed and whose manufacture and use i's being phased 

out world-wide due t o  t h e i r  damaging e f f e c t s  on the ozone 

layer. 

B. Conductive Shield Mater ia ls  

The conductive j acke t  compound used i n  the s lab  tests 

was a peroxide-cured EPDM. I n  addi t ion,  two semiconductive 

cable sh i e ld  ma te r i a l s  were t e s t e d ,  an E P R  j a c k e t  from a 

15kV 1/0 175 m i l  s tranded aluminum cable ,  and an XLPE j a c k e t  

from a s i m i l a r  type of  cable .  These mater ia l s  had r a t ed  

maximum volume r e s i s t i v i t i e s  of 5,000 ohm-cm under ambient 

conditions.  
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C .  Test Procedure 

Volume res i s  t i  v i  t y  measurements were made by the 

v o l  tage/current  method u s i n g  the arrangement shown i n  Figures 

1 a n d  2 .  Samples  o f  conductive mater ia l s  were c u t  i n t o  

one-inch wide s t r i p s .  The EPDII material was 40 mi ls  t h i c k ,  

while the E P R  a n d  XLPE cable shields  were between 28 and 

34 mils. A s  shown in Figure 2 ,  a current  of 100 microamperes 

was passed between two electrodes clipped t o  the sample 

s t r i p  three  inches aoz r t .  Voltage drop ac ross  the sample 

was measured between two f i n e  wire e l ec t rodes  a t tached  t o  

the underside of  the sample one inch a p a r t .  Volume 

r e s i s t i v i t y  was calculated from the voltage drop ,  the known 

c u r r e n t ,  and the sample dimensions. A one square-inch area 

o f  the  conductive rubber s t r i p  was enclosed by a l i q u i d - t i g h t  

Teflon dam. Solvent (2.51~1) was placed ins ide  the dam cav i ty  

and allowed t o  remain in contact  with the rubber f o r  15 

minutes. Resistance measurements were made p r i o r  t o  addi t ion  

of t he  so lven t ,  then a f t e r  addi t ion of the s o l v e n t s ,  about 

every f i v e  minutes f o r  the f i r s t  15 m i n u t e s ,  a f t e r  which 

measurement in t e rva l s  were increased. 

... : 
.- .. . 

I X Q I P I .  1 FIGURE 2 
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0 .  Results of T e s t s  on S l a b  Samples 

The e f f e c t s  of  t h e  various solvents  on the connector 

jacket  samples a n d  two cable s h i e l d  mater ia l s  a r e  shown 

i n  Tables I 1  - IV a n d  i n  graphical f o r m  in Figures 3 - 13. 

The curves obtained on the EPDI.1 and E P R  samples a l l  show 

the same general features:  ( 1 )  a n  i n i t i a l  r i s e  in volume 

r e s i s t i v i t y  as  the solvent penetrates  i n to  the  rubber. 

This r i s e  continues even a f t e r  removal of  the so lvent ;  ( 2 )  

a decrease i n  volume r e s i s t i v i t y  as  the solvent evaporates ,  

and (3)  a level ing o f f  a t  some vglue which va r i e s  with 

each type of solvent tes ted.  I n  many cases the f ina l  value 

i s  a t  o r  below the i n i t i a l  level of  r e s i s t i v i t y .  The only 

exception t o  t h i s  behavior was solvent I (Freon type)  which 

does not swell the rubber and therefore  has l i t t l e  e f f e c t  

on i t s  volume r e s i s t i v i t y .  

In the case of cross-l inked polyethylene, the solvents  

general y had l i t t l e  e f f e c t  on the volume r e s i s t i v i t y  (Figures 

11 - L3). This i s  because polyethylene, which is  a 

semi-crys ta l l ine  polymer, i s  n o t  at tacked by most solvents .  

Solvent J had somewhat more of an e f f e c t  on the XLPE samples 

t h a n  d id  the o t h e r  solvents ,  b u t  did not approach the changes 

occurr ing with EPDM and EPR. 

I f  we were to  r a t e  these solvents  i n  o rder  o f  t h e i r  

increasing e f f e c t s  on the conduct ivi ty  of the EPDM and EPR 

ma te r i a l s ,  they would be ranked as  follows: 

- 5 -  
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(1) Solvent A - Chlorinated so lvent .  

This  solvent exhibi ted the lowest maximum volume 

r e s i s t i v i t y  a n d  more rapid and  complete recovery o f  

conduct iv i ty  

( 2 )  Solvents  8 a n d  C - Essen t i a l ly  pure limonene. 

