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| NTRODUCTI ON

Backgr ound

The three main reasons for recycling used antifreeze are to
conserve our natural resources, reduce the cost of new antifreeze
pur chases, and reduce both the cost and probl ens associated with
used antifreeze disposal. The latter reason is becomng a
stronger inpetus for recycling due to the increasing trend of
federal, state and | ocal governing agenci es enacting nore
restrictive legislation on environnental protection matters. Sone
states with nore restrictive regulations include identifying

et hyl ene glycol (EG, the base material for nost of today’'s
antifreezes, as a hazardous material. Such a designation
substantially raises the handling and storage expenses of new as
wel | as used EG based antifreezes. (P!

Arny Hazardous Waste M nim zation (HAZM N) Policy mandates t hat
all Arny installations including National Guard units nust reduce
the quantity and toxicity of hazardous wastes generated by

antifreeze products. Installations using EG based antifreeze may
recycle used antifreeze to reduce the necessity of used
antifreeze disposal. Acceptable recycling units nay be used at

posts, canps and stations to reduce antifreeze disposal costs and
enhance raw material conservation. During FY1992, the Tank

Aut onot i ve Research, Devel opnent and Engi neering Center (TARDEC)
identified and approved two units for use in the field. These
commercial units include the “BE Series Engine Cool ant Recyclers”
manuf act ured by Fi ni sh-Thonmpson Inc (FTlI) and the “Cool ' r

Clean’ra Cool ant Purification Systeni manufactured by Kasco Fuel
Mai nt enance (KFM fornerly BG Products Inc). Both units produced
a recycl ed product equivalent in performance to and chemcally
conpatible with new nilitary antifreeze. (%

Due to start-up problens in the field with antifreeze recycling
systens, many systens were not being used. The U S. Arny
Environnental Center (AEC) funded TARDEC to perform a | essons

| earned study on the two approved antifreeze recycling systens to
determ ne start-up problens in the field. At the conclusion of

t he study, updated TARDEC user manual s woul d incorporate any
problens field users were having.

! Parent hetical nunbers correspond to docunents in the Reference Section



(bj ecti ve

The objective of this recycling denonstration is to assist in the
installation, start-up, and operation of antifreeze recyclers at
sel ected Active Arny (FORSCOM and TRADOC), Arny Reserve, and Arny
National Guard units and identify problens that may exist in the
training and operating of antifreeze recyclers in the field.
Sanpl e analysis was only perfornmed as a spot check on the quality
of the recycled products. Therefore, only analysis fromthe Ft.
Bliss test site will be provided as representative for all sites.

I'1. 1 NVESTI GATI ON

Appr oach

A representative of the Fuels and Lubricants Technol ogy Team
(FLTT) and from AEC installed one (1) antifreeze recycling system
at each participating site for operation during this
denonstration. The KFM fornmerly BG Products Inc., Cool’r
Clean’r Coolant Purification Systemwas installed at Ft Bliss,

TX, during 07-08 February 1996 and at the 88'" Regi onal Support

G oup of the Arny Reserve, Ft Benjamn Harrison, IN, during 23-25
April 1996. The FTI BE Series Engi ne Cool ant Recycl er was
installed at Ft Drum NY, during 20-24 May 1996 and at Canp
Dodge, | A, during 15-18 July 1996. Each participating site
operated the antifreeze recycling equi pment and provided test
vehicles to evaluate the performance of the recycled antifreeze.

The performance of the recycled antifreeze was nonitored by
taking eight (8) ounce sanples fromtest vehicles on a quarterly
basis for |aboratory testing. The FLTT supplied each
participating site wth an adequate nunber of sanple bottles.
Quarterly sanples shipped to the FLTT | aboratory were to be
tested for the follow ng properties:

pH, ASTM D1287
Reserve Alkalinity (RA), ASTM D1121
Freeze Point, ASTM D3321

Trace Metals Analysis for Lead, Alum num Iron
Copper, Atom c Adsorption (AA)

G ycol ate and Formate, Liquid Chromatography



In addition, the follow ng data were collected fromsite test
vehi cl es:

M | eage accunul at ed

Hours of engi ne operation

Vehi cl e performance/ driver observations
Cool i ng system conponent inspections

Fol |l owi ng the denonstration, FLTT distributed questionnaires to
participating installations to determ ne the |ikes and dislikes
of operating the recycling equi pnent, the nethods used to nonitor
quality of used and recycled antifreeze, the external supplies
necessary to make recycling antifreeze easier, and the nmeasures
taken to contain any hazardous substances (i.e., inhibitors). A
sanpl e questionnaire is included as Attachnent 1.

Resul ts and D scussi on

New antifreeze is a precise bal ance of water and EG which

provi des both | ow and high tenperature protection, and is treated
wi th chem cal inhibitors that provide both corrosion protection
to the engine s cooling systemand protection agai nst foam ng.
Thi s bal ance is changed during normal engi ne use and therefore
must be carefully re-established for a recycled antifreeze to be
as reliable and effective as new antifreeze. The two recyclers
(i.e., the KFM Cool’'r Cean’r Cool ant Purification System and the
FTI BE Series Engi ne Cool ant Recycler) use different processes to
recycle spent coolant (i.e., ion exchange and distillation,
respectively). Both these recyclers have been eval uated and
found to performsatisfactorily for reclaimng mlitary
antifreeze. !

