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PYRE-M.L. Wire Enamel 
Table 1 

Pyre-M.L. products are part of a family of materials 
based on aromatic polyimides which are one of the most 
thermally stable organic materials. These products include 
Pyre-M.L. Wire Enamels, Pyre-M.L. Liquid "H" Enamels, 
Pyre-M.L. Insulating Varnish, and Pyre-M.L. Thinner Table 
1 describes these products and their associated codes/ 
grades. 

During decades of commercial and military use, 
Pyre-M.L. Wire Enamels have been recognized as having 
the finest thermal stability, radiation resistance, solvent 
resistance, cryogenic resistance, and electrical 
properties of any enamel available. Precisely because of 
these properties, Pyre-M.L. has been used in motors, 
generators, transformers, and other apparatus which 
operate continuously at temperatures up to 240°C. 
Pyre-M.L. is also useful in heavy duty motors which, due 
to temporary extreme overloads, acceleration torques, or 
stalls, are subjected to even higher temperatures (up to 
400°C) for limited periods (see Graph No. 1) . Its thermal 
stability and very low tendency to give off volatile mat
ters has led to its use in sealed relays designed for use in 
vacuum. The almost absolute insolubility of Pyre-M.L. has 
led to their use in hermetic refrigeration systems and cer
tain liquid filled transformers. Pyre-M.L. products are U.L.® 
approved. 

Description of Product 

Pyre-M.L. wire enamels are solutions of polyamic 
acids formed by reacting aromatic diamines with aromatic 
dianhydrides. Sometimes aromatic hydrocarbon or xylene 
solvent is added as a diluent. The monomers used in Pyre-
M.L. formulation and the accompanying reaction are shown 
in figure 1. Various grades of Pyre-M.L. enamels with their 
properties/specifications are described in Table 2. 

Pyre-M.L. wire enamels can be applied to all sizes 
of round, square, and rectangular wires by conventional 
die coating techniques. They have also been applied to 
irregular surfaces using other techniques such as spraying, 
drop dispense, and brushing. Copper, aluminum, brass, 
nickel, and chrome alloy have all been coated successfully. 
Pyre-M.L. has also been used for coating glass served wire 
and special hook up wires insulated with surface treated 
Teflon® fluorocarbon resin. 

LIST OF PYRE-M.L. PRODUCT OFFERINGS 

Cateaorv 1ST Code Tech. Bull 

Wire Enamel RC-5019 
RC-5057 
RC-5069 
RC-5083 

ML-1-95 

Insulating Varnish RK-692 ML-2-95 

Liquid "H" Enamel RC-5097 ML-3-95 

Thinner T-8585 ML-4-95 

Figure: - 1 
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Viscosity Stability 

The viscosity, as manufactured, is not stable but 
gradually drops by 35%, and then increases to gel. Ge la 
tion occurs in approximately 14 days at 120°F (49°C), 30 
days at 100T (38°C), and 90 days at 7 7 T (25°C). At 4 0 T 
(4°C), it will not gel in one year. Hence, it is recommended 
that Pyre-M.L. be stored under refrigeration conditions prior 
to use. Pyre-M.L. is stored at 40°F in the Pyre-M.L. 
manufacturing plant warehouse in Parlin, New Jersey, 
USA. Storage in an unheated building may be acceptable 
during winter. Viscosity measurements are strongly af
fected by temperature. See Graph No.2 for 
temperature-viscosity conversion. 

Moisture contamination has a detrimental effect on 
viscosity stability, and hence, must be avoided. Allow all 
chilled containers to reach room temperatures before 
opening them to avoid moisture from condensing. 

Properties of Magnet Wire Coated with Pyre-
M.L. Enamel: 

Thermal Properties 

Tests made according to IEEE 57 or A S T M D2307 
indicated that wire coated with Pyre-M.L. has a thermal life 
of 20,000 hours at 243°C. This value was obtained with no 
extrapolation. Samples aged at 200°C and 220°C show 
no failures after 40,000 hours at which time the test was 
discontinued. Again, refer to Graph No.1 which shows the 
thermal life of wire coated with Pyre-M.L. based on data 
from four different laboratories. Temperature Vs . Weight 
Loss is shown in Table 3. Wire coated with Pyre-M.L. is 
suitable for use in Class H or 220°C insulating systems. 

Table 2 

PYRE-M.L. PRODUCTS SPECIFICATION 
I.S.T (USA) CORPORATION OFFERINGS 

Code RC-5019 RC-5057 RC-5069 RC-5083 

Solicis(%)(1) 15.0-16.0 14.5-15.5 12.3-13.3 18.0-19.0 

5-12 20-40 
Viscosity 
(Poise)(2) 50-70 50-70 

NMP(%) 

Aromatic 
Hydrocarbon(%) 

DMAC 

LBS/Gal 
(+/-0.05) 

KGS/Gal 
(+/-0.05) 

Solvent System 

100 75-85 

15-25 

0 0 

Density 

9.11 8.80 

4.13 3.99 

75-85 

15-25 

0 

15 

0 

85 

8.72 8.57-8.67 

3.96 3.89-3.94 

Graph No. 1 
Thermal Life - Unvarnished PYRE-M.L.® 
Coated Wire 
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Graph No. 2 
Effect of Temperature on Viscosity of 
Pyre-M.L. Wire Enamel 

T e m p . , - C 5 10 15 20 25 30 35 

Note-(l) NEMA Test Method - 2gm/2hr/200°C Bake 
(2) Measured at 25°C with Brookfield Viscometer #3 Spindle @ 12 RPM Page 2 



Table 3 

Weight Loss at Elevated Temperatures 

Hours At 220°C %Loss 
2300 3.3 
6900 4.8 
13000 5.6 

Hours At 240°C %Loss 
2300 5.0 
6200 9.0 
12500 13.4 

Hours At 260°C %Loss 
2200 10.5 
6500 23.2 
11500 27.1 

Hours At 300°C %Loss 
144 4.1 
195 5.1 
404 7.0 
500 8.3 
645 8.3 
808 8.3 

Electrical Properties 

The electr ical propert ies are remarkably stable 
over a wide range of temperatures a s il lustrated in 
Table 4. 

by exposure for 150 days to F R E O N 116 (hexafiuo-
roethane) F R E O N C 3 1 8 (octaf lourocyclobutane), 
or nitrogen at 300°F. C l a s s H dry type transformers 
util izing magnet wire coated with P y r e - M . L . are in 
commerc ia l use . 

Dielectric Liquid Resistance 

Laboratory tests indicate that moderate ly or 
thoroughly cured P y r e - M . L . has excel lent res is tance 
to oi l . However , P y r e - M . L . can be degraded by water 
at e levated temperatures and pressures , it should not 
be used at e levated temperatures in sea led sys tems 
contain ing any signif icant amounts of water or 
mater ia ls such as paper wh ich d e c o m p o s e to water 
without prel iminary tests to s h o w that serv ice will be 
satisfactory. Thorough ly cured wire performs best 
under these c i r cums tances . 

Heat and Cold Resistance 

a. Weight loss data from coated aluminum strip (in air) 
at 5 minutes at 300°C shows: 

Po lyes te r 7 .5% 
E p o x y 1 6 . 5 % based on original film 

weight 
P Y R E - M . L . 0 . 7 5 % 

b. Retent ion of e longat ion (hours to 1% elongation) 
on heat ag ing , (initial %E=25%) 

T h e s e are desc r ibed in Table 5 

Refrigerant Resistance 

Sixty day sea led tube tests at e levated 
temperatures in the p resence of copper, iron, 
a luminum, and either FREON® 12 or FREON® 22 
refrigerants indicate that P y r e - M . L . is unaffected. 
Py re -M.L . was found to have only 0 . 0 1 % extractables 
in F R E O N 12 and 0 .02% extractables in F R E O N 
22 based on the weight of the wire ename l . T h e s e 
favorable condit ions have been conf i rmed by reports 
received from hermetic sys tem manufacturers. 

Dielectric Gas Resistance 

Laboratory tests indicate that the electr ical 
properties of Py re -M .L . are not signif icantly affected 

Table 5 

Hours Temperature 

11 752T(400°C) 
85 6 6 2 T (350°C) 
700 5 7 2 T (300°C) 
4500 4 8 2 T (250°C) 

The mechanical properties of these polymer films 
are excellent and are retained over a wide temperature 
range. The zero strength temperature is 1472°F (800°C); 
this is 270°F (150°C) above the melting point of aluminum. 
The flex modulus, approximately 400,000 psi at ambient 
temperature, increases by only 25% when measured at 

Table 4 

Dissipation Factor 

Frequency 
CES, 25!C 150°C 
10^ 0.0025 .0062 
103 0.0025 .0056 
10" 0.0030 .0048 

Dielectric Constant 

175°C 200°C 
.0180 >0.1000 
.0072 >0.0177 
.0061 >0.0101 

225°C 250°C 
>0.1000 >0.1000 
0.1152 0.5810 
0.0207 0.163 

102 3 3.11 3.43 3.63 5.29 11.88 
103 3 6 8 3.09 3.40 3.60 3.62 5.58 
10" 3.65 3.07 3.41 3.60 3.55 3.56 
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-310°F (-190°C) and d e c r e a s e s by about 5 0 % w h e n 
measured at 482°F (250°C). 

