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-1 . ETHYLENE GLYCOL ANTI-FREEZE - WASTE REDUCTION OPTIONS 

BACKGROUlTD 

Ethylene glycol  based anti-freeze is used as a cooling medium for  automotive 2nd 
d iese l  engines i n  most vehicles. The use of an t i - f reeze  prevents thermal breakdown 
of lubr ica t ion  o i l s  from the excess heat generated from combustion engines. These 
o i l s  p ro t ec t  the metal par t s  egainst f r ic t ion  and heat and are  especially c r i t i c a l  
i n  d i e s e l  engines since they r u n  ho t te r  due t o  higher compression r a t i o s  (1). 
Anti-freeze is  especially useful as  a coolant because i t s  freezing point aEd boiling 
p o i n t  a r e ,  respectively,  lower and higher than tha t  of water. Anti-freeze i s  
chief ly  composed of a 5 0 : 5 0  mix of ethylene glycol  and water. Other impor tan t  
addi t ives  t o  the water/glycol mixture are corrosion inhibi tors ,  pi4 buffers ,  
ant:i-foaniing agents t o  prevent bubble formation, a n d  biocides to  control bac t e r i a l  
gro.r;t!i. T h i s  mixture optimally provides a -34  F freeze and 235 F an t i -boi l  
protect ion.  

0 0 

Automotive manufacturers generally recommend t h a t  ant i - f reeze be replaced a t  regular 
i n t e rve i s ,  f o r  exmple,  Ford Motor Company recommends replacement a t  36,000 miles or  
every two years fo r  gasoline engines ( 6 ) .  Volvo recommends replacement a t  40,000 
mile i n t e r v a l s  and Cumrnins Diesel recomends changes a t  a 200,000 mile in te rva l  (1) .  / 

Replacement a t  any interval  r e su l t s  i n  waste generation; i . e . ,  use3 an t i - f raeze .  
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Used an t i - f reeze  consists primarily of the o r ig ina l  ethyler,e glycol arid water 
mixture, glycol  breakdown by-products, depleted inh ib i to r s ,  corrcsioR by-2roZucts 
and heavy metais from the at tack of breakdown by-products on tne rad ia tor ,  engine 
block and soldered jo in ts .  T h i s  report  w i l l  examine the nature of t h e  problem and 
a l t e rna t ives  avai lable  for  environmentally sound waste reduction, recyclirig and  
reuse of = t i - f r eeze .  

Iieavy metais generation, primarily lead,  zinc and copper and, i n  some cases,  high 
biological  oxygen demand (BODS) a re  the pr incipal  environmental concerns of waste 
an t i - f reeze  disposal .  I n  some cases metal concentrations i n  the used ant i - f reeze a re  
high enough t o  require c l a s s i f i ca t ion  as a hazardous waste. I f  spent f l u i d  i s  
discharged t o  a municipal treatment system, the f a c i l i t y  may exceed i t s  allowable 
metal a n d  organic limits. Also, discharging t o  a s ep t i c  system could cause 
extensive groundwater contamination. Increasing regulatory controls over disposal 
of waste an t i - f reeze  i s  forcing i n d u s t r y  to  seek other  a l te rna t ives .  

Federal, s t a t e ,  and local environmental controls currently affecting t h e  disposal 
and/or recycling of anti-freeze a re  a major and of ten dominant factor i n  se lect ing 
a l t e rna t ives  ava i lab le .  The U.S. EPA has not l i s t e d  ethylene glycol as a controlled 
or p r i o r i t y  substance. However, usage can generate a hazardous waste dependent on 
the heavy m e c a l s  content and other  substances present.  Classification as  a 
hazardous substance i s  now determined o n  a case-by-case bas i s .  Classif icat ion i s  



d e t e r m i n e d  by c e r t i f i e d  l a b o r a t o r y  t e s t i n g  of a r e p r e s e n t a t i v e  
c o n c e n t r a t i o n s  of p o l l u t a n t s .  If  t h e  a n t i - f r e e z e  i s  mixed w i t h  any 
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tors are  a l l o w e d  t o  d i s  
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restrict  t h e  disposal  of a n t i - f  r e e z e ,  t h e m e ; u l a t o r y  agency  must be c o n s u l t e d  
as t o  t h e  r e s t r i c t i o n s  t h a t  a p p l y .  Any p r e t e s t i n g  r e q u i r e m e n t s  w i l l  be p r o v i d e d  by 
loca l  or s t a t e  a g e n c i e s .  

systems 

d i s p o s a l .  