Ft Bliss operated the KFM Cool’'r Clean’'r Cool ant Purification
System usi ng 55-gall on batches of spent cool ant as feedstock.
The Ft Bliss denonstration site, the Departnent of Public Wrks
and Logistics (DPWL), services 25 to 30 vehicles a nonth from
vari ous organi zations. Only heavy-duty construction, heavy
conbat, and heavy tactical vehicles (i.e., tractors, Bradley’s,
HEMIT s, ML13's, etc.) are serviced. Test vehicles included two
(2) 130G MII Caterpillars, one (1) ML009, and one (1) MS83.
Their m | eage and hour accumul ation will be used as a
representative exanple of all four denonstration sites and is
shown in Table 1.

M | eage accunul ated for the denonstration is bel ow average
conpared to conmmercial vehicles. For exanple, while mlitary
vehi cl es may accunulate 1,000 to 5,000 mles per year, passenger
cars and light trucks nay average 12,000 to 14,000 m | es per year
and comrercial large trucks and heavy duty trucks may average
150,000 to 180,000 m | es per year.



Table 1. Ft Bliss M| eage Accunul ation
Ft Bliss M| es/ M| es/ M| es/ M| es/ M| es/ Tot al
Vehi cl e Hours @ | Hours @ | Hours @ | Hours @ | Hours @ M| es/
Type O-Months | 3-Months | 6 Months | 9- Mont hs | 12- Mont h Hours in
one year
MD83 3212/ 208 | 3511/ 290 | 3959/ 413 | 4140/ 473 | 4149/ 492 | 937m / 284hr
MLO09 52015/ na* | 52204/ na | 52623/ na | 53006/ na | 53165/ na | 1150 mles
130G M | |
Caterpillar na/ 773 na/ 960 na/ 1090 na/ 1143 na/ 1181 408 hours
130G M | |
Caterpillar na/ 3363 na/ 3486 na/ 3705 na/ 3773 na/ 3786 423 hours
**na” = not applicable
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Tabl e 2.

Summary of Denonstration Sites

Deno site Activity Recycl er Type* | Process Start Date
Ft Bliss NY DPW&L Cool’r Clean’r [lon Exchange | Feb 1996
Ft Benjam n ARC Cool’r Clean’r [lon Exchange |April 1996
Harrison IN

Ft Drum NY DOL BE Seri es Distillation | Sept 1996
Canp Dodge 1A |lowa ANG BE Series Distillation | Sept 1996

*- See Attachnment 2 for the initial
instructions for the Cool’r Clean’r Coolant Purification System
See Attachnent 3 for the initial start-up and operating
instructions for the BE Series Engi ne Cool ant Recycl er.

start-up and operating

FLTT provided directions for the operation of the equi pnent
during installation of the equi pnent (see Attachnents 2 and 3).
The directions can also be found in the Antifreeze Recycling
Users Guide!®. The followi ng additional supplies were necessary
to make engi ne cool ant recycling easier at each denonstration
site:

used and
plastic with

A mnimumof two (2) 55-gallon plastic druns for
recycl ed cool ant storage, preferably clear
vol une markings on the side of the drum
Either a drum m xer or a drum punp for m xing inhibitors
into processed antifreeze

O | absorbent pads to skimoff any oi
to recycling

Pl asti c graduated cylinders or other

contam nants prior

useful containers

for measuring liquid volunmes (i.e., ounces) when addi ng
i nhibitors

CID A- A-53426 Tester, Antifreeze and Battery Electrolyte
Sol ution

CID A-A-51461 Test Kit, Antifreeze Freeze Point and

Corr osi on

Sui tabl e chem cal storage container for chem ca

i nhibitors

Each denonstration site accumul ated spent coolant until a
sufficient volune (i.e., 55 gallons) was avail able for processing
with either the FTI or the KFM equi pnent. Spent cool ant shoul d

have at |east 40% EG by volunme with a freeze point of -12°F or
lower. After initial set-up and electrical hook-up, the FTI BE
Series Engi ne Cool ant Recycler operates automatically once the
machine’s reservoirs are filled with the appropriate anmount of
spent coolant and the recycler is turned on. The water in the
spent coolant will begin to boil off (distill) at approximtely

225°F, then the FTI machine cycles to its vacuum node where the




glycol is distilled at approxi mtely 285°F. The FTI machi ne
shuts off automatically and after cooling the sludge should be
drained. The FTI machines require cleaning after every 2-3 runs
by running the FTI machine with water through the distillation
process until clean. Prior to the initial use of the KFM Cool 'r
Clean’r Coolant Purification System the systenm s tanks nust be
primed using 5 to 7 gallons of coolant wwth a glycol content

bet ween 50% and 60% EG by vol une si nce each tank contai ns
approximately 4.5 gallons of water upon initial shipnent.
Placing the inlet hose in a drum of spent coolant to be recycled
and the outlet hose in a clean plastic drumallows the operator
of the KFMrecycler to recycle 55 gallons of spent coolant. The
pressure rel ease switch nust be turned on to rel ease system
pressure before turning off the recycling unit when the outl et
drumis alnost full. See Attachnents 2 and 3 for detailed
operating instructions of both systens.