These solvents  showed a higher maximum volume r e s i s t i v i t y  

and slower recovery, b u t  eventua l ly  re turned to  leve ls  

o f  conduct ivi ty  approximating the i n i t i a l  va lues .  

( 3 )  Solvents  0, E ,  F ,  G and J - Cit rus  ( o r  o t h e r  terpene)  

- petroleum blends. 

These so lvents  showed considerable va r i a t ion  i n  behavior,  

w h i c h  probably r e f l e c t s  d i f f e rences  in  their  composition. 

Solvents  E ,  F and  J took longer t o  reach t h e i r  maximum 

r e s i s t i v i t y  values and leveled of f  a t  considerably 

above t h e i r  i n i t i a l  values of volume r e s i s t i v i t y .  

I t  i s  believed t h a t  these  solvents  conta in  higher 

propor t ions  o f  high boi l ing  hydrocarbons t h a n  do B ,  

C ,  0 and G, SO t h a t  even a f t e r  a cons iderable  period 

o f  time, some so lvent  i s  s t i l l  re ta ined i n  the rubber. 

T h i s  phase of the inves t iga t ion  showed the following: 

. A l l  the so lvents  t e s t ed  a f fec ted  the conduct iv i ty  

o f  t h e  rubber samples t o  some degree,  b u t  had l i t t l e  

e f f e c t  on polyethylene. 
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_' The so lvents  varied i n  the degree t o  which they 

decreased the  conduct ivi ty  o f  the rubber,  a s  shown 

by the r e l a t ive  peak  values of volume r e s i s t i v i t y ,  

the recovery times, a n d  the degree of recovery they 

exhibited.  It should be noted, however, t ha t  a t  

no time did any sample become insu la t ing .  

. Final ly ,  based on the t e s t s  on s lab  samples of sh ie ld  

mater ia l s ,  i t  can be concluded t h a t  a l l .  o f  these 

sol vents a re  acceptable f o r  use a s  

cleaners/degreasers,  i f  properly used. This means 

tha t  the following general procedure should be  

followed: 

(1) Par t s  should not be immersed i n  solvent ,  and 

solvent  should not be poured ins ide  a connector. 

( 2 )  Cable and connector i n t e r f aces  should be cleaned 

by w i p i h g  with a solvent-soaked c l o t h ,  then 

wiped w i t h  a clean c lo th .  

E .  Tests on Molded P a r t s  

The next  phase  of the invest igat ion involved exposing molded 

connectors t o  solvents  and evaluat ing the r e s u l t a n t  e f f e c t s  

on -the e l e c t r i c a l  performance of the connectors. I t  was 

decided t o  look a t  th ree  principal areas:  

. The e f f e c t  on the conduct ivi ty  of the sh ie ld ,  

. 

. T h e  e f f e c t  on the loadbreak mechanism. 

The e f f e c t  on connector in te r faces  (e.g. elbow-bushing), 
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(1) Effect on  Shield Conductivity 

This was invest igated using a small Elastimold sp l ice .  

Spl ices  were immersed f o r  15 minutes in the f ive  

representat ive solvents .  The sp l i ce  ends were plugged 

u p  to prevent solvent  from ge t t i ng  i n s i d e  the sp l ice ;  

They were then tes ted  in  accordance with I E E E  Standard 

592. 14ost of  the r e s i s t ance  measurements were made 

using a d i r e c t  res i s tance  measurement, ra ther  than 

the current-vol tage measurement spec i f ied  i n  IEEE 592. 

This was done because of  the complications envisioned 

in clamping four  contac ts  on the c y l i n d r i c a l  sp l ice .  

However, as a check, i n  one case (Solvent 8 - limonene 

type)  the measurements were made by both methods. 

These r e s u l t s  a r e  shown i n  Table X .  Although the r e s u l t s  

obtained by the four  wire (vol tage-cur ren t )  method 

were lower, the behavior i n  both cases  was s imi la r ,  

and the  5,000 ohm l i m i t  was not  even approached i n  

e i t h e r  instance.  The r e s u l t s  f o r  the var ious  solvents  

a r e  shown in Tables V - X.  Although these  solvents  

d id  cause a reduction i n  conduct ivi ty ,  i n  no case did 

the  res i s tance  approach the maximum value  of 5,000 

ohms permitted by the Standard. 

