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ABSTRACT

The object of this study was to evaluate a test kit for the deter-
mination of the freezing point of antifreeze solutions in the field.

The kit consists of a plastic strip 3-1/4 inch by 1/4 inch with a
dry reagent pad !/h-inch square attached to one end. The reagent pad
is chemically impregnated so that it changes color when dipped inteo
various concentrations of ethylene glycol. The kit was tested in the
laboratory with various antifreeze solutions. It was also tested on

the antifreeze in approximately 90 military vehicles selected at random
at Aberdeen Proving Ground, Maryland.

These preliminary studies show that the kit would have some value
as a test item in the field. Its value would be limited by its accuracy
range and interference by fluorescent dyes and discolored solutions.

.




o

R T

R —— PRI e Ao, oS bR

i} . T s s, gt a g T N i TR ey * R LR
i R TG A, st T e - SRR GEESR S SEa ’

N ottt e, PEEY ARt s A LRI ES R IS Rl - )
T T R G PRI ISR MM, o TFTATG - v R T

LTS R AR TR S AN TSI RR

for L

L ek e re m————" AP

TABLE OF CONTENTS

TITLE PAGE .. ivtiriiiiiiiieiennserosnosacesenessreoansanns i
ABSTRACT .. vitieirinnnnnrncccnnns Cesseesenes crereereneanan ii
INTRODUCTION. e v viiineiennnnncnnnanns fetrereteciteanaos ]
DETAILS OF TEST +.vivurieerusosesessssssscnsscsossasasacnns 1 -2
RESULTS OF TESTS tiveivrnneneeenceacacennssssesnsoanasnsass 2
DISCUSSION AND CONCLUSIONS ..... Ceesescseesressasereocenes 3
REFERENCES ........... N feteeresasssesceansesannnns 3
APPENDIX A ...... Creesrseeiaaareesnne ceeeeean Ceeeeeaae . b
Tables | = 1l couiiiiiieiinienenane Pteeercasairenanannan 5-17
APPENDIX B tviiviernrenrnnncnnnocanass Ceeesesereneniaenaas 8
Photodraph 1 u.uiiiriniiriennerinseotecinnennessossonnas 9
“'STRIBUTION LIST ..... Cereaens Cee ettt eseraatsaebenans 10 - 11

DD FORM 1473 oiiiiiiiiiiiiiiiiiiineennennn Ceeeraeiieeens 12




g . - o " N T
T ahers ot o iava e v AR SO . xR
£ T o 7oy L RSN e SO R . e e s AL D S el
ISR G s O S T .

O R

I. INTRGDUCTION

Prior to 1968, it was Army policy to determine the freezing point
of antifreeze solutions in the field by means of a hydrometer type
freezing point tester. A study conducted in 1968 and reported in CCL
Report No. 245 compared all antifreeze freezing point testers and re-
sulted in the recommendation that the Prestone Vu-Chek Antifreeze and
Battery Tester replace the specific gravity hydrometer as the standard
instrument for determining freezing points of glycol antifreeze solutions
in military vehicles. This refractometer is accurate, self-contained,
sturdy, rapid, easy to use, and easy to keep clean. Hydrometers were
found to be relatively inaccurate, difficult to read and use correctly,
and hard to clean. Subsequently, the Vu-Chek refractometer was placed
in the Federal Supply system (FSN 6830-105-14,8) and is being widely
used.

The Ames Division of Miles Laboratories, Elkhart, Indiana, had
previously developed a test ki: for the determination of potential cer-
rosion in »ntifreeze solutions. This kit consisted cf a plastic strip
with an in, regnated reagent pad attached to one end (Ref. 5). \Using
this principal, and in the interest of supplying a simple device for
measuring freezing point which could be carried in each vehicle, they
impregnated the pad with a chemical which changes color at various con-
centrations of ethylene glycol. By making use of a color chart which
correlates glycol concentration with freezing point, the freezing point
of the antifreeze can be determined by dipping the test reagent pad into
the antifreeze and matching the resulting color with the chart.

Since this type of test would be very inexpensive, it was consid-
ered advisable to evaluate it for possible inclusion in the tool kits
of military vehicles.

