
EP0 424171 B1 Description Technical Field 6    This invention relates to
perfluorinated tertiary amine liquids and their hydrocarbon precursors, to
their preparation, and to the use of perfluorinated tertiary amine liquids
as heat transfer fluid in vapor phase (or condensation) heating processes,
such as reflow soldering of printed circuit boards and other devices.
Background Art The development of mass soldering tehniques has played an
Important role In the phenomenal growth of the electronics Industry. A
significant milestone in the advancement of this technology was the
Introduction in 1975 of vapor phase (or condensation) heating in soldering
operations by the Western Electric Company, Inc. -- see for example U. S.
Patents Re. 30,399 (Ammann at al) and 4,238,186 (Pfahl); Condensation Sol-
15  dering: A New Mass Soldering Process" by T. Y. Chu et al In Weldin
Journal, April, 1975; and "Mass-Soldering Equipment For The Electronic
Industry" by S. Karpel in the Quarterly Journal of The International Tin
Research Industry Institute No. 130 (1981), pages 1-3. Briefly, the vapor
phase soldering process comprises heating a pool of an Inert perfluorinated
liquid to boiling In a tank to form a saturated vapor of the liquid in the
space between the boiling liquid and a condensing 20  coil Immersing In the
vapor the workplace to be soldered, e.g. a printed circuit board with
pre-applied solder, so that the workpiece is enveloped by the vapor,
allowing the vapor to condense on the relatively cool surface of the
workpiece to thereby enable the vapor to give up its latent heat of
vaporization so as to melt and reflow the solder on the workpiece, and then
removing the soldered workplace from the vapor. The vapor phase soldering
process was first commercialized when Minnesota Mining and Manufacturing 25
Company ("3M") provided as heat transfer fluid for this process a product
called Fluorinert Electronic Liquid FC-70, a perfluoroalkyl tertiary
monoamine liquid boiling at about [err]. That temperature Is ideal for
tin-lead solder alloys and the electronic circuit board materials used for
most electronic applications. Further, that [err]temperature is now a
standard operating temperature for vapor phase soldering, and any heat
transfer fluid used or proposed for such operation is usually required to
have a boiling point of about [err]. 360 Said 3M Fluorinert product is made
by an electrochemical fluorination process comprising electrolyzing the
hydrocarbon analog precursor with anhydrous hydrogen fluoride, a reaction
in which carbon-bound hydro- gen atoms are replaced with fluorine atoms. A
more highly thermally stable product of this type Is sold by 3M as
Fluorinert[err] Electronic Liquid FC 5312. These products and the vapor
phase condensation heating tech- nology are described by R. D. Danielson In
"Vapor-Phase Soldering with Perfluorinated Inert Fluids," Proceed- 5   ings
of Technical Program NEPCON, 1979, Anaheim, California, 1979, and in 3M's
bulletin, 'Fluorinert [err] Uq- uids VaporPhase Heating References," No.
98-0211-43775(58.5) BG, issued May, 1988. ("Fluorinert and "FC" are
trademarks of 3M.) Because of the formation during vapor phase soldering of
trace amounts of perfluoroisobutylene("PFIB") and hydrogen fluoride ("HF")
as toxic decomposition products of fluorinated fluids, safety-related and
corro- 40  sion-related Issues have led to the need for heat transfer
fluids which produce lower amounts of PFIB and HF. Concern about these
toxic compounds is described, for example, in Electronic Production, July,
1985, pages 47, 49, and in 3M Bulletin No. 98-0211-4411-2(78.2) R1 KY,
issued June, 1988. The aforementioned Fluori- nert   Liquid FC-5312 is more
thermally stable than Fluorinert [err]Liquid FC-70. And the use of
perfluorote- tradecahydrophenanthrene as a heat transfer fluid is disclosed
in U. S. Patent No. 4,549,686 (Sargent at al) 45 as not producing
detectable amounts of PFIB and HF. The latter fluorinated fluid is one of
the few known flu- orinated liquids which boil at [err], or about [err] the
Industry-set operating temperature standard for vapor phase soldering.