Some poin ts  of i n t e r e s t  regarding these r e s u l t s  

a r e  as  follows: 



I n  general ,  there  was much l e s s  o f  a n  e f f e c t  

on the sp l ice  shield t h a n  on the 30-40 mil 

s lab samples tes ted i n  the f i r s t  p a r t  o f  the  

study. This i s  a t t r ibu ted  t o  the much g rea t e r  

thickness of the spl ice  shield (approximateiy 

125 mi l s ) .  To confirm t h i s ,  a n  experiment 

was r u n  in w h i c h  the sp l i ce  was immersed in 

l , l , l - t r i ch lo roe thane  f o r  an  hour instead of  

15 minutes. 1; t h i s  case ,  the r e s i s t ance  rose 

t o  2,210 ohms, compared t o  1,800 ohms, and 

i t  took much longer to  return t o  the i n i t i a l  

level of 1,210 ohms. (1400 vs. 382 minutes 

- Tables V and VI). 

. Trichloroethane, due t o  i t s  high v o l a t i l i t y ,  

showed the most r a p i d  recovery of  conduct ivi ty .  

. While the other  solvents (0 ,  G and H )  d i d  ‘not 

increase the resis tance any more than did 

tr ichloroethane, the e f f e c t  tended t o  l a s t  

much longer: 7202 minutes f o r  Solvent G ,  f o r  

example, vs. 382 minutes f o r  t r ich loroe thane .  

T h i s  r e f l ec t s  the presence of higher  boi l ing 

components i n  these solvents.  

( 2 )  Fau l t  Current In i t i a t ion  Test 

The second pa r t  of the t e s t  of solvent  e f f e c t s  on s p l i c e s  

involved measuring the a b i l i t y  of the p a r t s  t o  i n i t i a t e  

a f a u l t  current .  The r e su l t s  obtained a r e  q u i t e  

prel iminary,but  may be indicat ive of t r ends  t h a t  a r e  

worthy o f  fu r the r  invest igat ion.  
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Fiv'e solvents were evaluated: A , B , D , G ,  and H.  An 

untreated p a r t  was used a s  a control .  The procedure 

used was as f o l l o w :  

Parts  were immersed in  solvent f o r  15 minutes, as - 

described above f o r  the res i s tance  measurements. The 

. t e s t  specimen was then wiped o f f ,  assembled o n t o  cable ,  

and subjected t o  the f a u l t  current  i n i t i a t i o n  t e s t .  

The c i r c u i t  conditions used d i f fe red  from those specified 

i n  I E E E  592. Phase t o  ground voltage was 5.0kV VS. 

7.0kV specified i n  the  standard and the time allowed 
/ 

t o  take o u t  the breaker was 10 cycles vs. 3 seconds 

permitted in the standard.  Under these conditions,  

we obtained the following resu l t s : .  

(1) the untreated s p l i c e  i n i t i a t e d  a f a u l t  twice, 

a s  required, 

(2) the tr ichloroethane soaked sp l i ce  f a i l e d  to  i n i t i a t e  

a f a u l t ,  

a l l  the o ther  s p l i c e s  (soaked in  flammable solvents) ( 3 )  

caught f i r e  i n  the  f i r s t  t e s t .  

These resu l t s  cannot be considered t o  mean t h a t  the 

pa r t s  e i t h e r  passed o r  f a i l e d  592, b u t  they do indicate  

t h a t  exposing connectors t o  solvents  i n  the manner 

described can c rea t e  problems by e i t h e r  preventing 

i n i t i a t i o n  of f a u l t  cu r ren t s  o r  causing p a r t s  t o  catch 

f i r e .  We intend t o  inves t iga te  this matter  fu r the r  

by studying, f o r  example, the e f f e c t  of drying time 

a f t e r  solvent immersion and a l t e r i n g  the  c i r c u i t  

conditions.  

- 10 - 
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( 3 )  Effect  on Connector In te r faces  

To evaluate how representa t ive  so lvents  would a f f e c t  

connector i n t e r f aces ,  1 5 k V  loadbreak e l  bows and bushing 

i n s e r t s  were half  submerged in so lven t s  A , B ,  a n d  D 

foi- 15 minutes. Four  each of  the mating par t s  were 

immersed i n  each o f  the  three  so lvents ,  then assembled 

and tes ted  a t  l 5 k Y  withstand leve ls .  Subsequently, 

I 

I 
I 

I 

two pa r t s  from each solvent  group were taken to  

breakdown. The r e su l t s  a r e  summarized in  Table XI. 