After processing the spent coolant via distillation or ion
exchange, the recycled EG nust be properly reinhibited for use as
an engine coolant. Each recycler uses a proprietary chem cal
package to restore the inhibitors in the processed antifreeze.
Past efforts to formulate a single reinhibition package for use
with all approved recyclers (i.e., either the distillation or the
i on exchange recycler) proved unsuccessful.(® The reinhibition
steps of the distillation and the ion exchange products vary
slightly because the processed coolant will be either a
concentrate of purified EG or a prediluted m xture of purified EG
and purified water. In general, reinhibition involves adjusting
the freeze point of the processed cool ant along w th adding
corrosion inhibitors (chem cals) for engine protection. Freeze
point is based on ethylene glycol content; for exanple, if a
coolant’s freeze point is higher than desirable, nore EG cool ant
concentrate is necessary to lower the freeze point. Safety

equi pnent such as goggl es and gl oves shoul d be worn when deal i ng
with chem cal inhibitors.

For the KFM Cool'r O ean’r Cool ant Purification System which uses
i on exchange technol ogy, the processed coolant will be a m xture
of ethylene glycol and water. The freeze point nust be checked
and adj usted by adding either EG concentrate or water prior to
reinhibition with the two part heavy-duty inhibitor package
(i.e., 4 ounces of each inhibitor per gallon of coolant). On the
ot her hand, the distillation process used in the FTI BE Series
Engi ne Cool ant Recycler results in two separate fractions: a
recovered (purified) ethylene glycol fraction and also a
recovered (purified) water fraction. The purified EG fraction
must be reinhibited with FTI additives in the anounts prescribed
in the manufacturer instructions (i.e., 4 ounces of each

i nhi bitor per one gallon purified glycol) and m xed thoroughly.
After reinhibiting the recovered EG the EG concentrate nust be



diluted with the appropriate anmount of recovered water or other
avail abl e clean water to adjust the freeze point to the desired
| evel (see Attachment 3).

Finally, for both products (i.e., the KFMreinhibited cool ant or
the FTI reinhibited coolant), the reserve alkalinity (RA) nust be
checked with an Antifreeze Freeze Point and Corrosion Test Kit(*®
to insure the antifreeze has been prepared correctly. A properly
processed antifreeze will be identified by an RA pad color in the
“O K or satisfactory” range of the test kit color chart. A
recycled antifreeze having a color not in the “O K or

sati sfactory” range shoul d be reprocessed until a satisfactory RA
reading i s obtained. M (¥ A conplete listing of the desired
physi cal and chem cal properties for a recycled 50% by vol ume EG
coolant is shown in Table 3. Once a recycled cool ant has the
proper freeze point and a satisfactory RA reading, it is ready
for use as engi ne cool ant.

Table 3. Desired Chem cal and Physical Requirenments for Recycled
Prediluted (50% EG by vol une) Antifreeze

Property Val ue Test Met hod*
Fr eeze Poi nt, °F -34 nmn ASTM D1177
pH 7.5 to 11.0 ASTM D1287
Reserve Al kalinity, nL 6.0 to 16.0 ASTM D1121
Ash content, mass% 2.0 max ASTM D1119
d ycol ate, ppm 900 nax LC
Formate, ppm 300 nmax LC
Chl oride, ppm 25 max LC
lron (Fe), ppm 10 max | CP/ AA
Lead (Pb), ppm 5 max | CP/ AA
Copper (Cu), ppm 5 max | CP/ AA
Alum num (Al'), ppm 5 max | CP/ AA
Appear ance Transl ucent, no Vi sual i nspection
vi sual contam nants

*- ASTM st andards are available directly from ASTM 100 Barr

Har bor Drive, West Conshohocken, PA, 19428-2959.

“LC’= liquid chromat ography or other reliable technique with
simlar accuracy

“I CP/ AA”= atom ¢ adsorption, atomc em ssion, or other reliable
technique with simlar accuracy

Earlier recycling studies showed that both the KFM Cool'r Cean’r
Purification Systemand the FTI BE Series Engi ne Cool ant Recycl er
produce a product chemcally conpatible with and equal in
performance to virgin mlitary coolant.® (9.3 As with nileage
and hour data, coolant data obtained fromFt Bliss will serve as
a representative sanple for our denponstration sites as shown in
Tables 4 and 5. Slight fluctuations in all sanple




characteristics (i.e.,

pH Reserve Al kalinity,

trace netal s,

etc.) between the zero and three nonths are a result of normal

vehi cl e cool i ng system chem cal
anount of the original

because of
cause these f

Table 4. Ft

| uct uati ons.

dynam cs.

I n some cases,
antifreeze remaining in the cooling system
i nconpl ete flushing during the vehicle preparation may

a snal

Bliss Reserve Alkalinity, pH, and Freeze Point Data

Vehi cl e Type Ti me RA (m) pH FP (°F)
and No.
Bef ore Denp 5.4 8.8 -10
Type: M83 Zero Month 13 7.5 -32
3 Mont hs 11 8.4 -34
No. 3B-142 6 Mont hs Not tested Not tested -34
9 Mont hs Not tested Not tested Not tested
12 Mont hs 19.1 7.3 Of scale 7
Bef ore Denp 11. 7 7.5 Of scale
Type: MLO09 Zero Month 12.2 8.3 -23
3 Mont hs 11.9 7.9 -58
No. MX-1 6 Mont hs Not tested Not tested -57
9 Mont hs Not tested Not tested Not tested
12 Mont hs 14. 2 7.6 Of scale
Type: Bef or e Deno 17.4 7.6 Of scale
130G M | | Zero Month 17.6 7.5 Of scale
Caterpillar 3 Mont hs 13.7 8.1 -42
6 Mont hs Not tested Not tested -57
No. E571 9 Mont hs Not tested Not tested Not tested
12 Mont hs 14. 5 7.9 -40
Type: Bef or e Deno 19.2 7.4 Of scale
130G M I | Zero Month 13.2 8.2 -35
Caterpillar 3 Mont hs 13.8 7.9 -50
6 Mont hs Not tested Not tested -47
No. E579 9 Mont hs Not tested | Not tested | Not tested
12 Mont hs 17.3 7.6 Of scale