Disclosure of Invention 50 Briefly, in one aspect of this invention, a
novel perfluorinated inert liquid comprising predominantly per-
fluoro-N,N,N',N -tetrapropyidiaminopropane is provided. The propyl groups
can be normal or branched and the same or different and the propylene
moiety bonded to the two amino nitrogen atoms can be straight or branch-
ed; the preferred diamino compound Is
perfluoro-N,N,N',N'-tetra-n-propyl-1,3-diaminopropans. The liquid 55  boils
at 212 to[err], or about 215C, and, as indicated by its perfluorinated
inert character, is essentially free 



of hydrogen, chlorine, and bromine atoms, and is advantageously chemically
inert and stable, thermally stable, non-oxidizing, electrically
non-conducting, and non-flammable and boils to produce vapors with the same
said properties as the liquid. Those properties, togetherwith the vapor's
relatively high density and high latent heat 2    EP 0 424 171 B1 of
vaporization, make the liquid particularly useful as a heat transfer (or
working) fluid for vapor phase (or con- densation) heating operations, such
as soldering. When used for such operations, the liquid produces sinif-
icantly low amounts of PFIB and HF and very little "fog" (and thus low
fluid loss). Its use also results in less 5   "wash-off of commercial
solderfluxes (and thus thefunction of the fluxes Is maintained and there is
minimum contamination of the liquid with flux). The liquid also has a
relatively low pour point, a wide liquid range, and relatively low
viscosity, all of which properties facilitate its handling and use over
wide temperature ranges. The perfluorinated inert liquid of this invention
(referred to herein as the "perfluoro diamine") can be pre- pared by
electrochemical fluorination. The latter Is a known type of a highly
energetic reaction which Is often 10  accompanied by carbon-carbon bond
cleavage that leads to fragmentation and recombination phenomena and
results In the formation of low and high molecularweightby-products. Those
by-products Include tars that often deposit on the electrodes of the
electrochemical cell and Impede current flow, with corresponding Increase
in the voltage necessary to continue the electrochemical reaction. That
increase in voltage results in Increased fragmentation and eventual current
stoppage and arrest of the electrical fluorination reaction. These problems
15  become aggravated when the number of carbon atoms In the compound used
as the cell feed, i.e., the organic substance being fluorinated, is
relatively high, e.g. more than 12 carbon atoms. Surprisingly and
notwithstand- Ing the relatively high number of carbon atoms, namely 15, in
the hydrocarbon used as precursor cell feed for the perfluoro diamine of
this Invention, this perfluorinated liquid can be produced by
electrochemical fluorin- ation at relative low voltage and with relatively
low amounts of by-products, the major condensible by-product 20  In the
cell product being perfluorotripropylamine, which can be readily separated,
e.g. by simple distillation to yield the perfluoro diamine as a distillate.
Detailed Description 25      The perfluoro diamine of this invention
obtained as said distillate comprises predominantly the perfluoro- N,N,N'N
-tetraprpyidiaminopropane compound and a minor amount of perfluorinated
compound(s) with es- sentiallythe same boiling point as the perfluoro
diamine compound. Generally, the distillate will contain at least 70 weight
percent, and even as high as 95 weight percent, of the perfluoro diamine
compound, and the balance will be the other perfluorinated
compound(s).which comprise cyclic derivatives of the hydrocarbon cell feed,
30   NNN ,N'-tetrapropyldlaminopmpane, and homologs and isomers of the
perfluoro derivative thereof. The dis- tillate will have a boiling point In
the range of 212 to [err]  or about [err], the particular boiling point for
a particular distillate product depending on the amount of by-products
still present therein, the typical boiling point being 214C at 740 torr.