A l l  pa r t s  passed both impulse and Hi-Pot Withstand, 

so i t  i s  apparent t h a t  t h i s  degree of exposure t o  solvent 

does not h a v e  a negative e f f e c t  on the  in t e r f aces  in  

terms of e l e c t r i c a l  performance. 

1 
I 
I 

r r r .  SUMMARY AND coNcLusroNs 
. A l l  the  so lvents  t e s t ed ,  except f o r  Solvent I ( a  Freon type) ,  

s i g n i f i c a n t l y  affected the conduct ivi ty  of EPD1.I and EPR s labs ,  

b u t  had very l i t t l e  e f f e c t  on semiconductive XLPE shield 

ma te r i a l s .  

. T h e  so lven t s  d i f fe red  i n  the ex ten t  of conduct iv i ty  lo s s  they 

produced, and i n  the r a t e  and degree of recovery of  conductivity 

e x h i b i t e d  a f t e r  solvent  removal. 

. The more v o l a t i l e  solvents permitted f a s t e r  recovery of 

conduc t iv i ty  and ’ produced the l e a s t  permanent damage t o  

conduc t iv i ty  o f  the shield mater ia ls .  

. Splices immersed in  solvents had r e s i s t ances  well below the 

permiss ib le  5,000 ohm maximum o f  IEEE 592. 
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. Results of  the nail  t e s t  were inconc]usive, b u t  indicated 

t h a t  so lvent  soaking i s  po ten t i a l ly  hazardous. 

. 15kV e l  bow-bushing assemblies, a f t e r  parts were sepa ra t e ly  

exposed t o  three  typical solvents ,  passed both AC Hi-Pot and 

Impul se Tests.  

. All the so lvents  a re  considered t o  be acceptable when properly 

used. 

The following should be avoided: 

(1) immersing connectors in  solvents  

( 2 )  . pouring solvents  inside connectors 

( 3 )  

. 

f a i l i n g  t o  wipe o f f  excess solvent.  

IV, PLANNED RlTURE WORK 

. Investigate e f f e c t  of drying time a f t e r  soaking on na i l  t e s t  

r e s u l t s .  

. Inves t iga t e  effect O f  sol vents on loadbreak performance 

(switching tes ts) .  

. Perform r e s i s t a n c e  measurements on sp l i ces  immersed i n  so lvents ,  

then aged f o r  504 hours a t  121°C. 

ODP/ghh 
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TABLE I 1 1  
EFFECT OF SOLVENTS OH VOLUME RESISTIYITY OF 

EPR CABLE JACKETING 

Yol. Resistivity, oh-cm % of Time To 
I n i t i a l  Max. F i n a l  I n i t i a l  Yalue t 4 a x . H i n .  - 

3845 

1950 

2315 

3513 

2243 

1865 

2980 

4520 

18,857 

53,911 

41,503 

16,286 

8,762 

28,493 

17,000 

76,000 

17 15 

327 9 

4000 

4296 

4137 

8559 

2700 

47 50 

44.6 

168.2 

172.8 

122.3 

184.4 

458.9 

90.6 

105.1 

102 

1 4 3  

256 

186 

4 1 4  

394 

300 

27 0 

2980 8,700 2100 70 .5  150 

1989 19,888 2438 122.6 47 1 

T i m  To 
F i n a l  Hrs. 

26 

28 

48 

27 

7 5  

5 1; 

183 

7 3  

28 

1 4 4  
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Figure 7 
Volume Resist ivi ty vs. Time - EFR Cable  Shield 
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TABLE IY 
EFFECT OF SOLVENTS ON YOLUME RESISTIVITY 

OF XLPE CABLE JACKETING 

Yolume Resistivity, ohmm % o f  Tim To Tim To I n i t i a l  Max. Fina l  I n i t i a l  Yalue Xax .Min .  F i n a l  Hrs.' - Sol vent - 
A 1493 3064 1406 94 .2  50 23 
B 

C 

D 

E 

F 

3 

412 602 

928 1415 

431 522 

422 422 

693 699 

774 2 967 

383 94.9 

783 84 .4  

4 38 101.6 

400 94 .8  

67 0 96.7 

1601 ' 206.8 

111 

92 

20 

5 

15 

1451 

7 1  

23 

.4 

7 

6 

72  

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



I Figure i I  
Vofume Resistivity vs.'Time - XLPE Cable ShiePcf 
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Figure 13 
Volume Resistivity vs.  Time - XLPE Cable Shield - Solvent J 
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TABLE V 

EFFECT OF l,l, 1 TRICHLOROETHANE 

15 MINUTE IHXERSION 
ON RESISTANCE OF SPLICE SHIELD -.' 

Description 

Initial value 
After immersion 
Max. value 
Final value 

Descri Dtion 

Initial value 
Aft e r i mme r s i on 
Max. value 
Final value 

Resistance, ohms 

1,170 
1,800 
1,800 
1,060 

TABLE VI 

EFFECT OF 1,1,1 TRICHLOROETHANE 

1 HOUR IMMERSION 
ON RESISTANCE OF SPLICE SHIELD - 

Resistance, ohms 

1,280 
2,210 
2,210 
1,210 

Time, min. 