The retention of physica l propert ies at low 
temperatures, as indicated, is exempl i f ied by the re
sults obtained with magnet wire coated with P y r e - M . L . 
enamel in liquid hel ium at -269°C (4°K). S a m p l e s of 
25 - mil d iameter wire were coo led to 4°K and sub 
jected to a mandrel bend . The radius at wh ich fai lure 
occurred on fonA/ard and reverse bends is shown in 
Table 6. The superiority over the mater ia ls tested is 
clearly shown. 

Table 8 

These properties are descr ibed in detai ls in Tables 
7,8, and 9. 

T a b l e 6 

Failure Diameter In Inches 
Forward Bend Reverse Bend 

"Formvar" 3/4 1 
Polyester 1/2 3/4 
PYRE-M.L . OK at 1/8 O K at 1/8 
Filled TEFLON® 
TFE-flourocarbon 1/2 1/2 
Asbestos 1/2 1/2 
Polyvinyl Chloride 1 3/4 1 3/4 
11 752°F (400°C) 
85 662°F (350°C) 
700 572°F(300°C) 
4500 482°F(250°C) 

T a b l e 7 

Coefficient of Kinetic Friction 

PYRE-M.L . 
Graphite 
T E F L O N TFE-flourocarbon 

0.17 
0.18 
0.04-0.09 

Linear Coefficient of Thermal Expansion 
P Y R E - M . L 
T E F L O N TFE-flourocarbon 
Nylon 
DELRIN® acetal resin 
Epoxy 

4 . 0 x 1 0 - 5 ' 0 C 
5.5x 10-5'oc 
8-10X 10-5'oc 
8.1 x 10-5'oC 
5-9x 10-^'oC 

Table 9 

Coefficient of Thermal Conductivitv 
Cal/sec/cm C / C M 

P Y R E - M . L 35x10 -5 
Silicon 35x10 -5 
Epoxy 5 x 1 0 - 5 
Nylon 55x10 -5 
DELRIN 55x10 -5 
T E F L O N 60x10 -5 

Dependence of Properties on Degree of Cure 

M a n y of the propert ies of wire coated with 
P y r e - M . L . Wi re E n a m e l depend on the degree to 
wh ich it is cu red . Magne t wire manufacturers and 
users shou ld se lect the proper degree of cure to give 
the ba lance of propert ies wh ich best meets their 
requi rements. 

Determining Degree of Cure 

The dissipation factor test is recommended for 
controlling the degree of cure of wire in production, N E M A 
Publication MW-1000 lists a limit of no greater than 0.006 
for wire coated with Pyre-M.L. Other useful control tests 
can be developed using weight loss at elevated 
temperatures and crazing tendencies. These are shown in 
Table 10. 

Table 10 

Properties of Heavy Build No. 18 (1.024mm) Wire Coated with PYRE-M.L.® 

Degree of Cure 
Dissipation Factor^ 
Dielectric Constant^ 
Weight Loss^ 
Crazing^ 

Crazing after 
1/2hr.x150° C 
Crazing after 
1 hr. X 200° 0= 

Flexibility^ 

Inter-coat Adhesion 
Unidirectional Scrape 

Resistance (KG) (0.009") 
G.E. Scrape 
Dielectric Strength 
Oil & Water Res.' 

Flexibility 
Dielectric Strength 

1. Clean wires with soft clofn and bend into U shape. Dip wire in mercury. Connect one end of wire to t 
2. Weigh 70 grams of wire de-greased with acetone wet cloth. Bake 5 minutes at SOQ-C or 2 hours at 200''C. Cool for 2 minutes and weigh. 
3. Wrap wires on 1x through 6x mandrels and dip N-methylpyrrolidone. Examine under lOx microscope. Many other solvents will give similar results. 
4. As above, but bake coil for 30 minutes at 150"C before dipping in solvent. 5. Same as #4, but bake 1 hour at 200°C 
6. Quick snap by NEMA Snap test and wrap on 1x and 2x mandrels. 7. Place NEMA twists in 7" (177.88mm) length of 3/4" (19.05mm) iron pipe. Add 50cc of transformer oil 
and three drops of water. Seal pipe ends and age 88 hours at 200°C. Cool. Remove wires and measure dielectric strength and note flexibility. Page 4 

IncomDiete Moderate Thorough Very Thorough 
0.020 0.004 0.0025 0.0015 
4.5 3.9 3.7 3.2 
16% 3% 1.6% 1.3% 
Very Severe Moderate Slight Very Slight 

Severe None None None 

None None None None 
Borderline Passes Borderline Passes 
2x 2x 1x 1x 

Good Good Fair Fair 

_ 1.02-1.17 1.06-1.27 1.19-1.50 
40-70 15-35 20-40 25-45 
8.5kV 12kV 11kV 11 kV 

Poor Good Good Good 
2kV 7kV 8.5kV 5.5kV 

ge; place the other lead from the bridge in mercury. Make measurements at 25''C at 1000 cycles/sec 



Comparison of Pyre-M.L. witli otlner Enamels Table 11 (Continued) 

The data in table 11 compare P y r e - M . L . and 
"Formvar" Wire Ename ls appl ied on #18 C o p p e r wire. 
The condit ions under wh ich the tests were conduc ted 
are defined in the footnotes. The results represent 
average va lues for a number of determinat ions and 
may vary somewhat from va lues determined by other 
methods. 

Application of PYRE-M.L . : 

As mentioned before, Pyre-iVI.L. is a solution of 
aromatic polyamic acid. The polyamic acid is then con
verted to an insoluble polyimide upon curing i.e. imidiza-
tion. Water is formed during the cure. 

Material of Construction 

Pyre-M.L. Wire Enamels are weak acids, and 
hence, will react with iron or mild steel. Therefore, all 
equipment which come in contact with the enamel should 
be made of stainless steel, polyethylene, polypropylene 
or other appropriate material. The equipment include dies 
used for removing excess enamel from the wire, coating 
bath, rolls, reservoir for the enamel, pumps, filtration 
equipment, etc. If iron is leached from the contact surface 
into the enamel, the resulting dissolved iron has a detri
mental effect on the enamel, and hence, the coated wire. 

Table 11 

Comparison of the Initial properties of Wire Coated 
with PYRE-M.L.® Wire Enamel and Another 

Commercial Enamel 
(applied on #18 copper wire) - 1.024mm 

Test PYRE-M.L. "Typical Formvar" 

Thermal 220°c 105°c 

Classification 

Build (diam. 0.0030 inch 0.0030 inch 

increase) (0.076 mm) (0.076 mm) 

Dry Dielectric 3400 2000 

Strength^ volts/mil volts/mil. 

Wet Dielectric 1900 600 

Strength^ volts/mil. volts/mil. 

Insulation Infinite Infinite 

Resistance 

Dielectric 

Constant 

(100 cycles)^ 3.9 3.71 

(1000 cycles) 3.9 3.64 

Dissipation 

Factor 

(100 cycles)' 0.0040 0.0275 

(1000 cycles) 0.0040 0.0220 

lest 
G.E . Scrape 
Abrasion^ 

Unidirection 
Scrape" 

Cut Through 
Temperature^ 
Extractables^ 
Heat Shock^ 

PYRE-M.L. 
15-35 
scrapes 
1.3-1.5kg 

"TvDical Formvar" 
60-80 
scrapes 
1.02-1.17kg 

Above 500°C 240°C. 

Less than 0.1% 
Passes to 
425°C 
Poor 

3.0-6.0% 
Passes to 
124°C 
Fair 

V. Good 

V. Good 

Poor 
Passes 

Passes 2x 

V. Good 
V. Good 
V. Good 

Good 

Good 

V. Good 
Passes 

Passes 1x 

V. Good 
Poor 
V. Good 

Solderability 
Chemical 

Resistance^ 
5% Sulfuric 

Acid 
5% Hydrochloric 

Acid 
1% Potassium 

Hydroxide 
Quick Snap 

Flexibility 
Quick Snap Wind 

on own diam. 
...Solvent 
Resistance^ 
Xylene 
Cresylic Acid 
Carbon 

Tetrachloride 
Naphtha 
Acetone 
Alcohol 
Ethyl Acetate 
Hexane 
Transformer Oil 
Crazing (solvent 

Stress) 
FREON*22 

Resistance^ 
The Pyre-M.L. described above is baked to a moderate 
degree of cure. 