The yield of the perfluoro diamine distillate can be, In the case of
perfluoro-N,N,N',N'-tetra-n-propyl-1,3- diaminopropane, as high as 40
percent, based on the hydrocarbon diamine precursor used as cell feed, such
yield being surprisingly high in view of the yield of only about 5 percent
for the perfluoro-N,N,N',-tetra-n-pro- pyl-1,2-diaminoethane product
produced by electrochemical fluorination of its hydrocarbon analog under
com- parable conditions. Said high yield of the perfluoro diamine is also
surprising in view of yields which are merely detectible (by gas-liquid
chromatography) of perfluoro-N,N,N',N'-tetra-n-butyl-1 ,2-diaminoethane (a
perfluoro 40  compound disclosed in said U. S. Patent No. 2,616,917)
produced by electrochemical fluorination under com- parable conditions from
its hydrocarbon precursor. The high yield is further surprising In view of
the low yields of perfluoro-N,N,N',N'-tetraethyl-1,3-diaminopropanes (b.p.
about [err] made by electrochemical fluorina- tion, as disclosed in
Chemistry Express, Vol. 3, No. 3, p. 191-194 (1988). The perfluoro diamine
liquid of this invention can be prepared by electrolyzing a solution of
liquid, anhy- 45  drous hydrogen fluoride containing the corresponding
hydrocarbon liquid precursor, N,N,N',N'-tetrapropyldia- minopropane, the
propyl and propylene moieties of which can likewise be straightorbranched
chain, N,N,N',N'- 



tetra-n-propyl-1,3-diaminopropane being a preferred. The electrochemical
reaction can be carried out In an electrolytic cell employing a nickel
anode and an iron or steel cathode, as described, for example, in U. S.
Patent Nos. 2,519,983 (Simons), 2,616,927 (Kauck et al.), and 2,713,593
(Brice et al.). The crude perfluorinated liquid 50  product removed from
the cell can be treated to remove residual HF by-product, for example by
treating the crude cell product with NaF, then fractionally distilling it
in one or more steps and treating with caustic, e.g. as described in U. S.
Patent No. 4,788,339 (Moore et al). A working example is hereinafter set
forth of the prep- aration of the perfluoro liquid of this Invention, The
perfluoro diamine of this invention can be used in the vapor phase heating
of an article. In such a 55 process, a fluorinated liquid is boiled to
produce a saturated vapor which contacts the article to be heated, the
vapor condensing on the relatively cool surface of the article and raising
its temperature to achieve a desired purpose, e.g. to cure a polymeric or
resinous protective coating on the article, e.g. an optical lens, the
Improve- ment in such process being the use of the perfluoro diamine. In
using the perfluoro diamine as a heat transfer fluid in vapor phase (or
condensation) soldering, the ma- 3    EP 0 424171 1 nipulative steps and
equipment therefor can be the same as that used with a fluorinated liquid
such as Fluor- inert[err]Liquid FC-70, e.g. as described in said 3M
bulletin No. 98-0211-4377-5(58.5)BE. Such process com- prises heating in a
tank of a soldering system a pool or body of the perfluoro liquid of this
invention to its boiling 5 point, e.g. about [err], toform and maintain a
body orzone of saturated vaporthereof atthe same temperature in a space
between the boiling liquid and condensing means such as cooling coils,
immersing in said body of vapor a relatively cool workplace assembly to be
soldered, e.g., a printed circuit board with surface-mounted, pre-applied
solder, allowing the vapor to condense on the workplace assembly and give
up its latent heat of vaporization so as to raise the solder to the boiling
point of the perfluoro diamine liquid and cause melting and 10  reflow of
the solder, and then removing from the soldering system the workpiece with
its resulting solder joints. The reflow of the solder takes place In the
vapor zone of the soldering system since the temperature of the vapor is
higher than the melting point of the solder but not so high that It damages
the workplece. The boiling point of the perfluoro diamine Is also ideal for
the tin/lead solders melting below [err] and for circuit board materials
used in most electronic applications. All tin/lead compositions with Sn/Pb
weight ratios ranging from 15  55/45 to 80/20 are liquid from [err] Typical