#-“of f scal e”

= freeze point bel ow —60°F




Table 5. Ft Bliss Metal Content, (ng/lL)

Vehi cl e Ti me Lead Copper  ron Al um num
Type and
No.
Bef ore Denp 8.4 0. 48 1.9 <0. 50
MB83 Zero Mont h 0. 54 <0.10 2.2 <0. 50
3 Mont hs 6.1 0.22 0.72 <0. 50
No. 3B-142 6 Months 15 0.34 1.0 <0. 50
Bef ore Denp 5.2 <0. 10 22 <0. 50
MLOO9 Zero Mont h 0. 50 <0. 10 3.1 <0.50
3 Mont hs 1.2 <0. 10 0.72 <0. 50
No. MX4-1 6 Months 3.6 <0.10 0.80 <0. 50
130G M 1| Bef ore Denp 89 5.0 9.2 1.0
Caterpillar Zero Mont h 0.70 <0. 10 2.6 <0. 50
3 Mont hs 109 3.4 6.0 <0. 50
No. ES571 6 Mont hs 27 2.2 3.0 <0. 50
130G M 1| Bef ore Denp 11 0. 34 17 <0. 50
Caterpillar Zero Month 0.62 <0. 10 3.1 <0. 50
3 Mont hs 11 0. 32 17 <0. 50
No. E579 6 Months 100 1.4 19 <0. 50

The 3B-142 “Before Denp” recycling sanple is believed to be
propyl ene glycol (PG based coolant froma previous vehicle
denonstration held at Ft Bliss between June 1994 and June 1995.
The 3B-142 “Before Denp” sanple characteristics correspond to
data col |l ected during the PG antifreeze denonstration.'?® The
effects of PG antifreeze are negligible because of the relatively
smal | anount of PG when conpared to the anmpbunt of EG in the
recycled batch. The general quality of the recycled antifreeze
vehicle sanples are all in acceptable ranges as shown in Tables 5
and 6, except for E571 “Zero Month” recycling sanple’ s freeze

point. Judging by the very |ow freeze point (i.e., below -60°F)
the sanpl e presumably contains nore than 60% by vol une EG

The four denonstration sites reported zero problenms with the
recycling equipnent, the recycled coolant, or the test vehicles’
engi ne cooling system COverall, the recycled antifreeze
performed adequately in all test vehicles at the four
denonstration sites.

Fol |l owi ng the denonstration, FLTT submitted an antifreeze
recycling questionnaire to each denonstration site (see
Attachnment 1). When asked to describe any likes or dislike of
the systens (both the KFM and the FTI recycler), all four

10




denonstration sites responded they |iked the equi pment because it
was easy to operate. Dislikes included:

m xi ng chemcals in the 55-gallon drunms for either the
FTI or KFM processed cool ant

changing the filters in the KFMrecycler (especially if
spent cool ant contained any “Stop Leak” additives)

di stingui shing between commercial antifreeze and M L-A-
461537 antifreeze

removing any oil contam nation fromthe FTI BE Series
Engi ne Cool ant Recycl er

mai ntai ning freeze point protection (EG content) in the
KFM Cool’r O ean’r Cool ant Purification System

Both the KFM and the FTI instruction manuals were easy to
understand and follow Each installation needed extra supplies
such as plastic druns, neasuring cups, chem cal storage units,
etc. Al four denonstration sites stored inhibitors in a
suitabl e chem cal storage container. The denonstration sites
used visual inspections, refractoneters, test kits, and our

| aboratory analysis to ensure quality of the recycled product.
The feedstock of spent cool ant should also be tested for freeze
point to ensure that the EG |levels are adequate for recycling

(1.e., at least 4 0% EGwth a freeze point of -12°F or |ower).
I'11. CONCLUSI ONS

Participating installations found both recyclers, the KFM Cool ' r
Clean’r Coolant Purification System and the FTI BE Series Engi ne
Cool ant Recycler, easy to operate. The instruction and/or
owner’s manuals for both units were easy to understand and

provi ded sufficient information to operate the nmachines
successfully. No major changes in the operating steps (found in
Attachnments 2 and 3) were necessary for recycling mlitary
antifreeze.

The installations disliked or found difficulty in handling,
measuring, and m xing the reinhibition chemcals for the
processed glycol. Reinhibition restores the corrosion protection
of the processed cool ant and cannot be elimnated. Drum punps or
drum m xers are hel pful when m xing inhibitors into drum size

vol unes of processed coolant. Plastic nmeasuring cups or
graduated cylinders should be used for neasuring |iquid vol unes
of inhibitor. Attachnments 2 and 3 describe the quantity of each
i nhi bitor necessary. The reinhibitor chem cals nust be added
according to the manufacturer’s recomendati ons and shoul d
treated with caution; wear safety equi pment such as gl oves and
goggl es and store chem cals in proper containers when not in use.