Footnotes for Table of Initial Properties 
1. At room temperature and humidity 
2. Standard NEIVIA twist. Soak in distilled water 24 hours, remove, clip loop, shake off excess water 

and test. 
3. Standard test, 700 grams load. At prevailing atmospheric conditions. 
4. Indiana Technical College Unidirectional Scraper (0.009" needle). 
5. ASTM D 1676 
6. standard Soxhiet type equipment. Extraction with toluene for 12 cycles each lasting for 15 

minutes followed by extraction with methanol for six cycles each lasting 20-25 minutes. 
7. Wind on own diameter, then heat for one hour and examine for cracks. 
8. Immerse in vanous reagents for 24 hours at room temperature. Examine for blistering, swell and 

softening. 
9. A. four days immersion in liquid FREON 22 at 60°C. Place in 120°C oven (immediately after 

opening bomb) for 10 minutes. Observations made at 20x magnification. Mandrels of 1x, 3x, 5x 
and strength all unaffected. 
B. Stressed PYRE-M.L. placed in tube containing FREON and refrigerant oil. Held under pres
sure at 120°C. No evidence of film failure at six weeks. 
+ If crazed, crazes will not heal. Annealing for 30 minutes to one hour at 175-200°C recom
mended. „ 
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V. Good V. Good 
V. Good V. Good 
V. Good Good 
V. Good Fair 
V. Good Good 
V. Good Good 
Passes if Crazes, cracks 
annealed heal at150°C 

Passes Fails 



Application Techniques Table 12 

Except for the use of s ta in less steel or poly
ethylene equipment, P y r e - M . L . is appl ied in much the 
same manner as "Formvar" polyvinyl aceta l ename l s . 
Techniques used for coat ing different wire s i z e s are 
as fol lows: 

Large Size Wires 

Round wires larger than about N o . 12 A W G 
(2.05mm or .0808 inches diameter) and square and 
rectangular wire are usual ly coated on vert ical ovens 
about 24ft. (7.3 meters) high. T h e best results have 
been obtained on ovens which have forced convec 
tion heat (up draft in the bottom and down draft at the 
top) supplemented by radiant heating pane ls near the 
bottom of the oven. Accep tab le wire can be produced 
with other types of ovens . 

The opt imum oven operat ing temperatures 
will have to be determined on each oven , but in a 
two zone oven a bottom zone temperature of about 
650°F (343°C) and a top zone temperature of about 
900°F (482°C) will probably al low the most e c o n o m i 
cal coating speeds . If a radiant panel is used , a panel 
temperature of 1000° F (538°C) has been found to be 
best. Excel lent adhes ion has been obtained by cur
ing the enamel under these condi t ions to a d iss ipat ion 
factor of 0.002 at 1000 cyc les . 

The d ies used for square and rectangular wire 
should be made of s ta in less steel . D ies of any type 
of design which have g iven sat isfactory results with 
polyvinyl acetal type ename ls will probably be sat
isfactory for Py re -M.L . , if they are made of s ta in less 
steel . 

The two common prob lems which have been 
encountered in coating rectangular wire are lack of 
adhesion and smoothness . A d h e s i o n is control led 
by the temperature at which the ename l is cured and 
the degree of cure. Adhes ion is usual ly improved by 
increasing wire metal temperature near the bottom 
of the oven. Radiant heating panels are particularly 
useful for improving adhes ion . S m o o t h n e s s can be 
improved by adjusting the die s i z e s or by sl ight reduc
tions in the v iscosi ty of the ename l with N-methyl -2-
-pyrrolidone. The opt imum viscosi ty will usual ly be 
the minimum viscosi ty which g ives adequa te corner 
coverage. 

Medium Size Wires 

Wires from about No . 13 (0.072 inch or 
1.83mm in diameter) to about No . 28 (0.0126 inch or 
0.32mm in diameter) are coated on either horizontal 
or vertical mach ines . Phosphorb ronze and s ta in less 
steel dies are being used commercia l ly . 

A t yp i ca l oven pattern for an 18ft. (5.5 meter) 
laboratory vertical oven is desc r ibes in Table 12. 

Feet from Temp., Meters from Temp., 
Bottom »F Bottom "C 

1 225 .3 107 
3 260 .9 127 
5 310 1.7 154 
7 460 2.3 238 
9 570 3.0 299 
11 585 3.7 307 
13 600 4.3 316 
15 700 5.0 371 
17 725 5.7 385 

T h e opt imum heat pattern for any part icular 
oven must be found exper imental ly. In genera l , the 
best results are obta ined by adjust ing the temperature 
in the bottom z o n e of the oven cool enough to pre
vent immediate bl istering, but not enough to evapo 
rate suff icient solvent to prevent bl istering in the top 
z o n e . T h e top z o n e temperature is adjusted to give 
adequa te cure. 

Fine Wires 

P y r e - M . L . is usual ly app l ied to wi res smal ler 
then No . 28 (0.0126 inch or 0 .32mm in diameter) on 
horizontal mach ines us ing s ta in less steel roller d ies . 

To obtain smoo th wire it is usual ly des i rab le to 
dry p a s s f ine wire once through the oven before ap 
plying any e n a m e l . Th is he lps remove any oil or dirt. 
If necessary , P y r e - M . L . c a n be reduced about 1 0 % 
with either N M P or A romat i c Hydrocarbon for app l i ca 
tion to f ine wire. T h e so lvent shou ld be added slowly 
with good agitat ion. 

D e g r e e of C u r e 

Th ree round wire s a m p l e s were coated under 
different condi t ions with an 18ft. L . M . mach ine . The 
first samp le is badly under baked , the d iss ipat ion fac
tor is .023 and the loss in weight of the coated wire 
is 1 9 . 1 % of the weight of the coat ing w h e n heated 
for five minutes at 300° C . T h e s e c o n d samp le is 
cured to the degree typical of much of the commerc ia l 
po lymide coated wire. T h e third samp le is wel l cured. 
T h e results are descr ibed in Table 13. 

Table 13 

Curing PYRE-M.L. 

Temp. Speed D.F. Weight Loss 
°C Ft/MIn at10^c.p.s. 5min at 300°C 

55/315 35 .023 19.1% 
55/370 25 .004 2.9% 
135/515 25 .0015 1.4% 
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The dissipat ion factor is related to the e n 
ergy necessary to realign the polar groups on the 
molecules each t ime the field changes . C h a n g e s in 
dissipation factor therefore reflect the loss of carboxyl 
groups, amide groups, water and N-methyl pyr-
rolidone during cure. Dissipat ion factor is the most 
precise way we l<now for measur ing degree of cure. 

Mandre l wrap test after quick snap illustrate 
the dependence of flexibility on degree cure. In c o n 
trast to most ename ls , P y r e - M . L . has better flexibility 
when thoroughly cured than when under cured . T h e y 
are shown in Table 14. 

Table 16 

Adhesion to No. 3 Square Wire 

Radiant 
Temperature °C Speed D.F. at 
Bottom Top Panel Ft./Min 10^cps Adhesion 

310 465 Off 9 .0022 poor 
315 465 427 9 .0018 poor 
315 465 427 7 .0019 fair 
315 465 482 7 .0015 fair 
315 488 482 7 .0017 good 

Table 14 

Flexibility No. 18 AWG Wire 

D.F. at 1000 c.p.s. Snap & Wrap 

.02 

.004 

.0015 

2 X - 3 X 
2X 

I X - 2 X 

Pane ls were prepared by cast ing f i lms (0.8-1.0 
mils dry) on a 22mil thick copper pane l . Al l pane ls 
initially baked at 10 minutes at 150°C to remove so l 
vents before being given the bake above . A d h e s i o n 
was tested with a sharp knife. 

The adhes ion to copper is a function of the 
temperature of cure. E v e n under cured P y r e - M . L . 
can have good adhes ion if it is baked at a high tem
perature. Al l of these wires have thoroughly cured 
coat ings, but the adhes ion is inf luenced by both the 
degree and the temperature of cure. 

Subsequen t exper iments have shown that 
radiant panel temperatures in the range of 538°C -
593°C are even better than the 482°C temperature 
used above. 

Adhes ion w a s determined after e longat ion to 
break, elongation of 3 0 % , and bending on a 1" m a n 
drel. Al l three tests gave identical results. Var ious 
adhes ion results are shown in Tables 15 and 16. 

T a b l e 15 

Adiiesion to Panels 

Minutes Temperature Adhesion D.F. 