V i o l a t i o n s  of l o c a l  c o n t r o l s  can  be expens ive .  A small  H e w  J e r s e y  b u s  company was 
f i n e d  for dumping a n t i - f r e e z e  f rom some of t h e i r  v e h i c l e s  o n  t h e  ground o u t s i d e  of 
t h e i r  garage ( 2 ) .  T h i s  company was r e q u i r e d  t o  h a v e  6 f e e t  o f  e a r t h  removed a l l  
around t h e i r  p r o p e r t y  b y  a waste h a u l e r  and r e p l e c e d  w i t h  f r e s h  f i l l  G i r t .  A f i n e  
of  $5,000 per day was l e v i e d  u n t i l  t h i s  was comple ted .  They c o u l d  n o t  comply w i t h  
t h e  r u l i n g  f a s t  enough, and 30 d a y s  l a t e r  f i l e d  f o r  b a n k r u p t c y .  The C i t y  of 
v;inston-Salem, North Carolina h a s  banned t h e  dumping of a n t i - f r e e z e  by a l l  u s e r s  
r a n g i n g  from " d o - i t - y o u r s e l f e r s "  t o  t r u c k i n g  f l ee t s .  ( 7  ) Hore local enforcement  c a .  
be e x p e c t e d  as  i n e x p e n s i v e  r e c y c l i n g  t e c h n o l o g i e s  and  d i s p o s a l  a l t e r n a t i v e s  art 
approved. 

Envi ronmenta l  r e g u l a t i o n s  are n o t  t h e  o n l y  m o t i v a t i n g  f a c t o r  t o  r e c y c l e  and  r e u s e  
c o o l a n t s .  The i n c r e a s e  of e t h y l e n e  g l y c o l  prices i s  a major ! i io t iva t ion .  S h o r t  
f a l l s  i n  p r o d u c t i o n  due t o  p l a n t  f i r e s  and o t h e r  o u t a g e s  have  i n c r e a s e d  c o m p e t i t i o n  
between c o o l a n t  and p l a s t i c s  m a r k e t s .  E thylene  o x i d e ,  a p r e c u r s o r  used f o r  e t h y l e n e  
g l y c o l  manufac ture ,  i s  a l so  u s e d  i n  p o l y e t h y l e n e  plastics m a n u f a c t u r e .  The s u p p l y  
is t i g h t  and p l a s t i c s  m a n e f a c t u r e  i s  c u r r e n t l y  morc T r c f i t a 5 l c .  R s c y c l i n g  coli ld be 
a cost e f f e c t i v e  o p t i o n  i n  a d d i t i o n  t o  be ing  e n v i r o n m e n t a l l y  sound.  Thns,  r e c y c l i n g  
a n t i - f r e e z e  i s  a cost e f f e c t i v e  a l t e r n a t i v e  t o  t r e a t m e n t  and d i s p o s a l  which c o u l d  
a l so  r e s u i t  i n  a r e d u c t i o n  of v e h i c l e  maintenance costs. 

T h i s  document p r e s e n t s  sunmar ies  of  t h e  t e c h n o l o g y  of  a n t i - f r e e z e ,  fact= 
a f f e c t i n g  a d e c i s i o n  t o  implement an  a n t i - f r e e z e  waste r e d u c t i o n  program and 
e t h y l e n e  g l y c o l  r e c y c l i n g  sys tems.  