solders which can be reflowed with the vapors of the perfluoro liquid of
this Invention are 63Sn/37Pb, 6OSn/4OPb, 62Sn/36Pb/2Ag, and 50Pb/501n. The
solder can be pre-applied to the workpiece in the common ways now used In
mass reflow soldering operations. Since the vapor phase soldering
environment is essentially oxygen-free, a less active flux can be used or,
in some cases, no flux at all. 20     The soldering system used with the
perfluoro diamine can be either a batch system or a continuous in- line
system. For batch soldering, workpiece assemblies are lowered vertically
into the saturated vapor zone. A secondary vapor blanket may be used to
help contain the primary vapor In the unit. In-line vapor phase sol- dering
uses a continuousconveyortotransportassemblies
horizontallythroughthesaturatedvaporzone. Said U. S. Patent Re. 30,399
illustrates equipment which can be used in such batch and continuous
systems, and 25 there are a number of liquids commercially available which
can be used to provide secondary vapors, such as 3M SF-2 Secondary Fluid
described In 3M's bulletin 98-02114542-2, issued March of 1989. In batch
soldering units, the reflow time will depend on the surface area and mass
of an assembly and must be determined for each application. In most
situations, reflow time will range from approximately 15 to 30 seconds. For
a heavy workpiece, 60 to 90 seconds may be required. For in-line systems,
reflow time is de- 30  pendent on the mass of the workpiece,but usually
will be 10 to 20 seconds for small pieces. There is a host of electronic
assemblies which can be soldered by vapor phase heating and such assem-
blies can likewise be soldered in the practice of this invention, including
wire-wrap pin backplane assemblies, printed circuit boards to which
tin/lead or tin electroplate Is to be fused, terminal configurations which
incor- porate tin plating on small components or leaded devices, plug-in
packages or through-hole components, as- 



35 semblies Involving odd geometries or dissimilar materials such as gyro
stator housing, and various devices, board types, and configurations
Including lead lists and leaded packages, plastic and ceramic devices,
ceramic or organic boards, and single or double-sided assemblies which have
planar mounting surfaces. Vapor phase heating equipment which can be used
with the perfluoro diamine is available from several manufacturers, all of
which equipment have a heat source, such as an immersion heater or a
thermal mass 40  system, to generate the vapor zone. An example of a
production system which can be used for vapor phase soldering with the
perfluoro diamine is the "Phase-Four" production system supplied by Hybrid
Technology Corporation ("HTC") and described In its bulletin (undated) on
such production systems. Though the foregoing description focuses on the
use of the perfluoro diamine of this invention in vapor phase soldering
operations, such liquid can be used as heat transfer medium in other vapor
phase heating 45 applications where a rapid heattransfer is advantageous,
such as in the processing of various polymers, epox- ies, metals, and
coatings, e.g. In the curing of thermosetting resin coatings. The perfluoro
diamine of this invention can be made, as discussed above, by the
electrochemical fluor- ination of its corresponding hydrocarbon liquid
precursor, which is preferably N,N,N',N'-tetra-n-propyl-1,3-dia-
minopropane. That precursor in turn can be made by reacting dipropylamine
with acrolein or with either 1,3- 50 dichloropropane or 1
,3-dibromopropane, as illustrated in the following reaction schemes: [err]
Eq.  Ia [err] 4    EP 0 424 171 B1 [err] [err] 10           [err] In the
reaction of Eq. Ia, acrolein Is reacted with two equivalents of
dipropylamine to produce the Inter- 15   mediate enamine, which is
catalytically hydrogenated or reduced in the reaction of Eq. 1b to the
desired pre- cursor N,N,N',N'-tetra-n-propyl diaminopropane. Solvents can
be used in each step, such as ethyl acetate, iso- propanol, methylene
chloride, and excess dipropylamine (but, surprisingly, not methanol and
toluene). A de- hydrating agent, such as [err] or zeolite, may be used to
remove by-productwaterthat results from the reaction of Eq. la. (These
dehydrating agents can be present during the reduction of Eq. lb).