0.5 
1.0 
2.0 
5.0 
2.0 
8.0 

20.0 

400°C 

200°C 

Excellent 

Poor 

.017 

.007 

.004 

.003 

.06 

.02 

.011 

Recirculating Gas Ovens 

The most common types of ovens used for rect
angular Pyre-M.L. coated wire have forced air convection 
heat which is updraft in the bottom section of the oven 
and down draft in the top section. The convection heat is 
supplemented by electrically heated radiant panels near 
the bottom of the oven. The solvents are catalytically 
burned in the air stream after it has passed through the 
bottom section of the oven. 

Data from a number of trial runs and demonstra
tions are shown in Tables 17 & 18. In several cases these 
do not represent the optimum production conditions, but 
rather the first set of conditions we could find to produce 
acceptable wire. 

All of the conditions shown in this table produced 
wire with good inter-coat adhesion and adhesion to cop
per. For wire between 0.114 and 0.500 inch wide, between 
.096 and .229 inch thick and having a cross-sectional area 
between 1.3 x 10* square mils, the approximate speed is 
given by the following expression: 

Speed (ft./min.) = 

Corner Coverage 

4x10= 
cross section area 

(sq. mils) 

Conventional universal wire enamel dies deposit 
excessive enamel at the corners. The ideal combination 
enamel and coating conditions allow just the right amount 
of flow to leave the same thickness of enamel on the cor
ners as there is on the flat surface, excessive flow leaves 
the corners thin. 

Insufficient 
Flow 

Ideal 
Flow 

Excessive 
Flow 

Insufficient flow ("dog bone") can be corrected by 
lowering the viscosity, by decreasing the volatility of the 
solvents and thinners, by decreasing the temperature in the 
bottom oven, or by decreasing speed. 
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Table 17 
Radiantly Heated Ovens 

Table 19 
Overload Resistance 

The data below show conditions used on three 
radiantly heated ovens. 

Oven Type 

Oven Might 

Temperature 

3ft 

5 ft. 

6 ft. 

10 ft. 

15 ft. 

17 ft. 
Wire Size 

Speed (ft./min.) 

No. of Coats 

Build-width 
(mils) 

Build-thickness 
(mils.) 

Dielectric 

Strength (kv) 

Type of Dies 

Enamel Code 

Viscosity 
(poises) 

TeslLl Test 2 TestJ 

electric indirect electric 

gas 

20 ft. 20 ft. 10 ft. 

- . 3100C 

- 313°C -

288°C - 400"C 

343°C 432°C 377°C 

400°C 466°C x 

- 493°C x 
.040 X . 098 x .070 X 

.200 .300 .190 
10.5 10 4.5 

8 6 10 

3.2 2.5 4.5 

5.7 4.0 4.1 

8.0 5.5 8.0 

cone universal universe 

RC-5057 RC-5019 RC-501 

52 63 28 

(NEMA Method) 

Polyimide 

Polyamide-imide 

Polyester 

Formvar 

Nylon/Formvar 

2 Ft/10= 

13.70-17.70 

8.06-10.01 

3.34 - 5.87 

2.27 - 6.31 

2.85 - 5.48 

Selected data from: 
"Overload Test" by W. W.Pendleton of Anaconda Wire & 
Cable given at N E M A Magnet Wire Committee Presenta
tion, Insulation Conference, Chicago, October 17,1967. 

Table 20 

Overload Resistance 
(Essex Method) 

Minutes 

Polyimide 
Polyvinyl Formal 
Nylon/Formal 
Polyester 
Nylon/Polyester 
Polyester-imide 
Amide-imide/ 

Polyester 

30 amp. 
>5 

1.57 
1.70 
1.75 
1.06 
1.70 
2.50 

3.5....amp 
1.32 
.83 
.90 
.90 

.92 
1.08 

Selected data from; 
"Magnet Wire Temperature at Overload Conditions" by 
E.W. Daszewski of Essex Wire Corperation, Proceeding of 
Seventh El Conference, p. 137. 

Table 18 

Production Trials Recirculating Gas Ovens Rectangular Wire 

Wire Sizes 
(Inches) 

Area 
Sq. Mils. 

x10* 

Speed 
Ft./ 
Min. Coats 

Build 
Thickness 

Build 
Width 

Bottom 
Air°C 

Top 
A i r °C 

Radiant 
Panel 

°C 
Viscosity 
at 25°C 

Dielectric 
strength 

(KV) 
.229 X .229 5.23 7 6 3.8 4 316 488 482 60 6.5 
.100 X .500 5.00 8-1/2 6 4.4 2.6 316 488 482 60 5.0 
.114 X .228 2.60 10 6 - - 316 488 455 30 -
.229 X .229 5.23 7 6 4.5 5.0 316 482 455 30 7.5 
.114x .114 1.30 11-V2 6 4.5 5.0 316 482 455 30 5.2 
.096 X .229 2.87 13-1/2 8 5.0 4.0 343 493 565 12 3.5 
.170 X .270 4.59 8 8 5.0 - 280 480 470 60 7.3 
.060 X .210 1.26 16 4 2.0 2.0 232 538 577 32 -
.170 X .250 4.24 8 8 5.0 6/5 277 450 550 14 3.5 
.140 X .280 3.92 11 8 - - 277 450 550 14 4.0 
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Flow is a lso control led by the c ross sect ion of 
the bare copper. The greater the radius of the corner, 
the less the tendency to f low away from it. S h a r p cor
ners, burrs, and abrupt changes in curvature are hard 

; to coat. 

Enamel Circulation and Application 

: Py re -M.L . wire ename l shou ld be pumped , 
i filtered and recirculated with an all s ta in less steel 

sys tem. Contaminat ion with iron can lead to ge la 
tion, rough wire and dec reased thermal stability of the 

i coated wire. 

k The most c o m m o n d ies are s ta in less steel 
I models of the universal g rooved pin d ies . T h e d i sc 
i type of die covered by G . E. 's patent #2,875,725 is 
I a lso used in product ion. 

Our exper ience has been that the preferred 
groove s ize is 15 mils. If the width of the wire is more 

: than three t imes the th ickness it may be necessa ry to 
; limit the build on the edges by using g roove- less die 
! pins on the edges on s o m e of the coats . Th is shou ld 
[ not be don on the first coat. A n inc rease in both width 
j and th ickness of at least 0.5 mils is preferred on the 
[ first coat to promote good adhes ion and prevent ox i -
! dation of the copper. 

Smoothness 

Occas iona l l y one encounters a ripple or "or
ange peel" in the sur face of the ename l where one or 
more of the dies is apply ing a thick fi lm. Th is s o m e 
times results in periodic "globs" or even blisters at or 
near the corners. Th is can be corrected by reducing 
the film th ickness with smal ler die g rooves , reducing 
the surface tension with "flow agent" or hydrocarbon 
thinners, or by lowering the viscosity. 

Streaks 

Convent ional d ies apply ename l in s t reaks. If 
the enamel does not f low to a uniform film on the first 
coat, there will be streaks c a u s e d by the oxidat ion 
of the copper where the first coat is thin. With re la
tively transparent ename ls , this streak appea rance 
is not hidden by the subsequen t coats . It is not c lear 
whether the objection to these s t reaks is based on 
engineering or aesthet ic reasons , but they are difficult 
to correct without abandon ing the conven ience of 
universal d ies. 

With convent ional d ies, the s t reaks can be 
minimized, but usual ly not e l iminated, by reducing the 
viscosity and apply ing a full wet coat on the first p a s s . 

Blistering 

Blistering is generally due to insufficient heat or 
too much heat in the bottom of the oven. It is, of course, 
a function of film thickness, any condition such as exces
sive corner coverage, rippling, irregular jerking of the wire, 
excessive variation, etc. which causes localized areas of 
excessive film thickness will exaggerate blistering. 

Ovens which lack heat capacity in their bottom 
section can usually be run faster with RC-5069, which 
contains a fairly volatile hydrocarbon diluent than with the 
pure N-methyl pyrrolidone type enamel such as RC-5019. 
In contrast, short ovens with plenty of bottom zone heat 
capacity will run fastest with RC-5019. 

Blistering is caused much more readily by convec
tion heat, which skins over the wet film, than by radiant 
heat, which tends to heat from the metal. 

Curing blistering is usually easy if one is willing to 
accept slower coating speeds. Otherwise it involves the 
careful selection of the solvents and oven pattern to opti
mize speed. On modern, high-heat capacity equipment, 
blistering will ultimately limit the speed. 