This report includes the details and results of the preliminary
evaluation of this test kit.

I1. DETAILS OF TEST
A. Test Kit.
1. Composition (See Photo No. 1).

a) The test strip is a plastic strip 3-1/4 by 1/4 inch
with a dry reagent pad 1/4 inch square attached to one end. The reagent
pad is chemically impregnated so that it is sensitive to the concentra-
tion of ethylene glycol. It is initially yellow in color and turns to
various shades of light green to light blue as the glycol concentration
increases. Color charts cen be established to any desired reference
point. The charts which were used in the tests conducted by this Labor~
atory contained reference points at +10°, 0°, -10° and ~30°F.




b} The strips were packaged in an amber glass or HD
polyethylene bottles. A desiccant was inclosed within =ach bottle.

2. tnstructions for Use.

P

a) Dip the strip in the coolant and remove immediately.
b) Match the reagent pad color to the color chart.
¢) Read ine freezing point indicated.

(Estimates may be made for colors between the reference colors on
the chart.)

8. Tests Conducted.
1. Laboratory Tests.

Thirty ethylene glycol antifreeze solutions were prepared
at concentrations which gave freezing points from +26° to -70°F. Anti-
freezes from six commercial and three military sources were used. Five
automotive mechanical and field maintenance personnel were invited to
test each solution with the test strips and give their opinion of the
freezing point of the antifreeze solutions. The results of this test
are tabulated in Table }.

2. Vehicle Tests.

Two technicians were stationed at one of the post facilities
used for servicing military vehicles. Tests were conducted on samples
from approximately 90 vehicles which ccme for service over a two day
period. The freezing point of each sample was determined by one tech-
nician using the antifreeze and battery tester (refractometer). The
second technician determined the freezing point by the test strip. Re-
sults are included in Table |}. No attempt was made to obtain the vehicle
history. Vehicles were chosen at random without regard to type or year.

{11, KESULTS OF TESTS

An examination of Table | will show that of those values which fall
within the freezing point range of the test, only 6.6% of the recorded
values deviate from the refractomecer freezing point by more than 10°F.

In the vehicle survey 5.6 of the values which could be measured
deviated from the refractometer freezing nocint wore than 10°F. In the
majority of the cases where deviation ovar 10°F. was recorded, rust
masked the color change of the test strip. In addition, 16.8% of the
antifreezes samples contained sc awcn rust that it was impossible to
determine the color of the strip.




IV. DISCYSSION AND COWCLUSIONS

The results of the two tests conducted during this study shows that
the tese strip would have spplication when used to test ciean antifreeze
solutions. If the solutions are rusty the results are masked. Cuvoling
systems of military vehicles which are properly maintained in line with
requi rements spelled out in TB 750-651, dated January 1371, should not
contain rust, sc the strip would give a rapid and inexpensive estimation
of the freexing point of the antifreeze. !f the freezing point test strip
was used in conjunction with the corrnsion test strip, field maintenance
personnel could readily detect improper ant.freeze coolant. The i}0°F.
accurau - found in the tests conducted in this study would limit the use-
fulness of the freezing point strif and would te the governing factor
concerning its military applicatior.
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The fluorescent dye used in the Arctic Antifreeze (MIL-A-11755) also
masks the color changs of the strip, sc it would not have application in
areas where the Arctic antifreeze is used.