Alternatively, 20  the water resulting from the reaction of Eq. la may be
removed as a separate phase, If a solvent such as ethyl acetate is used, or
It can be left present in carrying out the reaction of Eq. lb. Acceptable
reduction catalysts include platinum, palladium, and Raney nickel,
platinum-on-carbon being preferred. The reduction temperature and pressure
are relatively mild (25C and 0.5 mPa). The success of this reduction is
surprising In view of the reported instability of
N,N,N',N-tetra-isopropyl-1,3-diaminopropane (see H. Finch, etal. Jour. Am.
Chem. Soc. 25  74, 2016 (1952)) and the failure of this material to reduce
to the corresponding 1,3-diaminopropane. The alternative routes illustrated
by Eqs. II and III involve nucleophilic displacement of chloride and bro-
mide, respectively, from the corresponding 1 ,3-dihalopropane by 2
equivalents of dipropylamine. The dichlor- opropane is preferably reacted
in dimethylformamide solution at 130C, while the dibromopropane reacts
read- ily with neat dipropylamine at 90-100C. 30      An isomeric perfluoro
diamine can be prepared by electrochemical fluorination of
N,N,N',N'-tetrapropyi- 1,2-diaminopropane. This precursor can be preparedin
reactions analogous to Eqs. II and III, starting with the 1
,2-dihalopropane. In all of the above reaction schemes, N-isopropyl groups
can replace some or all N-n-propyl groups, to lead to perfluoro diamines in
which some or most of the perfluoro-N-propyl groups are isopropyl. Objects
and advantages of this invention are illustrated In the following examples.
35 Example 1. A mixture of 41.4 g (0.41) mol dipropylamine, 10 9 MgSO4, and
100 mL ethyl acetate was cooled to 10C and 14 mL (0.2 mol) acrolein was
added dropwise over 30 min. The temperature was maintained at 10-1 5C. 



40  The resulting mixture was allowed to warm to room temperature and
stirred 3 hr. The [err] was filtered and the ethyl acetate solution was
flushed well with [err] before addition of 0.15 g 5% palladium on carbon.
The re- suiting enamine solution was then placed on a Parr low pressure
hydrogenator at 0.35 MPa (50 psig [err]). After 24 hr the hydrogenated
mixture was filtered and distilled to 27.7 g of N,N,N',N-tetra-n-propyl-1
,3-diaminopro- pane distillate (representing a yield of 58%), bp 120-30C/10
torr, and a residue of 1.7 g. The distillate can be 45  used as feed for
electrochemical fluorination to produce the perfluoro diamine of this
invention; alternatively, said hydrogenated mixture can be filtered and
stripped and used as said feed. Example 2 50     A mixture of 18.2g (0.16
mol) 1,3-dichloropropane and 100 mL dipropylamine was heated at reflux
[err] for 17 hr. Gas-liquid chromatography (glc) of a base-washed aliquot
showed 1% of the mixture was the desired diamine product. After addition of
25 mLdimethylformamide, the mixture was heated at 130C for 3 hr, forming a
white slurry. Glc now showed the product to contain 45% dipropylamine, no
dichloride, 7% mono amine, and 44% desired diamine. The mixture was washed
with aqueous NaOH and the upper organic layer was distilled 55  to yield
31.6g of the diamine (a 40% yield) boiling at 80-88C/0.3 torr. Glc showed
the product to be 94% N,N,N',N'-tetra-n-propyl-1,3-diaminopropane, the
purity being confirmed by nmr. 5    EP 0 424171 B1 Example 3 A solution of
di-n-propylamine (45 g, 0.45 mol) in 20 mL isopropanol was stirred at
reflux [err] while add- 5 ing 20.2 g (0.1 mol) 1,3-dibromopropane. Avery
slight exotherm was noted. The mixture formed a mobile slurry of HBr salts
in 1 hr. The glc of aliquots of the slurry quenched in dilute NaOH showed
the reactin to b comple in 1.5 hr. The mixture on cooling remained an
easily stirred slurry. Addition of a solution of 9 g (0.225 mol) NaOH in 20
mL water neutralized the HBr and caused separation of the product and
unreacted dipropylamine as a dear, thin, upper layer. Distillation first