11



V. RECOMVENDATI ONS

The recycled antifreeze can be enployed in vehicles until the
solution tests below the “O K. or satisfactory” color chart range
of the Antifreeze Freeze Point and Corrosion Test Kit(® or
cont ai ns excessive debris as determned visually. |If the
antifreeze tests unsatisfactory or is visually contam nated with
dirt or other debris, the antifreeze should be recycl ed using

ei ther system

Do not use M L-A-53009® Additive, Antifreeze Extender Liquid
Cooling Systenms with the recycled antifreeze. M L-A-53009 was
designed to extend the service life of ML-A-46153" nilitary
antifreeze. Use of ML-A-53009 with recycled antifreeze may
result in conpatibility problens. ™

Each systemis designed to recycle used antifreeze continually as
long as sufficient glycol is present (i.e., coolant with at | east

40% gl ycol by vol une or possessing a freeze point of -12°F or

| ower (12:(13) © Al'so contamination with engine oil, transnission
fluid, solvent, etc., needs to be kept at a mninum|level (i.e.,
no contam nation) to avoid clogging the recycling unit. Cool ant
contamnated with oil nust sit for approximately two (2) weeks to

allow the coolant to separate fromthe contamnants. |If oi
contamnation is at a mnor |evel, an oil absorbent pad may be
used to skimthe oil layer off the coolant layer. Alternatively,

the cool ant | ayer may be drained or punped off if the oi
contam nation layer is too large to be skimed off. Dispose of
the oil |ayer per standard oil disposal procedures.

Antifreeze (virgin or recycled) should be stored in a suitable
size plastic container (i.e., 55-gallon drum). Storing
antifreeze in netal containers will deplete the corrosion
protection of the cool ant and may cause engine failures.® her
itens useful to the recycling process include but are not limted
to: drummxers or drumpunps to mx inhibitors with processed
antifreeze, oil adsorbent pads to skimoff any oil contam nants,
pl asti c nmeasuring cups for adding inhibitor chem cals, and proper
storage containers for chemcals and recycled antifreeze.
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VI. REFERENCES

The follow ng references were used to wite this report and
shoul d be consulted for additional information concerning
recycling used antifreeze:

1. U S Arny Tank-autonotive and Armanents Command Resear ch,
Devel opnent and Engi neering Center, “Antifreeze Recycling
Users Quide”, May 1997.

2. U'S. Arny Tank-autonotive Command, Mbility Technol ogy
Center-Belvoir, Ft Belvoir VA, Technical Report #TR-13644,
“Propyl ene dycol Antifreeze Study”, February 1996.

3. US Arny Tank-autonotive Command, Mbility Technol ogy
Center-Belvoir, Ft Belvoir VA, Technical Report #TR-13646,
“Singl e Reinhibition Package Study for Use with Certified
Antifreeze Recycling Systens”, by Dwayne Davis, February
1996.

4. U S. Arny Tank-autonotive Command, Mobility Technol ogy
Center-Belvoir, Ft Belvoir VA, Technical Report #TR-13638,
“Second MIlitary Antifreeze Recycling Study”, by Dwayne
Davis, May 1994.

5. US. Arny Belvoir Research, Devel opnent, and Engi neering
Center, BRDEC Report #2520, “An Evaluation of Three
Commerci al Processes for Recycling Used Mlitary Antifreeze
M L- A-46153”, by Dwayne Davis, June 1992.

6. U S. Arny Belvoir Research, Devel opnent, and Engi neeri ng
Center, Letter Report, “Analysis of Contam nated Mlitary
Antifreeze Stored in an Unlined Metal 55-gal Drum” by
Dwayne Davis, May 1989.

7. Mlitary Specification ML-A-46153 Antifreeze, Ethylene
A ycol, Inhibited, Heavy Duty, Single Package.

8. Mlitary Specification ML-A-11755 Antifreeze, Arctic-Type
Antifreeze.

9. Mlitary Specification ML-A-53009 Additive, Antifreeze
Ext ender Liquid Cooling Systens.

10. Commrercial Item Description A-A-52624 Antifreeze, Milti
Engi ne Type.

11. Comrercial Item Description A-A-870 Antifreeze/ Cool ant,
Engi ne: Ethyl ene G ycol, Inhibited Concentrated.
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12.

13.

Commercial Item Description A-A-53426 Tester,
Battery El ectrolyte Sol ution.

Antifreeze and

Comrercial Item Description A-A-51461 Test Kit, Antifreeze

Freeze Poi nt and Corr osi on.
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ATTACHVENT 1:
ANTI FREEZE RECYCLI NG QUESTI ONNAI RE
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ANTIFREEZE RECY CLING QUESTIONNAIRE

Please take a moment to answer the following questions regarding the installation and operation of your antifreeze
recycling unit.

Ms. MariaE. Goetz
AMSTA-TR-D/210
U SARMY TANK AUTOMOTIVE AND ARMAMENTS COMMAND
WARREN MI 48397-5000
FAX: 810-574-4244
VOICE: 810-574-4219

Which recycling unit are you using? Please circle one: FTI BE Series KFM (BG) Cool’r Clean'r

What did you like about your antifreeze recycling unit?

What did you didlike about your antifreeze recycling unit?

What were some items that were difficult when recycling antifreeze?

Was the owner’s manual easy to follow? If not, what was difficult to understand?