Precipitation 

If the polyamic acid polymer in Pyre-M.L. is cured 
to the polyimide before sufficient solvent is evaporated to 
lead to film formation, the polyimide will precipitate from 
solution as a yellow powder. This is frequently encoun
tered when one attempts to cure thick films rapidly. When 
encountered, it is usually caused by excessive heat at the 
bottom of the oven. As with blistering, this phenomenon is 
a function of thickness, and it is exaggerated by poor flow, 
jerky wire movement, and vibrations which lead to localized 
thick films. 

Pyre-M.L. tends to craze or crack when coated 
wire is first bent and then dipped in solvent or varnish. This 
tendency is dependent on the degree of cure. Crazing 
may be prevented by stress relieving the enamel with heat 
after the wire is bent or wound into a coil. We recommend 
stress relief for all coils before varnishing or de-greasing. 
See Table 21. 

Table 21 

Solvent Crazing 

Stress Relief 

D.F. 30 min./ 60 min./ 
at lO^c.p.s. _ None 150° C 220° C 

.01 Severe Slight None 

.004 Moderate None None 

.002 Slight None None 
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TEST Varnishing Magnet Wire Coated with PYRE-M.L . 

Twisted pairs of 18HIVIL sea led in iron pipe 
with 50g of 10C oil and 3 drops of water for 88 hours 
at 200°C. Twists tested immediate ly for remova l . 

Oi l filled t ransformers normal ly operate be low 
150°C. This is an acce lera ted sc reen ing test to se lect 
materials or further evaluat ion in t ransformer insu la
tion sys tems. Thorough cure improves oil and water 
resistance. The results are shown in Tables 22 and 
23. 

Table 22 

Cure vs. Oil & Water Resistance 

D.F. 
at lO^c.p.s. 

.01 

.004 

.002 

Dielectric Strength (KV^ 
Initial Final 

9.3 
11.5 
10.8 

Table 23 

2.4 
7.0 
8.5 

Transformer Fluid Resistance 
Varnished Twists 

18 HML 

Oil 
Oil & Water 
Askeral 

PYRE-M.L 
10.0 KV 

9.2 KV 
11.2 KV 

VARNISH "X" 
12.2 KV 
8.3 KV 

10.2 KV 

This wire had a dissipat ion factor of about 
.004 before varn ish ing. Test conducted as above . 

Major Advantages of PYRE-M.L . : 

Thermal Stabil i ty 
Over load Res i s tance 

Chemica l Inertness except alkal i 
Radiat ion Res i s tance 

Uses for PYRE-M.L . : 

Pyre-M.L. Insulating Varnishes RK-692 is recom
mended for use with magnet wire coated with Pyre-M.L. 
(See Bulletin ML-2 95) This varnish has outstanding 
thermal stability and mechanical and electrical properties. 
They maintain their strength and electrical properties at 
temperatures above 250°C. 

Insulating systems employing wire coated with 
Pyre-M.L. with certain silicone, epoxy, and phenolic var
nishes are in commercial use and are giving satisfactory 
results. Certain commercially available varnishes degrade 
the thermal stability of wire coated with Pyre-M.L. accord
ing to laboratory results. All systems should be thoroughly 
tested before commercial use. 

Wire coated with Pyre-M.L. should be heated for 
30 minutes to one hour at 175°C to 200°C after winding 
and before varnishing to relieve stresses in the film and 
to prevent crazing of the wire enamel by the varnishing 
solvents. 

Safety and Handling Procedures 

While we are not aware of any health problems 
attributed to the use of this and related products during the 
past 20 years, good industrial hygiene should be practiced. 
Pyre-M.L. wire enamels and varnishes should be handled 
in well-ventilated areas, eye contact must be prevented, 
and skin contact should be minimized. 

The TLV for Xylene is 10Oppm (ACGIH). If ventila
tion is not adequate to maintain work place air concentra
tions below this level, N IOSH/MSHA approved respirators 
should be worn. Eye protection and Neoprene gloves 
should be used. 

Animal tests have shown that these materials are 
only slightly toxic when ingested. They do cause skin irrita
tion after prolonged or repeated contact, and any inadver
tent skin contamination should be promptly washed off with 
water. In the event of eye contact, flush immediately with 
water for 15 minutes and see a physician. 

The solvents typically used with Pyre-M.L. are 
extremely flammable and must be kept away from sparks, 
open flame, or other sources of ignition. Although we have 
not run tests, we would predict the by-products of combus
tion would be toxic by inhalation. 

Waste disposal of Pyre-M.L. should be carried out 
in an E P A approved incinerator. Under these conditions, 
there is enough oxygen present that toxic by-products are 
minimized. The disposal of Pyre-M.L. must comply with 
Local, State and Federal regulations. 

Transformers 
Hermetic Motors 
Traction Motors 
App l iances 
Power Tools 
Mine Motors 
Aircraft Wire 
Ae rospace Wire 

G a s Chromatograph Capil laries 
S e m i Conduc to r Coat ing 
A l ignment Coat ing 
Instrument/Sensor Wire Coating 

FDA Status 

Pyre-M.L. products are not FDA approved. I.S.T. 
neither warranties these products nor sanctions their usage 
in medical applications unless explicitly approved. 
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ustrial Summit Technology 

Technical Bulletin #ML-2-95 

Industrial Summit Technology • Parl in, New Jersey 08859 

PYRE-M.L. INSULATING VARNISH - RK-692 
Introduction 

Pyre -M .L . products are part of a family of m a 
terials based on aromat ic poly imides which are one 
of the most thermally stable organ ic mater ia ls. T h e s e 
products include Py re -M .L . Wire E n a m e l s , P y r e - M . L . 
Liquid " H " Ename ls , P y r e - M . L . Insulating Varn ish , and 
Pyre -M.L . Thinner. Table 1 (see page 1) desc r ibes 
these products, assoc ia ted code/grade, and M L Tech 
nical Bulletin number. 

R K - 6 9 2 is a high temperature varn ish deve l 
oped for use in conjunct ion with P y r e - M . L . e n a m 
eled wire. It is a solution of aromat ic po lyamic ac id in 
N-methyl pyrrol idone. The po lyamic ac id is p roduced 
by reacting the aromat ic d iamine with the aromat ic 
dianhydride. The appl icat ion p rocess involves drying 
of the solvent from the solut ion fol lowed by curing and 
baking of the polyamic ac id left beh ind. Dur ing the 
latter process, water is removed, and the po lyamic 
acid turns into polymide fi lm. The film s o formed is 
mechanical ly tough, chemica l ly inert, thermal ly s table, 
and radiation and cryogenic resistant. It a lso has 
excellent electrical insulat ing propert ies wh ich remain 
essential ly unchanged over a wide range of t empera 
tures for extended t ime per iods. Re fe r to Tech . Bu l le 
tin ML-1 -95 for a detai led descr ipt ion of these proper
ties. Py re -M.L . products are U.L.® approved . 

Product Properties 

A . Liquid Varn ish: 

Py re -M.L . Varn ish is a coat ing solut ion wh ich 
is converted into polyimide film by the appl icators. 
These product propert ies/speci f icat ions are descr ibed 
in Table 24. T h e s e meet the commerc ia l and military 
specif icat ions required by the industry. 

Table 24 

PYRE-M.L. PRODUCTS SPECIFICATION 

Code RK-692 

Solids (%)(1) 

Viscosity 

(Poise) (2) 

Solvent System 

N M P (%) 

Xylene (%) 

Density 
LBS/Ga l 
(+/-0.05) 

K G S / G a l 
(+/-0.023) 

11.5-12.5 

6 - 1 0 

7 5 - 8 5 

1 5 - 2 5 

8.59 

3.90 

Note - (1) N E M A Test Method - 2gm/2hr. /200°C Bake 
(2) Measured at 25°C with Brookfield Viscometer #3 Spindle @ 12 RPM. 

B. Dr ied F i lm 

T h e major propert ies of the varn ished film are de 
scr ibed below: 

(1) Thermal Stability - excellent 
Expected life at 220°C over 100,000 hours 
Expected life at 240°C over 25,000 hours 
Expected life at 300°C over 1,000 hours 

(2) Electrical properties - excellent from -250°C to +250°C 
temperature. Electric strength exceeds 3000 volts per 
mil dry, and 1500 volts per mil when wet. It remains 
essentially the same over this entire temperature range. 
Dissipation factor (about .003 at 100 cycles at room tem
perature) increases only slightly and dielectric constant 
(about 3.8 at 100 cycles at room temperature) actually 
drops as the temperature is raised to 300°C. Insulation 
resistance is infinite when dry and 5x10^ megahms after 
boiling 10 minutes in water 

Page 11 



Radiat ion Res i s tance - very good . 
(Exposure to 3,000 megarads of e lect rons 
caused only minor cinanges in electr ical and 
physical properties.) 