yielded dipropylamine a  [err]nd then 44.6 g of the to   N,N,N',N
-tetra-n-propyl-1,3-diaminopropane (a yield of 90%) with a bp of [err]
torr. Example 4 A mixture of 45 g (0.45 mol) dipropylamine, 20 mL
isopropanol, 10 g NaOH, and 20 mL [err] was heated 15  to near-reflux and
40.4 g (0.2 mol) 1 ,3-dibromopropane was added over 5 min. After 3 hrs at
reflux, the mixture was cooled and the upper, organic phase was separated
and amounted to 39.3 g of essentially pure N,N,N',N'-
tetra-n-propyl-1,3-diaminopropane, the yield being 91% of the crude diamine
product. Example 5 20 A 50-ampere electrochemical fluorination cell of the
type described In U. S. Patent No. 2,713,593 was charged with 1500 g liquid
anhydrous hydrogen fluoride. N,N,N',N'-tetra-n-propyl-1,3-diaminopropane
(833 g), prepared as described in Example 3, was charged periodically to
the cell with additional anhydrous hydrogen fluoride as needed. The cell
was operated continuously at 5.0 to 6.0 volts, 30 amperes, 40 to [err], and
0.20 25 to 0.28 MPa. The condensable gaseous products were recycled to the
cell, and the liquid fluorocarbon product mixture, present as a lower
layer, was separated from the hydrogen fluoride layer to yield 2218 g of
crude flu- orochemical product. Some of the crude perfluorinated product
was treated with a small amount of NaF to re- move residual hydrogen
fluoride and fractionated, initially by heating under a 3-plate Snyder
distillation column until the head temperature reached 195C and then
distilled in a one-plate mode to a heart cut of distillation 30  range
202-[err]. This product was treated with caustic as described in said U. S.
Patent No. 2,616,927 to produce a stable
perfluoro-N,N,N',N-tetra-n-propyl-1,3-diamino-propane product, the yield
being 38%. Another portion of the crude perfluorinated product was treated
with caustic and fractionated on a one meter distillation column, packed
with glass helices, to give a heart cut of distillation range of [err]. The
fractionated material was treated with excess potassium permanganate in
acetone and washed well with acet- 35  one, to provide
perfluoro-N,N,N',N-tetra-n-propy-1 ,3-diaminopropane product free of
oxidizable trace impur- ities. Analysis by H-nmr showed the caustic-treated
material to contain very little hydrogen, namely only 0.026 



mg/g. The F-nmr indicated that 92% of the end groups of the product were
[err]; the remaining groups were [err] (2%) and possibly [err] (6%). Gas
chromatography and mass spectral analyses confirmed these assignments, with
95.5% of the end groups identified as -CF2CF2CF3. Evidence for the low
level presence of 40 cyclic materials was seen by both techniques. This
purified perfluoro diamine was characterized for thermal stability, pour
point, loss rate, and flux wash-off by the following procedures. The
thermal stability of the perfluoro diamine was determined by heating In the
presence of aqueous so- dium acetate and subsequently analyzing for
fluoride. Thus, a stainless steel tube was charged with 10 g 0.1 molar
sodium acetate solution and l0g fractionated product and then heated at
215C for 16 hr. Subsequent 45  analysis for fluoride ion with a
fluoride-specific electrode showed 7.2 parts hydrogen fluoride generated
per million parts of perfluoro-N,N,N',N'-tetrapropyl-1,3-diaminopropane. In
comparison, Fluorinert Liquid FC-70 produced 28 parts hydrogen fluoride per
million parts of the Fluorinert Liquid. Thermal generation of
perfluoroisobutylene was also measured by heating the perfluoro diamine at
reflux in a three-necked glass flask with a 35 ml/min flow of nitrogen
across the liquid and measuring the evolved 50 perfluoroisobutylene with a
gas chromatograph calibrated using known dilutions of perfluoroisobutylene
in ni- trogen. Under standardized conditions,
perfluoro-N,N,N',N-tetrapropyl-1,3-diaminopropane produced 0.032 part