What would you do to make recycling easier? Would you change any steps that were included in the manual ?

What types of external supplies did you use when recycling? Did you need to purchase any supplies other than
what was given to you?

What measures did you take to contain hazardous substances used (such as inhibitors)? Did you storethemin a
specified area and container?

How did you monitor quality of the used antifreeze prior to recycling?

How did you monitor quality of the recycled product?

Did you pre-treat the used antifreeze in any way prior to recycling?

16



ATTACHVENT 2:
START- UP AND OPERATI NG | NSTRUCTI ONS
KFM COOL" R CLEAN R COOLANT PURI FI CATI ON SYSTEM
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| NI TI AL START- UP AND OPERTI NG | NSTRUCTI ONS
FOR KFM COO ANT PURI FI CATI ON SYSTEM

Renove bucket and bucket contents (hoses, etc). Place enpty
bucket under side drain hose.

Pl ace the hose with the two (2) female fittings on inlet
fixture and place the hose with the two (2) male fittings on
outlet fixture.

Pl ace both inlet and outlet hoses in bucket to catch any
overfl ow.

Check pressure release valve for | ooseness at nut. Tighten
nut if necessary.

Pl ace tanks in unit. Place yell owmarked tank on yell ow side
of unit and place second tank accordingly. Place tanks such
that the "in" and "out" signs on each tank are clearly
readable to a user facing the rear of the unit.

Attach tank hoses to tanks by lifting sleeves. Hoses are
attached for "in series" flow pattern.

Renove excess engine oil, brake fluid, and/or transm ssion
oil, etc., fromused antifreeze to be recycl ed. Make sure
antifreeze contains at |east 40% et hyl ene glycol or has a
freeze point of -12°F or lower. Place inlet hose in plastic
drum of used antifreeze to be recycled. Place outlet hose in
a clean plastic drum (the outlet drum.

Add 220 ounces of KFM Additive Part Ato the enpty, clean drum
(the outlet drum.

Turn on unit and allow 10 to 15 gallons of recycled antifreeze
to enter drum Stop unit. Add 220 ounces of KFM Additive
Part B to the outlet drum

10. Turn on unit and continue to recycle until the outlet drumis

almost full. Do not conpletely fill outlet drum All ow
outl et drum space for expansion.

.Before turning unit off, release any system pressure by
turning on the pressure release switch. System pressure also
shoul d be rel eased before renoving /changing tanks, filters,
and/ or charcoal canisters.

U.S. Arny Tank Autonotive Command, Mobility Technol ogy Center-Belvoir, April
1996.
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Hel pful Tips for KFM Cool ant Purification System

The recycled antifreeze nmay have a different freeze point than
t he spent cool ant feedstock due to the contents of the tanks.
For exanple, each tank contains approximtely 4.5 gallons of
wat er upon initial shipnment.

The recycled antifreeze shoul d appear clear as water before the
additives are added. A constant red (conductivity) light and
slightly colored recycled antifreeze indicate tanks should be
changed. New tanks may cause the red light to flicker
periodically due to air in the tanks.

Cl ogged micron particle and/or charcoal filters cause the unit to
“run slow' and the filter/punp pressure to rise above the nornal
operating pressure range of 35 to 40 psi. Change filters when
pressure becones excessive and unit runs noticeably sl ow
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Qui de for adding KFMinhibitors