0 
15 
15 

382 

Time, min. 

0 
60 
60 

1,400 



t 

TABLE VI1 

Descri p t i on 

I n i t i a l  v a l u e  
After immersion 
Max. v a l u e  
Final  v a l u e  

/ 

EFFECT OF SOLVENT D ON RESISTANCE 
OF SPLICE SHIELD - 15 HINUTE IHHERSION 

R e s i s t a n c e ,  ohms 

890 
1,470 

9 50 
1,880 

TABLE VI11 

EFFECT OF SOLVENT G ON RESISTANCE 
OF SPLICE SHIELD - 15 MINUTE IMMERSION 

D e s c r i p t i o n  R e s i s t a n c e ,  ohms 

I n i t i a l  v a l u e  970 
After immersion 1,530 
Max. v a l u e  1 ,610 
Final  v a l u e  1,070 

Time, min,  

0 
15 
22 

9,800 

Time, min. 

0 
15 

285 
7,202 
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I 
1 
1 
I 
I 
1 
I 
i 
1 
1 
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Description 

I n i t i a l  value 
After immersion 
Max. value 
Final value 

TABLE I X  

EFFECT OF SOLVENT H OH RESISTANCE 
. OF SPLICE SHIELD - 15 HIHUTE..IKMERSION 

Resistance,  ohms 

1,450 
1,790 
1,790 
1,080 

Time, min, 

0 
15 
15 

7,150 

. 



Description 

T A B L E  X 

E F F E C T  OF SOLYENT B ON R E S I S T A N C E  
OF SPLICE S H I E L D  - 15 H I H U T E  IMMERSION 

Resistance, ohms 
( a )  ( b )  

Initial  value 8 30 6 20 
A f t  e r i mme r s i on 985 
/.lax. value 1,605 1,110 
Final value 990 87 5 

1,585 

(a)  Direct measurement technique 
( b )  Voltage-current technique 

Time, min 
( a )  

0 0 
15 15 
56 330 

2,837 2,730 

! 



I 

TABLE X I  

EFFECT OF SOLVENTS ON BUSHING/ELBOW 

IMPULSE A N D  AC HI-POT 

Impulse w/stand AC Hi-Pot w/stand Impulse AC Hi-Pot 
95kV +/- 34kV f o r  1 m i n .  Breakdown Breakdown 
3 shots  ea, 3 s h o t s  ea. 

Solvent Par t  # Pola r i ty  Pass/Fai 1 Level Level 

I 
1 m i n .  I Pass Pass t125, 1st shot N/A 

Pass 

Pass 
I 

Pass 

5 Pass 

6 Pass 

7 Pass 

8 Pass 

0 1: 
12 

' Fai'lure Mode 
Impulse 

I 

Pass 

Pass 

Pass 

Pass 

Pass -110, 1st shot N/A 

70kV.l sec. Pass N/A 

Pass 70kV 5 sec. 

Pass 70kV 5 sec. 

Pass N/A 70kV 26 sed. 

Pass +150, 1st shot N/A 

Pass -125, 1st Shot N/A 

Pass i130,  2nd shot N/A 

Pass 4-130, 1st shot N/A 

Pass N/A 60kV 15 sec. 

Pass N/A 60kV 20 sec. 

Fai lure  Mode 
AC H i  Pot 

' 1 puncture bushing i n t e r f a c e  3 puncture bushing  i n t e r f a c e  

2 puncture bush ing  i n t e r f a c e  4 puncture b u s h i n g  i n t e r f a c e  

7 p u n c t u r e  b u s h i n g  i n t e r f a c e  5 puncture b u s h i n g  i n t e r f a c e  

8 puncture i n  t e s t  cab le  6 puncture b u s h i n g  i n t e r f a c e  

9 puncture bushing i n t e r f a c e  11 puncture b u s h i n g  i n t e r f a c e  

10 puncture bushing i n t e r f a c e  ' 12 puncture bushing i n t e r f a c e  

. .  