TECHNICAL OVERVIEW 

A n t i - f r e e z e  d e g r a d e s  under  normal usage i n  a v e h i c l e  c o o l i n g  s y s t e m .  V e h i c l e  
r a d i a t o r s  a r e  composed c h i e f l y  of  copper amd aluminum, w i t h  l e a d ,  z i n c  a n d  t i n  u s e d  
i n  t h e  s o l d e r e d  j o i n t s . T h e  c h i e f  contaminants  i n  spent f l u i d  a r e  l e a d ,  z i n c ,  t i n ,  
aluminum h y d r o x i d e s ,  and  iron from a t t a c k s  on metal components, and magnesium; a n 6  
c a l c i u m  carbonates from t h e  w a t e r  added t o  t h e  sys tem t o  d i l u t e  t h e  a n t i - f r e e z e .  
]",nor c o n t a m i n a n t s  i n c l u d e  s p e n t  i n h i b i t o r s  and a n t i - c o r r o s i o n  and an i i - foamin<-  
a g e n t s .  D e p l e t i o n  of pH b u f f e r i n g  a g e n t s  and b a c t e r i a l  growth promote format ion  c 
a c i d i c  compounds. These  d e g r a d a t i o n  p r o d u c t s  are a c i d i c  and can c a u s e  damage t o  t h e  
r a d i a t o r .  D e p l e t i o n  o f  t h z  a n t i - f o a m i n g  a g e n t s  can  r e s u l t  i n  bubble  f o r n a t i o n  arid 
c a v i t a t i o n  a t t a c k  o n  m e t a l  s u r f a c e s .  
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It has been suggested that, at a minimum, the recycled anti-freeze should pass the 
ASTM tests for virgin anti-freeze. These three ASTH tests are D-1384 (coolant 
corrosion of cast iron, aluminum, steel, brass, copper, and solder), D-4340 (a more 
severe heated aluminum surface corrosion test), and D-3306 (a comprehensive 
anti-freeze specification) (5). Reconstituted or recycled anti-freezes may not meet 
accepted industry specifications or satisfactorily pass performance specifications 
spelled o u t  by ASTM, SAE and the current truck manufacturers. However, recycling 
equipment manufacturers claim that their material is equivalent to virgin 
anti-freeze. Most service providers drain and fill, in which case you are mixing 
virgin anti-freeze with old anti-freeze. Approximately 20% of the old anti-freeze 
remains in the engine block after draining. The anti-freeze user must judge as to 
whether recycled anti-freeze will meet his needs. 

Caution should be exercised as recycling systems may not remove heavy metals or 
corrosive compounds from the spent coolant. It may be possible to distill the spent 
coolant to remove the contaminants and excess water. Still bottoms are normally 
classified a hazardous waste. 

The industry controversy over the recycling of anti-freeze is not the issue of this 
document; rather, alternatives to the disposal of engine coolants are presented with 
supporting information so that vehicle maintenance shop and salvage yard operators 
can make sound judgements to remedy their waste anti-freeze problems. 

Z C Y C L I N G  OPPORTUNITIES 

Both on and off site recycling and recovery opportunities exist now. The systems and 
techniques available can be divided into three general groups; off-site recycling 
with treatment, on-site recycling, and OF-site recycling with treatment. Off-site 
recycling systems require the waste anii-freeze to be transported to a fixed 
facility where the waste coolant is filtered to remove particulates and large 
contaminants and treated to precipitate dissolved metals ani! adjust the pH. Finally 
the pure ethylene glycol and fresh additives (e.g. corrosion inhibitors) are added 
to bring the treated coolant back to the correct specifications. This process is 
completed in bulk fashion. A pick-up fee may be chzzged if the coolent is 
excessively contaminated with water and soils. The coolant is then processed and 
resold. 

On-site recycling is the most common recycling practice. The waste coolant is 
simply filtered to remove gross contaminants and returned to the engine. These 
"vampire" systems are connected directly to the radiator hoses and use high pressure 
to circulate the coolant through the engine block to flush out the cooling systems. 
Typically small amounts of virgin anti-freeze are added to the radiator to make up 
for losses due to filtering. These systems do not recondition the coolant, remove 
dissolved metals or bring the anti-freeze to any set specifications. 

On-site recycling with treatment can operate two different ways; as a vampire system 
or as a batch system. 

The vampire method is identical to the non-treatment recycling method, however the 
coolant is passed through microfilters or other separation devices (e.g. ion 
exchange, ultra-filtration, or reverse osmosis) that remove dissolved metal and some 
of the degradation products. This treated anti-freeze is returned to the vehicle's 
coolirig system and, usually is provided wirh additives and virgin ethylene-glycol to 
reach desired specification criteria. 