Cool ant Vol une I nhi bi tor Cool ant Vol une I nhi bi t or Cool ant Vol une I nhi bi t or
Quarts Gallons Add A B (oz) Quarts Gallons Add A B (0z) Quarts Gallons Add A B (0z)
1.00 0. 25 1 50. 00 12.50 50 99. 00 24.75 99
2.00 0. 50 2 51. 00 12. 75 51 100. 00 25. 00 100
3.00 0.75 3 52. 00 13. 00 52 101. 00 25.25 101
4,00 1.00 4 53. 00 13. 25 53 102. 00 25.50 102
5. 00 1.25 5 54. 00 13.50 54 103. 00 25.75 103
6. 00 1.50 6 55. 00 13.75 55 104. 00 26. 00 104
7.00 1.75 7 6. 00 14. 00 56 105. 00 26. 25 105
8. 00 2.00 8 57.00 14. 25 57 106. 00 26. 50 106
9. 00 2.25 9 58. 00 14.50 58 107. 00 26. 75 107
10. 00 2.50 10 59. 00 14.75 59 108. 00 27.00 108
11. 00 2.75 11 60. 00 15. 00 60 109. 00 27.25 109
12. 00 3.00 12 61. 00 15. 25 61 110. 00 27.50 110
13. 00 3.25 13 62. 00 15.50 62 111. 00 27.75 11
14.00 3.50 14 63. 00 15. 75 63 112. 00 28. 00 112
15. 00 3.75 15 64. 00 16. 00 64 113. 00 28. 25 113
16. 00 4,00 16 5.00 16. 25 65 114. 00 28.50 114
17.00 4,25 17 66. 00 16. 50 66 115. 00 28.75 115
18. 00 4,50 18 67.00 16. 75 67 116. 00 29. 00 116
19. 00 4,75 19 68. 00 17.00 68 117. 00 29. 25 117
20. 00 5.00 20 69. 00 17. 25 69 118. 00 29.50 118
21.00 5. 25 21 70. 00 17.50 70 119. 00 29.75 119
22.00 5.50 22 71.00 17.75 71 120. 00 30. 00 120
23.00 5.75 23 72.00 18. 00 72 121. 00 30. 25 121
24.00 6. 00 24 73.00 18. 25 73 122. 00 30. 50 122
25. 00 6. 25 25 74.00 18. 50 74 123. 00 30. 75 123
26. 00 6.50 26 75. 00 18. 75 75 124. 00 31. 00 124
27.00 6.75 27 76. 00 19. 00 76 125. 00 31. 25 125
28. 00 7.00 28 77.00 19. 25 77 126. 00 31.50 126
29. 00 7.25 29 78. 00 19.50 78 127. 00 31.75 127
30. 00 7.50 30 79. 00 19. 75 79 128. 00 32.00 128
31. 00 7.75 31 80. 00 20. 00 80 129. 00 32. 25 129
32.00 8. 00 32 81. 00 20. 25 81 130. 00 32.50 130
33.00 8. 25 33 82. 00 20.50 82 131. 00 32.75 131
34. 00 8. 50 34 83. 00 20. 75 83 132. 00 33. 00 132
35. 00 8.75 35 84. 00 21.00 84 133. 00 33. 25 133
36. 00 9. 00 36 85. 00 21.25 85 134. 00 33.50 134
37.00 9.25 37 86. 00 21.50 86 135. 00 33.75 135
38. 00 9.50 38 87.00 21.75 87 136. 00 34. 00 136
39. 00 9.75 39 88. 00 22.00 88 137. 00 34. 25 137
40. 00 10. 00 40 89. 00 22.25 89 138. 00 34.50 138
41. 00 10. 25 41 90. 00 22.50 90 139. 00 34.75 139
42.00 10. 50 42 91. 00 22.75 91 140. 00 35. 00 140
43. 00 10. 75 43 92.00 23.00 92 141. 00 35. 25 141
44,00 11. 00 44 93. 00 23.25 93 142. 00 35. 50 142
45. 00 11. 25 45 94. 00 23.50 94 143. 00 35.75 143
46. 00 11.50 46 95. 00 23.75 95 144. 00 36. 00 144
47.00 11.75 47 96. 00 24.00 96 145. 00 36. 25 145
48. 00 12.00 48 97. 00 24.25 97 146. 00 36. 50 146
49. 00 12.25 49 98. 00 24.50 98 147. 00 36. 75 147
Page 1
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Qui de for adding KFMinhibitors

Cool ant Vol une I nhi bitor Cool ant Vol umne I nhi bit or
Quarts Gllons Add A B (0z) Quarts Gallons Add A B (0z)
148. 00 37.00 148 197. 00 49, 25 197
149. 00 37.25 149 198. 00 49. 50 198
150. 00 37.50 150 199. 00 49,75 199
151. 00 37.75 151 200. 00 50. 00 200
152. 00 38. 00 152 201. 00 50. 25 201
153. 00 38. 25 153 202. 00 50. 50 202
154. 00 38. 50 154 203. 00 50. 75 203
155. 00 38. 75 155 204. 00 51. 00 204
156. 00 39. 00 156 205. 00 51. 25 205
157. 00 39. 25 157 206. 00 51. 50 206
158. 00 39. 50 158 207. 00 51.75 207
159. 00 39. 75 159 208. 00 52. 00 208
160. 00 40. 00 160 209. 00 52. 25 209
161. 00 40. 25 161 210 Q0 52. 50 210
162. 00 40. 50 162 211.00 52.75 211
163. 00 40. 75 163 212.00 53. 00 212
164. 00 41. 00 164 213.00 53. 25 213
165. 00 41. 25 165 214.00 53. 50 214
166. 00 41. 50 166 215. 00 53. 75 215
167. 00 41. 75 167 216. 00 54. 00 216
168. 00 42.00 168 217.00 54. 25 217
169. 00 42. 25 169 218. 00 54. 50 218
170. 00 42.50 170 219. 00 54.75 219
171. 00 42. 75 171 220. 00 55. 00 220
172.00 43. 00 172
173. 00 43. 25 173
174. 00 43. 50 174
175. 00 43. 75 175
176. 00 44,00 176
177.00 44, 25 177
178. 00 44,50 178
179. 00 44,75 179
180. 00 45. 00 180
181. 00 45, 25 181
182. 00 45, 50 182
183. 00 45,75 183
184. 00 46. 00 184
185. 00 46. 25 185
186. 00 46. 50 186
187. 00 46. 75 187
188. 00 47.00 188
189. 00 47. 25 189
190. 00 47.50 190
191. 00 47.75 191
192. 00 48. 00 192
193. 00 48. 25 193
194. 00 48. 50 194
195. 00 48. 75 195
196. 00 49. 00 196

Page 2
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antifreeze recycling by . . . !
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ATTACHVENT 3:
START- UP AND OPERATI NG | NSTRUCTI ONS
FTI BE SERI ES ENG NE COOLANT RECYCLER

~ Operating the BE-55C ~
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CAUTI ON:
ALWAYS WEAR SAFETY GOGGELES, PROTECTI VE CLOTHI NG, AND GLOVES

2.
3.

5.

WHEN OPERATI NG THI'S UNIT.

Position your two collection drunms to the right of the BE-55C and

insert the unit's hoses into the druns.
of the processed liquid to cover these hoses to prevent
liquid frombeing drawn back into the process

the | evel
over - pressure or

t ank.