perfluoroisobutylene per million parts of refluxing liquid at2 hrs. In
comparison, at[err], Fluorinert Liquid FC-70 produced 3.2 parts
perfluoroisobutylene. The pour point of the perfluoro diamine product was
found to be [err], compared with [err] for Fluorinert 55 Liquid FC-70. The
kinematic viscosity was 5.8 cs, compared with 14.5 cs for Fluorinert Liquid
FC-70. Loss rate was found by boiling the perfluoro diamine product in a
glass resinflaskwith one Lmin airsweep above the boiling liquid, the loss
over 24 hr. being 5.2 g/hr. which was the same as that exhibited by
Fluorinert Liquid FC-70. Flux wash-off, a measure of flux solubility, was
determined by coating glass slides with "Alpha" 611 flux 6    EP 0 424171
B1 and immersing these in the vapor zone of a battery jar in which the
perfluoro diamine was boiling. The slides were tilted at a slight angle to
promote wash-off. After 2 minutes, the slides were removed and the weight
loss was recorded. The perfluoro diamine caused a 64% wash-off of flux,
whereas by comparison Fluorinert Liquid 5   FC-70 caused 63% wash-off and
perfluorotetradecahydrophenanthrene caused 80% wash-off. The latter two
observations are consistent with relative flux removal by these liquids in
actual use. Perfluoro diamine of this Invention, prepared by
electrochemical fluorination in a manner similar to the pro- cedure
described above, was effectively used in vapor phase soldering carried out
in a HTC 912 vapor phase soldering unit charged with about 3 liters of the
perfluoro diamine, heated to a steady state boil, with a vapor 10
temperature of [err] at 740 torr. Reflow of 63Sn/37Pb solder on
preassembled surface-mounted circuit boards was accomplished in 10 seconds.
Claims 15 1. A perfluorinated inert liquid comprising predominantly
perfluoro-N,N,N',N'-tetrapropyldiaminopropane and having a boiling point of
about [err]. 2. A liquid according to Claim 1 wherein said diaminopropane
is perfluoro-N,N,N',N'-tetra-n-propyl-1,3-dia- 20      minopropane. 3. A
process comprising electrolyzing in an electrolytic cell a solution of
liquid, anhydrous hydrogen fluoride containing a liquid comprising
N,N,N',N'-tetrapropyidiaminopropane and distilling the resulting cell
product to produce as a distillate the liquid of Claim 1. 4.  A liquid
comprising N,N,N',N'-tetrapropyidiaminopropane. 5. The liquid according to
Claim 4 wherein said diaminopropane is N,N,N',N'-tetra-n-propyl-1
,3-diaminopro- pane. 30  6. A process for preparing the liquid of Claim 4,
comprising reacting dipropylamine with 1 ,3-dichloropropane 



or 1,3-dibromopropane. 7. A process for preparing the liquid of Claim 4
which comprises reacting dipropylamine with acrolein and hydrogenating the
resulting product. 35 8. In a process of vapor phase heating of an article,
comprising boiling a perfluorinated liquid to produce vapor thereof and
contacting said article therewith to heat the same, the improvement
comprising using as said perfluorinated liquid the liquid of Claim 1. 40
9.  In a method of vapor phase soldering wherein a component to be soldered
Is immersed in or enveloped by a body of a perfluorinated liquid vapor to
melt the solder, and the component Is then withdrawn from the body of
vapor, the Improvement comprising using as the perfluorinated liquid the
liquid of Claim 1. 10. In a vapor phase soldering process, comprising
heating a pool of inert perfluorinated liquid to boiling in 45       a tank
to form a saturated vapor in the space between the boiling liquid and
condensing means, immersing In the vapor a workplace to be soldered whereby
the vapor is condensed on the surface of the workpiece so as to melt and
reflowthe solder, and the soldered workpiece is then removed from the space
containing the vapor, the improvement comprising using as said
perfluorinated liquid the liquid of Claim 1. PatentansprOche 1.