Representat ive va lues for thermal conduct iv i ty 
are: 

S to rage in an unheated bui lding may be 
accep tab le where winters are co ld . V iscos i ty m e a 
surements are strongly affected by temperature. 
S e e G r a p h No . 2 (page 2) for temperature-v iscosi ty 
convers ion . Refr igerat ion is highly recommended for 
longer shel f life. 

P Y R E - M . L . 35 X ^Q-^ ca l / (sec) (Cm^) (°C/CM) 
Si l icone 35 X 10-^ cal / (sec) (Cm^) (°C/CM) 
Epoxy 5 X 1 0 - 5 cal / (sec) (Cm^) (°C/CM) 
TEFLON® 60 X 1Q-' ca l / (sec) (Cm^) (°C/CM) 
f luorocarbon 

(5) L inear coefficient of thermal expans ion : 
P Y R E - M . L . 4 X 1 0 5 / ° C 
TEFLON® 5 . 6 X 1 0 5 / ° C 
Epoxy 5 t o 9 X 1 0 5 / ° C 

(6) Coeff icient of Kinet ic friction: 
P Y R E - M . L . 0.17 
Graphi te 0.18 
T E F L O N 0.04 to 0.09 

(7) Solvent and Oil Res i s t ance - excel lent 

(8) F lame Res i s tance - excel lent 
(The dried film will not propagate f lame a l 
though the varnish solvents are f lammable. ) 

(9) Bond Strength by hel ical coil method on 
P Y R E - M . L . : 

25°C 
125°C 
150°C 
200°C 
300°C after 4 w e e k s 

6 to 8 lbs. 
6 to 8 lbs. 
6 to 8 lbs. 
6 to 8 lbs. 
3 to 5 lbs. 

(10) Weight L o s s : 

300°C after 3 w e e k s 1% 

C. Propert ies of R K - 6 9 2 Varn ish are as indicated in 
Table 25. 

V i s c o s i t y Stab i l i t y 

Mois ture contaminat ion has a detr imental 
effect on v iscos i ty stability and must be avo ided . A l 
low all chi l led conta iners to reach room temperature 
before open ing to avo id water condensa t ion . 

Table 25 

Insulating Varnish Properties 

Physical Properties 

Elongation at 25°C 

Tensile Strength at 25°C 
(lO^psi) 

Weight Loss 
50 hours at 300°C 
150 hours at300°C 
3.3 hours at 400°C 
3.3 hours at 450°C 

Bond Strength (lbs.)* 
Initial at 25°C 
Initial at 180°C 

at 25°C after 2 wks. at 300°C 
at 180°C after 2 wks. at 300°C 
at 25°C after 4 wks. at 300°C 
at 25°C after 3 wks. at 260°C 
at 180°C after 3 wks. at 260°C 

Temp, up to which dissipation factor 
is essentially constant 

Temp, at start of decomposition 
in air by thermal gravimetiric analysis 
(12°C/min. rate of rise) 

Film thickness applied per coat 
(panel dipped at 4 in/min at 25°C) 
(in mils) 

Dielectric Constant (25°C 100 cps) 

Dielectric Strength (kV/mil) 

RK-692 

1 0 - 2 5 % 

15 

1% 
1% 
11% 
20% 

6 - 9 
6 - 8 

3 - 5 
5 - 7 
3 - 5 

300°C 

540-
550°C 

1.0 

3.5 

4.0 

Viscosity, as manufactured, is not stable but 
gradually drops by 3 5 % , and then inc reases to ge l . 
Gelat ion occurs in approximately 14 days at 120°F 
(49°C), 30 days at 100°F (38°C), and 90 days at 
77°F (25°C). At 40°F (4°C), it will not gel in one year. 
Py re -M.L . is stored a t 4 0 ° F in the P y r e - M . L . manufac 
turing plant warehouse in Par l in , N e w Jersey , U S A . 
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Process Small Servo Units 

Application Procedure 

Preheat the wound unit 1/2 hour or longer at 
175° to 200°C to rel ieve s t resses that may have been 
developed in the P y r e - M . L . ename l on the wire dur ing 
winding. 

Py re -M .L . Varn ish may be success fu l l y a p 
plied by brush, vacuum impregnat ion, total immer
s ion, end turn dipping, and roll over methods d e p e n d 
ing on the s ize of equipment being varn ished and 
customer preference. 

Sta in less steel equipment is r ecommended , 
but inert or polyethylene plast ic type lining of conta in
ers will suff ice. 

The key to the success fu l use of P y r e - M . L . 
Varnish is to remove the solvent before po lymer c o n 
vers ion. Insufficient solvent removal can be detected 
after the fact by the p resence of opaque yel low film 
or yel low powder. Th is means that the po lymer w a s 
converted to its final insoluble, infusible form before 
the formation of a film. Adequa te film formation takes 
place only by the evaporat ion of the solvent from a 
solution of the unconverted polymer. 

Solvent removal will be facil i tated by the use 
of well venti lated, forced convect ion ovens . 

Best results are obtained by preheat ing the 
units before varnishing and al lowing the heat form the 
mass to drive off most of the solvent before subject ing 
the unit to further bakes in the 100°C - 150°C range 
and final bakes at 215°C - 230°C. 

W h e n Py re -M .L . ename led conductors are 
present in the unit being varn ished, the wind ings 
s t resses should be rel ieved by annea l ing the conduc 
tors at temperatures of 175°C to 200°C for at least 1/2 
hour. 

If units are being varn ished by m e a n s other 
than total immersion or end turn dipping, for examp le 
spraying, temperature of the varn ished unit shou ld be 
limited to below 100°C to prevent bubbl ing of the f i lm. 
Units of sufficient m a s s to provide 90°C - 100°C heat 
removal from varnish will tend to b e c o m e tack free in 
a relatively short t ime. 

Typical cure procedures for units employ ing 
the Py re -M.L . sys tem - conductor, coated fabric and 
varnish are as fol lows: Al l temperatures are metal 
temperatures. The length of t ime required to get the 
unit to temperature must be cons ide red . 

R e d u c e one part R K - 6 9 2 with 2-3 parts 
T -8585 Solvent . 

1. P rehea t unit to 175°C - 200°C to rel ieve 
s t resses . 

2. C o o l to be low 150°C. 
3. Immerse whi le hot in varn ish until bubbl ing 

s tops (approximately one minute). 
4 . Drain and a l low solvent to f lash. Hold for 15 

minutes after all ev idence of solvent f lashing is 
no longer v is ib le. 

5. B a k e 1 hour at 100°C. 
6. B a k e 1 hour at 150°C - Re-d ip for one minute 

if n e c e s s a r y after 150°C bake . Repea t s teps 
4 , 5, and 6. 

7. B a k e 1 hour at 215°C or higher. 

1. P rehea t unit to 175°C - 200°C to rel ieve 
s t resses , then coo l to be low 150°C. 

2 . Immerse whi le hot in varn ish until bubbl ing 
s tops (approximately 3-5 minutes). 

3. Drain and a l low solvent to f lash. Hold for at 
least 1/2 hour after all ev idence of solvent 
f lashing is no longer v is ib le. 

4 . B a k e 2 hours at 100°C. 
5. B a k e 2 hours at 150°C - Red ip for one minute 

if n e c e s s a r y after 150°C bake . R e p e a t s teps 
3, 4 , and 5. 

6. B a k e 2 hours at 215°C or higher. 

T h e 100°C bake may be el iminated if windings 
are not tight. 

1. P rehea t to 175°C - 200°C to rel ieve s t resses . 
2. C o o l down to 100°C. 
3. Rol l over in varn ish at approx imate ly 5-1 Orpm 

for five minutes. Drop or remove pan from 
heat radiat ing from unit. Cont inue rotating unit 
until tack free. 

4 . B a k e 3 hours at 150°C. 
5. B a k e 2 hours at 215°C or higher. 

In a cont inuous operat ion, the P y r e - M . L . Varn ish in 
the tanks shou ld be mainta ined at a temperature 
wh ich will insure stabil ity with relat ionship to con 
sumpt ion or the addit ion of f resh mater ial . In s o m e 
c a s e s cool ing may be necessary . 
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With periodic varn ish appl icat ions, ar range
ments should be made to sea l up and store the var
nish under refrigeration whi le not in use (see " V i s c o s 
ity Stability"). 

Py re -M.L . Varn ish may be appl ied to sur faces 
by spray, dip, roller coat, or brush. O n e spray coat 
will give approximately 0.2 mil (0.0051 mm) dry f i lm. 
If heavier fi lms are des i red , these may be appl ied by 
multiple coats with a 5 to 15 minute bake at 150°C 
between coats to remove solvent. W h e n des i red 
th ickness is obtained, the whole structure can be 
given the final high temperature bake necessa ry for 
conversion to polyimide. 