Insert the clear, braided Fil

Cl ose both the Fil

Take care to not all ow

Hose into your waste cool ant drum

VACUUM GAUGE

PROCESS

OFF ON

FILL

OFF ON

DRAIN ASSIST

OFF ON

Depress the Process Switch to
illum nate, the cycle begins,

the process is conplete (usually I ess than 20 hours),
and the light wll
Switch illumnates during the process while the Fil

nmove to the OFF position
If the Fill

will
NOTE:

t he
and vu 1.

Val ve and the Drain Val ve.

Depress the Fill Switch. Them
will begin to register on the
Vacuum Gage. Wen the vacuum
reaches -10" to - 15" Hg.,
open the Fill Valve to all ow
the waste cool ant to be drawn
into the process tank. The
Fill Switch will automatically
di sengage when approxi mately
55 gallons is drawn into the
tank. Close the Fill Valve.

If less than 55 gallons is to
be processed, manually

di sengage the Fill Sw tch when
the waste coolant drumis
enpty and cl ose the Fil

Val ve.
NOTE: Do not over-fill the
Process tank. Fill only from

a 55-gallon drum Processing
bat ches | ess than 55 gall ons
can result in inconsistent

yi el ds.

NOTE: The BE-55C i s not
designed to process notor
oils. Every attenpt mnust be
made to prevent oil and debris
fromentering the Process
Tank. Failure to do so wll
result in poor quality product
and coul d danage the BE-55C

1HHUVV 1 UliviL 1l VIl auLuliat i1 val 1 y.

go out.

24

veien

the Process Switch



Switch is in the OFF position, the distillate overtenp swi tch has
activated. This indicates that the unit is in a cool-down node. The
process will resume when the distillate tenperature cools.

6. The Processed Water and Processed dycol are now ready for m xing and
Rei nhibiting refer to the Addi ng Rei nhi bitors/Freeze Point Check
instructions at the end of the manual). The Processed dycol nornmally
cont ai ns about 10-20% wat er .

7. Allow the BE-55C to cool for at least two to three hours.
NOTE: Warm resi dues flow easier than cold residues.

7. Use the Drain Assist to renove the residues fromthe process tank to a
wast e contai ner.

CAUTI ON:
LI QUI D DRAI NED FROM THE PROCESS TANK CAN REMAI N VERY HOT FOR MANY
HOURS. USE EXTREME CARE WHEN DRAI NI NG

8. Place the Black Drain Hose into a netal waste container. Depress the
Drain Assist Switch and carefully open the Drain Valve. Air will begin
to push the residues into your waste container. Wen residue no |onger
is flowing, and only air is comng out of the hose, close the Drain
Val ve and push the Drain Assist Switch to the “off” position. Open
t he manual drain valve and allow any remaining liquid to flowinto a
catch pan, then cl ose the valve.

NOTE: Use only the special high tenperature Black Drain Hose on the air
Assi sted residue drain. Oher hose types nmay burst due to high
t enper at ur e.

9. Dispose of residue properly in accordance with Federal, State and Local
regul ati ons.

10. Perform nmai nt enance as outlined in the "M ntenance Schedul e" section of
thi s nanual .

NOTE: Residues nust be drained after every run. Failure to do so will result
in poor quality product and will danmage the BE-55C

NOTE: If less than 5 gallons of residue is drained, or the material is the
consi stency of tar, a cleaning cycle nust be perforned before attenpting
anot her waste cool ant cycle (refer to the "Miintenance Schedul e" section of
this manual).

NOTE: Never re-run residues or m x residues with waste coolant to re-run.
Doing so will result in poor quality product and will damage the BE-55C.

M L- SPEC
Addi ng Rei nhi bi tors/Freeze Point Check

Caution: Follow these steps to ensure that: the distilled glycol is property
rei nhi bited:

Step | Add 4 ounces of reinhibitor #1 for each gallon of distilled ethylene
glycol. Mx well.
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Step | Add 4 ounces of #2 for each gallon of distilled glycol. Mx well.

Step | Pour or punp 4 ounces of the @ited glycol distillate into the

3 supplied neasuring cup or other suitable container as a test
sanmpl e.

Step | Add 4 ounces of BE processed water or tap water to a 4 ounce test

4 sanple of inhibited, distilled ethylene glycol.

Step | Using a refractoneter (for nost accurate results) or hydroneter,

5 check the freeze point of the test sanple.

Step |Use chart 1 belowto add the correct volume of water to produce a
6 50/ 50 cool ant m xture.

Step | Recheck the freeze point after the addition of the water. 50/50
7 cool ant has a freeze point of -34° F

Gallons of Distilled Ethylene dycol

Freeze 3 6 9 12 15

Poi nt Gal | ons Gal | ons Gal | ons Gal | ons Gal | ons
-34" F 3.0 6.0 9.0 12.0 15.0
-30° F 2.8 5.6 8.4 11.2 14.0
-25° F 2.6 5.2 7.7 10. 3 12.8
-20° F 2.3 4.6 6.9 9.2 11.5
-15° F 2.0 4.0 6.0 8.0 10.0
-10° F 1.7 3.4 5.1 6.8 8.5
-5°F 1.3 2.6 4.0 5.3 6.7
-0'F .9 1.8 2.8 3.7 4.7

Gal l ons of Water Required for a 50/50 m xture

Chart 1
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