The o t h e r  o n - s i t e  recycle and  t r e a t m e n t  sys tem t r e a t s  b a t c h e s  ( t y p i c a l l y  100 - 200 
g a l )  o f  waste a n t i - f r e e z e  by u s i n g  f i l t r a t i o n ,  p r e c i p i t a t i o n ,  and/or t h e  o t h e r  
t r e a t m e n t  t e c h n i q u e s  d i s c u s s e d  above t o  remove b o t h  g r o s s  and  f i n e  c o n t a m i n a n t s  from 
t h e  c o o l a n t .  A d d i t i v e s  can  t h e n  be used  t o  b r i n g  t h e  r e c o v e r e d  f l u i d  up t o  
s p e c i f i c a t i o n  table - l i s t s  c u r r e n t l y  a v a i l a b l e  recovery equipment and o f f - s i t e  
rec:yclers. V e h i c l e  main tenance  s h o p s  t h a t  u s e  t h i s  r e c y c l i n g  method keep t r e a t e d ,  
r e c o l i d i t i o n e d  a n t i - f r e e z e  on hand t o  add d i r e c t l y  t o  v e h i c l e s  a f t e r  t h e y  have been 
s e r v i c e d  ( i . e .  d r a i n  and  f l u s h ) .  According t o  a sales representative,  it i s  
economica l ly  p r o f i t a b l e  t o  r e c y c l e  a n t i - f r e e z e  i f  50 or mre t r u c k s  are serviced a t  
one  l o c a t i o n  u t i l i z i n s  a sys tem similar t o  G l y c l e a n  ( 8 ) .  

Table  I P r o v i d e s  a l i s t  o f  r e p r e s e n t a t i v e  r e c y c l i n g  systems c u r r e n t l y  on t h e  market. 
N o  recommendations are made as t o  t h e  q u a l i t y  or e f f e c t i v e n e s s  of a n y  p r o d u c t  or 
s e r v i c e  p r o v i d e d  by t h e s e  v e n d o r s .  

CURRENT PRACTICES 

R a d i a t o r  and  repair s h o p s  n o r m a l l y  t rea t  t h e  c o o l a n t  i n - h o u s e  and  t h e n  d i s p o s e  of 
r e s i d u a l s  i n  t h e  sewer. V e h i c l e  main tenance  s h o p s  u s u a l l y  d i s c h a r g e  waste c o o l a n t s  
i n t o  sewers w i t h o u t  t r e a t m e n t .  R e c y c l i n g  and r e u s e  of coolants are becoming more 
common pract ices  due t o  i n c r e a s e d  e t h y l e n e  g l y c o l  p r i c e s  and new e n v i r o n m e n t a l  
r e g u l a t i o n s  g o v e r n i n g  waste d isposa l .Some a u t o  s a l v a g e  yard  operators and r a d i a t o r  
r e p a i r  shops  col lect  a n t i - f r e e z e  t e m p o r a r i l y  i n  a 5 5 - g a l l o n  drum t o  l e t  s o l i d s  
s e t t l e  and  t h e n  d e c a n t  i n t o  o n e - g a l l o n  plast ic  m i l k  j u g s  f o r  f u t u r e  sale. One a u t o  
s a l v a g e  operator i s  able t o  p u r c h a s e  t h e s e  j u g s  from a local  d a i r y  for  $0.10 per 
j u s .  The d i l u t e d  coolant i s  tes ted and  t h e  f r e e z e  p r o t e c t i o n  t e m p e r a t u r e  marked on 
t h e  j u g .  No f u r t h e r  attempt i s  made t o  c l e a n  or b r i n g  t h e  c o o l a n t  i n t o  new c o o l a n t  
s p e c i f i c a t i o n s .  The a n t i - f r e e z e  i s  resold a t  $1.00 p e r  G a l l o n .  T h i s  a u t o  s a l v a g e  
operator h a s  been  able t o  se i1  a b o u t  1 ,000 g a l l o n s  p e r  y e a r  t o  walk- in  cus tomers  and 
s e r v i c e  s t a t i m  o p e r a t o r s .  

Large v e h i c l e  f l e e t  operators h a n d l e  t h e i r  c o o l a n t s  d i f f e r e n t l y .  The p r e s e n t  
p r a c t i c e  of o n e  t r u c k i n g  f l e e t  i s  t o  add  make-up e t h y l e n e  g l y c o l  or water for  f r e e z e  
t e m p e r a t u r e  p r o t e c t i o n  and  o c c a s i o n a l  a d d i t i v e s  t o  a d j u s t  t he  corrosior! r e s i s t e n c e  
p r o p e r t i e s  of t h e  c o o l a n t .  Complete c o o l a n t  rep lacement  o ~ l y  o c c u r s  when t h e  e n g i n e  
undergoes  a major o v e r h a u l .  