Fi lm th ickness of 0.5 mil (0.0127 mm) per coat 
may be appl ied by dip, roll coat, or brush with little 
or no thinning. Multiple coats may be appl ied with 
complete solvent removal between coats at 100°C to 
150°C for 5 to 15 minutes. A final high temperature 
cure may then be given the complete fi lm. 

These sugges ted baking equivalents may be 
used as a guide for determining the cure bake on 
Pyre -M.L . coat ing: 

60 minutes at 200° 0 
3 minutes at 300° C 
1 minute at 400° 0 

to maintain work p lace air concentrat ions below these 
levels, N I O S H / M S H A approved respirators should be 
worn . E y e protection and Neoprene g loves should be 
u s e d . 

An ima l tests have shown that these materials 
are only sl ightly toxic w h e n ingested. They do cause 
sk in irritation after pro longed or repeated contact, and 
any inadvertent sk in contaminat ion should be 
promptly w a s h e d off with water. In the event of eye 
contact, f lush immediate ly with water for 15 minutes 
and s e e a phys ic ian . 

T h e so lvents typical ly used with P y r e - M . L . 
are ext remely f l ammab le and must be kept away 
from sparks , open f lame, or other sou rces of ignition. 
A l though we have not run tests, we would predict the 
by-products of combust ion would be toxic by inhala
t ion. 

W a s t e d i sposa l of P y r e - M . L . should be car
ried out in an E P A approved incinerator. Under these 
condi t ions, there is enough oxygen present that toxic 
by-products are min imized . T h e d isposa l of Py re -
M.L. must comply with Loca l , State and Federa l regu
lat ions. 

FDA Status 

These bakes represent minimum cure. A n adequate 
baking schedule for a particular appl icat ion should be 
determined by exper iment. 

P a c k a g i n g 

Sta in less steel tanks and other conta iners are 
recommended for appl icat ion of this varn ish . Po ly 
ethylene lined containers are a lso adequate . T h e 
varnish should be kept out of contact with mild s tee l , 
brass, copper, and a luminum al loys containing over 
1/2% copper to avoid polymer degradat ion. The s ta 
tus of other a luminum al loys is still doubtful. 

P y r e - M . L . products are not F D A approved . 
I.S.T. neither warrant ies these products nor sanct ions 
their usage in med ica l appl icat ions un less explicit ly 
app roved . 

Sa fe t y a n d H a n d l i n g P r o c e d u r e s 

Whi le we are not aware of any health prob
lems attributed to the use of this and related products 
during the past 20 years , good industrial hyg iene 
should be pract iced. P y r e - M . L . wire ename ls and 
varnishes should be handled in wel l-venti lated a reas , 
eye contact must be prevented, and skin contact 
should be min imized. 

The T L V for Xy lene is lOOppm ( A C G I H ) . A n d 
while the A C G I H has not been estab l ished a T L V for 
n-methyl-pyrrolidone, 1ST has estab l ished an internal 
exposure limit of 25ppm. If venti lation is not adequate 
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PYRE-M.L. - LIQUID "H" ENAMEL - RC-5097 

Introduction 

Pyre -M .L . products are part of a family of m a 
terials based on aromat ic poly imides which are one 
of the most thermally stable organic mater ia ls. T h e s e 
products include Py re -M .L . Wi re E n a m e l s , P y r e - M . L . 
Liquid " H " Ename ls , Py re -M .L . Insulating Varn ish , and 
Py re -M.L . Thinner. Table 1 (see page 1) desc r ibes 
these products and their assoc ia ted codes /g rades . 

Liquid " H " Ename l (also known a s R C - 5 0 9 7 ) 
was deve loped for top coat ing insulated air frame and 
aerospace wires. R C - 5 0 9 7 is a solut ion of aromat ic 
polyamic acid in N-methyl pyrrol idone. T h e po lyamic 
acid is produced by reacting an aromat ic d iamine with 
an aromatic d ianhydr ide. The appl icat ion p rocess 
involves drying of the solvent from the solut ion fol
lowed by curing and baking of the po lyamic ac id left 
behind. During the latter p rocess , water is removed 
and the polyamic acid turns into poly imide fi lm. T h e 
film so formed is mechanica l ly tough, chemica l ly inert, 
thermally stable, radiation and cryogen ic resistant. 
It a lso has excel lent electr ical insulating propert ies 
which remain essent ia l ly unchanged over a wide 
range of temperature for extended time per iods. 
Refer to Tech. Bulletin M L - 1 - 9 5 for a detai led descr ip 
tion of these propert ies. P y r e - M . L . products are U.L.® 
approved. 

Description of Product 

Pyre -M.L . Liquid " H " is a coat ing solut ion 
which is converted into polyimide film by the app l i ca 
tor. The product propert ies are descr ibed in Table 
27. The speci f icat ions stated herein apply to R C -
5097 used for top coating airframe and a e r o s p a c e 
wires either for commerc ia l uses or in comp l iance 
with military uses such as cal led out in Military s p e c s 
MIL W-81381 . Frequently, cus tomers will p igment 
R C - 5 0 9 7 for color coding or cosmet ic r easons . T h e 
procedure for facilitating pigmentat ion is descr ibed in 
Appendix I. 

Table 27 

PYRE-M.L. PRODUCTS SPECIFICATION 

Code RC-5097 

Solids(%)(1) 

Viscosity 
(Poise)(2) 

Solvent System 
NMP(%) 

Aromatic Hydrocarbon(%) 

Density 
LBS/Ga l 
(+/-0.05) 

KGS/Ga l 
(+/-0.023) 

10.5-11.5 

105-135 

7 5 - 8 5 

1 5 - 2 5 

8.64 

3.92 

Note: {1) N E M A Test Method - 2gm/2hr./200°C Bake 
(2) Measured at 25°C with Brookfield Viscometer #3 Spindle @ 6 RPM. 

Viscosity Stability 

The viscosity as manufactured, is not stable but 
gradually drops by 35%, and then increases to gel. Gela
tion occurs in approximately 14 days at 120°F (49°C), 
30 days at 100°F (38°C), and 90 days at 77°F (25°C). At 
40°F (4°C), it will not gel in one year. Hence, it is rec
ommended that Pyre-M.L. be stored under refrigeration 
conditions prior to use. Pyre-M.L. is stored at 40°F in the 
Pyre-M.L. manufacturing plant warehouse in Parlin, NJ , 
USA. Storage in an unheated building may be accept
able during winter Viscosity measurements are strongly 
affected by temperature. See Graph No. 2 (page 2) for 
temperature-viscosity conversion. 

Moisture contamination has a detrimental effect on 
viscosity stability, and hence, must be avoided. Allow all 
chilled containers to reach room temperatures before open
ing them to avoid moisture from condensing. 
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Safety and Handling Procedures 

Whi le we are not aware of any health prob
lems attributed to the use of this and related products 
during the past 20 years , good industrial hyg iene 
should be pract iced. P y r e - M . L . wire ename ls and 
varn ishes should be handled in wel l-venti lated a reas , 
eye contact must be prevented, and skin contact 
should be minimized. 

The T L V for Xy lene is lOOppm ( A C G I H ) . A n d 
while the A C G I H has not es tab l ished a T L V for 
n-methyl-pyrrolidone, 1ST has estab l ished an internal 
exposure limit of 25ppm. If venti lation is not adequa te 
to maintain work p lace air concentrat ions be low these 
levels, N I O S H / M S H A approved respirators shou ld be 
worn. Eye protection and Neoprene g loves should be 
used. 

An imal tests have shown that these mater ia ls 
are only slightly toxic when ingested. They do c a u s e 
skin irritation after prolonged or repeated contact, and 
any inadvertent skin contaminat ion should be 
promptly washed off with water, in the event of eye 
contact, f lush with water for 15 minutes and s e e a 
physic ian. 

The solvents typical ly used with P y r e - M . L . 
are extremely f lammable and must be kept away 
from sparks, open f lame, or other sou rces of ignition. 
Al though we have not run tests, we would predict the 
by-products of combust ion would be toxic by inhala
tion. 

Waste d isposa l of Py re -M .L . shou ld be car
ried out in an E P A approved incinerator. Under these 
condit ions, there is enough oxygen present that toxic 
by-products are min imized. The d isposa l of Py re -
M.L. must comply with Loca l , State and Federa l regu
lations. 