. mriemg
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. TABLE 1
‘; fomparison of Refractometer Freeze Point Values With
g Dipstick Values - Non-Technica! Personnel
3
fi Refrac-
# tometer
3 Sample Freeze Operator No.
¥ Antifr-eze Color Conc. No. Pt., °F. 1 2 3 4 5
- - 10% 1 +26 +10 +10 + +10  +10
e Commercial Blue-
é A ' HeTsreen 3oy 2 +3 0 0 J +5 -5
K! 50% 3 -35 -20  -20 -30 -30 -30
‘A - 20% 4 +15 +10 +15 +65 +6 45
: Commercia! FI
g B L oreseent gy s -12 =15 -25 =20 =25 20
4 60% 6 -50 =30 =30 -30 =30 -30
G c : . 50% 7 -35 -30 -20 =30 -30 =30
2 ogmercnal Blue-green 309 8 + noo+5 0 +2 410
H 10% 9 +24 +10 +10 +10 +i5 +10
4 , 60% 10 -50 -30  -30 =30 -45 =30
: C -
k. agmercual Blue-green 102 1 e 2 -5 <20 -12 -lo
jf 20% 12 +1& +5 410 +10 +1] +10
N c : 303 13 +2 -5 -5 -5 0 0
; ommercial - Green 10 14 #2b 41 +10 410 +15  :10
’5 50% 15 =35 -30  -27 -30 -ho  -30
* , 3 5% 16 -13 -13 -22 -0 -5 -5
4 Co?merc:al Blue-green 203 17 +15 £6 +12  +15  +10  +10
60y 18 -50 -30 _-32 -30_ -35 -30
. 10% 19 +24 +10 +9 +10 + & 420
MIL-A- -
L2]§3 Blue=green 260 20 +15 +6 +8 +10 +2 +10
30% 21 + 5 -3 -7 o -5 -5
Lng 22 -11 -15 =14 -20 =12 -5
50% 23 -32 =30 -26 -30 -32 -20
60% 24 =50 -30 -30 -30 -30 -30
p: 0-A-548 Blue-green  20% 25 +15 +8  #13 +10  +15  +10
g Type | + 10% 26 +23 +10 +16 +20 +20 +20
i Inhibitor 30y 27 + 4 -2 -3 -0 0 -5
0-A-548 Blue-green 60% 28 -50 -320 -2 -40 -30 -30
Type i 50% 29 -28 -25 -15 -2C -30 -20
oY% 30 -10~ -12 -7 -15 -20 -5
NOTL: Some operators preferred to estimate values between those listed in

the dipstick chart.
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TABLE

Refractometer Freeze Point Versus Dipstick Freeze Point

Vehicle

No.

752
228
632
375
802
324
Fork Lift
134
871
265
806
433
771
852
38
679]
978
318
807
842
596
623
532
669
874
866
600
868
564
353
sh1
189
43
169
539
241
2519
869
621
995
664
559
645

Refractometer
Freeze Point, °F.

-5
-48
-2]
-
-3
=14
<-50
+23
-10
-29
-34
-25
{-50
+10
-30
-10
-18
..]5
=21
-20
-45
{-50
-40
+25
{-50
+18
-20
<-50
-30
-5
-10
+24
+32
-8
{50
+32
-35
0

+ 8
{-50
{~50
-27
<{~50

4

(Rusty)
(Rusty)
(Rusty)
(Rusty)

(Rusty)
(Rusty)

(Rusty)
(Rusty)
(Rusty)

(Rusty)

(Rusty)

(Rusty)

Dipstick
Freeze Point, °F.

~-10
<-30
=10
-5
+5
-10
{-30
+10
-10
-10
<-30
-30
Brown
Bicwn
Brown
>+10
-25
-25

(-30
{-30
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Vehicle
No.=

732
P14
165
638
219
224
225
2572
79
103
574
583
592
536

54y
2540
862
755
298
678
850
631
651
286
305
771
150

NOTES:

TABLE 11

Refractomete
Freeze Point, °F.

~ Continued

+27 (Rusty)
-21 (Rusty)
<-50 (Rusty)
-15
<-50
=20
-36
-25
{-50
-22
-5]
-40
+15
-25 (Rusty)
-45
-20
-40
+28 (Rusty)
<-50
-12
+32 (Rusty)
+21

-‘5
-5
-25
+19
0
+20 (Rusty)
+30 (Rusty)
-35
+ 6
<-50 (Rusty)
=10 (Rusty)

Brown - impossible to'interpret.

Antifreeze samples taken from Army vehicles at Aberdeen Proving

Ground, Maryland.

Dipstick
Freeze Point, °F.

Brown
-10
Brown
-6

<-30
-22
{330
-30
<{-30
-10
<-30
-30
+10
8rown
<-30
-30
<-30
Brown
{-30
-20
Brown
+10
D+10
-20
0
-30
{-30
{+10
{-30
<30
>+10
-30
<-30
<-30
+10
=20
-10
-30
>+10
-10
Brown
Brown
-30
+10
Brown
Biown
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