P l e a s e  n o t e  t h a t  r e c l a i m e d  c o o l a n t  s h o u l d  n o t  be used i n  new a u t o m o b i l e s  or  t r u c k s  
because  of w a r r a n t y  problems, i . e .  r e c y c l e d  coolant may v o i d  t h e  e n g i n e  w a r r a n t y .  
However, c o o l a n t s  c a n  be r e c l a i m e d  f o r  r e u s e  i n  au tomobi les  or t r u c k s  whose e n g i n e  
w a r r a n t i e s  have e x p i r e d .  

This  report h a s  a d d r e s s e d  t h e  c u r r e n t  s t a t u s  of e t h y l e n e  g l y c o l  usage ,  w a s t e  
m i n i m i z a t i o n  and waste r e d u c t i o n  o p p o r t u n i t i e s  a v a i l a b l e  a n d  r e g u l a t o r y  
c o n s i d e r a t i o n s .  Recycl ing  and r e u s e  of  c o o l a n t s  i s  becorriing a more p r e v a l e n t  and 
p r e f e r r e d  approach  f o r  h a n d l i n g  c o o l a n t s .  A d d i t i o n a l  i n f o r m a t i o n  c a n  be o b t a i n e d  by 
c o n t a c t i n g  any Waste Reduct ion  Resoure  C e n t e r  Engineer  a t  1-800-476-8686. 



TABLE I E T H Y L E N E  G L Y C O L  
RECYCLING A L T E R N A T I V E S  

METHODOLOGY 
PROCESS TRADE 

DESCRIPTION NAME VENDOR 

F i l t r a t i o n  (Vampire) 
On-Si te  Systems 

F i l t r a t i o n  P l u s  
F l o c c u l a t i o n  
(On-S i t e )  

On-Si te  C o l l e c t i o n  
O f f - S i t e  Trea tment  
f o r  R e s a l e  

Once Through G ly c l e  an FPPF Chemical  Co. 
F i l t r a t i o n  117 W .  Tupper  St. 

B u f f a l o ,  N . Y .  14201  
(800) 735-3773 

Mark X Wynn O i l  Company 
F l u s h  1151 \Jest; F i f t h  S t .  

Azusa, C a l i f o r n i a  91702 
(818) 334-0231 

Davco Kool Davco M a n u f s c t u r i n g  Corp. 
C a r t  P . O .  Box 2327 

Ann Arbor ,  Michigan 48101 
(313)  429-5665 

K L E  ER-F LO K L E E R - F L O  Company 
A n t i  - Free z e. 
Recyc le r  Eden P r a i r i e ,  M N  55344 

15 15  1 Te c h n o l o  g y D r  i v e 

(612)  334-2555 

c u r b  C e n t  a u r E q u i p m e n t I4 a n a g e r i  
h s w 5  Corp . 

M i c r o f i l t r a t i o n  
p l u s  f l o c c u l a t i o n  
t o  remove d i s s o l v e d  ' & u ~ c c  P . O .  Box 5964 
s a l t s  and m e t a l s  i d e t a i r i e  , LA 70009-3938 

F i l t r a t i o n ,  Forty '  Below FORTY BELOW 
F l o c c u l a t i o n  S.E. R e g i o n a l  Office 
a n d / o r  Ion 13217 A N .  Nebraska Ave. 
Exchange o r  Tampa, F L  33612 
D i s t i l l a t i o n  (800) 328-5505 

rrr NALCO NALCO Chemical  Company 
N o * e  " S t r a i g h t  To Nalco C e n t e r  

The P o i n t "  N a g p e r v i l l e ,  IL 60566-1C 
(800) 241-6053 
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6 . 4  WASTE ANTIFREEZE SOLUTION 

Disposal of waste antifreeze solution is a common concern 
in the garage and service station sectors of the vehicle 
maintenance industry. Used antifreeze can be classified 
as a hazardous waste, as it usually contains high concen- 
trations of heavy metals such as lead, arsenic, or zinc. 
Used antifreeze should be either tested for these hazard- 
ous characteristics or assumed to be a hazardous waste and 
disposed of accordingly . 

Antifreeze (ethylene glycol) in i t s  virgin state is not a 
hazardous waste and may be disposed of through the munici- 
pal sewage system. Check with PADER and your local sewage 
authority about your specific situation. 

In some cases, spent antifreeze solution can be separated 
by distillation and burned as waste fuel. This service is 
provided.. by used solvent .and oil recyclers. Some of the 
businesses listed in Chapter 8 may be able to recover 
waste antifreeze solutions as a fuel. 
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