FDA Status 

Pyre -M.L . products are not F D A approved . 
I.S.T. neither warrant ies these products nor sanc t ions 
their usage in medical appl icat ions un less explicit ly 
approved. 
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PYRE-M.L. THINNER - T-8585 

Introduction 

Pyre-IVI.L. products are part of a family of 
materials based on aromat ic poly imides wh ich are 
one of the most thermally stable organic mater ia ls. 
These products include P y r e - M . L . Wi re E n a m e l s , 
Py re -M.L . Liquid " H " E n a m e l s , P y r e - M . L . Insulating 
Varnish, and Py re -M .L . Thinner. Table 1 (see page 
1) descr ibes these products, their assoc ia ted c o d e s / 
grades, and M L Technical Bulletin numbers . Py re -
M.L. products are U.L.® approved . 

Description of Product 

Pyre -M.L . Th inner (T-8585) is a mixture of 
N-Methyl-Pyrrol idone and aromat ic hydrocarbon 
solvents in an 80/20 ratio. Th is product w a s des igned 
to meet the "thinning" needs of P y r e - M . L . cus tomers . 

Application of PYRE-M.L . Thinner: 

T-8585 is added on an as needed bas is , to 
Pyre -M.L . enamels or varn ishes to lower their 
viscosit ies and/or sol ids. The amount of T-8585 
required depends upon the extent of v iscos i ty /so l ids 
reduction des i red. For reducing viscosity, T-8585 
amount is est imated using past exper ience or running 
a smal l pilot in the laboratory. For reducing % sol ids, 
T-8585 amount is calculated by using the fol lowing 
formula: 

T-8585 to be added (in Lbs . per 100 lbs. of Py re -M.L . ) 

= (old sol ids in %) x 100 / (new so l ids in %) - 1 0 0 . 

If both the sol id and v iscosi t ies need to be 
lowered, then lower the sol ids using the above 
formula. R e c h e c k the new viscosity. If it is still h igh, 
then lower it by running a pilot or est imat ing from the 
past exper ience. 

The thinner must be m issed thoroughly with 
Py re -M.L . prior to use . 

Shelf Life 

Three year shelf life is recommended for T-8585 
from unopened containers. Frequent opening and closing 
of the T-8585 containers will lower its shelf life. 

Storage Conditions 

Unlike Pyre-M.L. wire enamels or varnishes, 
refrigeration is not required for Pyre-M.L. Thinner T-8585. 
Room temperature storage is adequate. 

Materials of Construction 

For thinning, stainless steel 316, H D P E , 
polypropylene, or other suitable material of construction is 
required for the mixing equipment and the contact 
surfaces. 

Safety and Handling Procedures 

Whi le we are not aware of any health prob
lems attributed to the use of this and related products 
dur ing the past 20 years , good industrial hygiene 
shou ld be pract iced. P y r e - M . L . wire ename ls and 
varn ishes shou ld be hand led in wel l-venti lated a reas , 
eye contact must be prevented, and skin contact 
shou ld be min imized . 

T h e T L V for xy lene is lOOppm (ACGIH) . A n d 
whi le the A C G I H has not es tab l i shed a T L V for 
n-methyl-pyrroi idone, 1ST has es tab l ished an internal 
exposu re limit of 2 5 p p m . If venti lat ion is not adequate 
to maintain work p lace air concentrat ions below these 
levels , N I O S H / M S H A approved respirators should be 
worn . E y e protect ion and Neop rene g loves should be 
u s e d . 

A n i m a l tests have shown that these mater ials 
are only sl ightly toxic w h e n ingested. They do cause 
sk in irritation after pro longed or repeated contact, and 
any inadvertent sk in contaminat ion should be 
promptly w a s h e d off with water. In the event of eye 
contact, f lush with water for 15 minutes and s e e a 
phys ic ian . 
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The solvents typically used with Pyre-M.L. are 
extremely flammable and must be kept away from sparks, 
open flame, or other sources of ignition. Although we have 
not run tests, we would predict the by-products of combus
tion would be toxic by inhalation. 

Waste disposal of Pyre-M.L. should be carried out 
in an EPA approved incinerator Under these conditions, 
there is enough oxygen present that toxic by-products are 
minimized. The disposal of Pyre-M.L. must comply with 
Local, State and Federal regulations. 

FDA Status 
Pyre-M.L. products are not FDA approved. I.S.T. 

neither warranties these products nor sanctions their usage 
in medical applications unless explicitly approved. 



Appendix I 

COLORING LIQUID H POLYIMIDE WIRE ENAMEL 
Introduction 

Polymide jacketed wire, insulated witti Tef
lon®, can be colored by three methods - topcoats , 
show through, and pigmentat ion. T h e natural color of 
cured Liquid H is ye l low depend ing on coat th ickness 
and curing condi t ions. If the poly imide is no more 
than one or two mils thick, the color of the Tef lon® will 
show through although it will be distorted toward a m 
ber by the polyimide. B lues and white are particularly 
affected. Pigment ing the Liquid H p roduces colors 
that are unaffected by coating th ickness, are most du 
rable and less expens ive than topcoats and retain the 
printing, potting and thermal propert ies of the base 
polyimide. B lues and whites cannot be ready by this 
route. 

Description of the Process 

Most pigments sui table for color ing Tef lon® 
will perform well in Liquid H. A color concentrate will 
first be made in N-methyl-2-pyrrol idone. Th is is done 
by blending the ingredients to make a 2 0 % (weight) 
pigment mixture and grinding 24 hours in a ball mill 
for five minutes in a homogenizer . T h e result ing color 
concentration should then be sc reened through a 200 
mesh s ieve to remove any large part ic les. 

Liquid H is p igmented by adding one or more 
color concentrates and stirring with a sui table propel 
ler type mixer. S i n c e the natural poly imide color is 
so intense, a high pigment loading is needed to get 
reasonable colors. The highest loading attempted 
was 3 0 % (based on the final product). At high load
ings the polyimide b e c o m e s brittle; we do not sugges t 
loadings beyond 2 0 % without ex tens ive test ing. C o n 
centrate addition to Liquid H should be done whi le the 
polymer is being stirred to get the best mixing effect. 
Because Liquid H is so v i scous , a one hour mixing 
time should be al lowed to ensure h o m o g e n o u s b lend 
and the mixing energy should be ten horsepower 
per hundred gal lons. S a m p l e color formulat ions are 
shown in Table 28. They are calcu lated to produce 
2 8 % pigment in the final product. 

Coat ing with p igmented Liquid H is the s a m e 
as the natural product except the v iscosi ty is slightly 
lower. Add ing color concentrates ra ises both so l ids 
level and N M P content. Liquid H is 1 2 % sol ids and 
the concentrat ion 2 0 % . No change in coat ing build 
should be not iced. The str ipping die d iameter will re
main at 6-10 mils larger than the wire for 1/4 mil build 
per pass . The oven profile shou ld be 250°F at the bot
tom to 450°F at the top and the wire res idence t ime 
will remain at one to one and one quarter minutes per pass. 

Safe Handling Practices 

The organic solvents used in Liquid H are com
bustible. Keep away from heat and oven flame. Use only 
with adequate ventilation and avoid breathing vapors. Skin 
contact should be avoided. Exposed areas should be 
flushed with water immediately. Wash hands thoroughly 
after handling. Keep container closed. 

Rubber gloves resistant to the solvents used with 
Liquid H can be purchased from Richmond Rubber Com
pany, 618 East Leigh Street, Richmond, Virginia. Specify 
"Will-Guard" No. 64. 

Some of the pigments used to color Liquid H are 
highly toxic. The manufacturer's suggestions for handling 
them should be learned and followed. 

Storage and Handling 

Pigmented Liquid H should be stored below 70°F. 
It must be kept in closed containers, free of moisture. 
Some pigments may tend to settle after prolonged storage 
and will require reconstitution immediately before use. 

Table 28 
LIQUID H COLOR FORMULATIONS 

Parts by Weight 
YELLOW 

Liquid H 301 (12% solids) 100 
White Cone. (20% TiPure R-900 in NMP)* 15 

BROWN 
Liquid H 301 100 
White Cone. (20% TiPure R-900 in NMP) 5 
Brown Cone. (20% Ferro Brown V5102 in NMP)** 10 

ORANGE 
Liquid H 301 100 
Orange Cone. (20% Ferro Orange in NMP) 10 
White Cone. (20% TiPure R-900 in NMP) 5 

RED 
Liquid H 301 100 
Red Cone. (20% Ferro Red V8845 in NMP) 14 
White Cone. (20% TiPure R-900 in NMP) 1 

BLACK 
Liquid H 301 100 
Orange Cone. (20% Ferro Black V302 in NMP) 10 

PURPLE 
Liquid H 301 100 
Red Cone. (20% Ferro Red V8845 in NMP) 14 
Blue Cone. (20% Ferro Blue V3285 in NMP) 1 

"TiPure" Is a Du Pont Registered Trademark 
' "Ferro is a Ferro Corporation Trademark 
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