Perfluorierte inerte FlOssigkelt, die Oberwiegend
Perfluor-NN,N',N'-tetrapropyidiaminopropan aufwelst und einen Siedepunkt
von etwa 215 'C hat. 55   2.  FliOssigkeit nach Anspruch 1, bel weicher das
Diaminopropan Perfluor-N,N,N',N'-tetra-n-propyl-1,3- diaminopropan 1st. 3.
Verfahren, weiches umfa~t Elektrolysieren einer Losung von fltlssigem,
wasserfreien Fluorwasserstoff, 7    EP 0 424171 B1 and Immersing these in
the vapor zone of a battery jar in which the perfluoro diamine was boiling.
The slides were tilted at a slight angle to promote wash-off. After 2
minutes, the slides were removed and the weight loss was recorded. The
perfluoro diamine caused a 64% wash-off of flux, whereas by comparison
Fluorinert Liquid 5   FC-70 caused 63% wash-off and
perfluorotetradecahydrophenanthrene caused 80% wash-off. The latter two
observations are consistent with relative flux removal by these liquids in
actual use. Perfluoro diamine of this Invention, prepared by
electrochemical fluofination ina mannersimilar to the pro- cedure described
above, was effectively used in vapor phase soldering carried out In a HTC
912 vapor phase soldering unit charged with about 3 liters of the perfluoro
diamine, heated to a steady state boil, with a vapor 10  temperature of
[err] at 740 torr. Reflow of 638 n/37Pb solder on preassembled
surface-mounted circuit boards was accomplished in 10 seconds. Claims 15 1.
A perfluorinated inert liquid comprising predominantly
perfluoro-N,N,N',N-tetrapropyidiaminopropane and having a boiling point of
about 21 5C. 2.  A liquid according to Claim 1 wherein said diaminopropane
is perfluoro-N,N,N',N'-tetra-n-propyl-1,3-dia- 20      minopropane. 3.  A
process comprising electrolyzing In an electrolytic cell a solution of
liquid, anhydrous hydrogen fluoride containing a liquid comprising
N,N,N',N-tetrapropyidiaminopropane and distilling the resulting cell
product to produce as a distillate the liquid of Claim 1. 25  4. A liquid
comprising N,N,N',N'-tetrapropyldiaminopropane. 5.  The liquid according to
Claim 4 wherein said diaminopropane Is
N,N,N',N-tetra-n-propyl-1,3-diaminopro- pane. 30   6. A process for
preparing the liquid of Claim 4, comprising reacting dipropylamine with
1,3-dichloropropane or 1,3-dibromopropane. 7. A process for preparing the
liquid of Claim 4 which comprises reacting dipropylamine with acrolein and 



hydrogenating the resulting product. 35 8.  In a process of vapor phase
heating of an article, comprising boiling a perfluorinated liquid to
produce vapor thereof and contacting said article therewith to heat the
same, the improvement comprising using as said perfluorinated liquid the
liquid of Claim 1. 40   9   In a method of vapor phase soldering wherein a
component to be soldered is Immersed in or enveloped by a body of a
perfluorinated liquid vapor to melt the solder, and the component Is then
withdrawn from the body of vapor, the Improvement comprising using as the
perfluorinated liquid the liquid of Claim 1. 10. In a vapor phase soldering
process, comprising heating a pool of Inert perfluorinated liquid to
boiling In a tank to form a saturated vapor In the space between the
boiling liquid and condensing means, immersing In the vapor a workpiece to
be soldered whereby the vapor is condensed on the surface of the workpiece
so as to meltand reflowthe solder, and the soldered workpiece is then
removed from the space containing the vapor, the Improvement comprising
using as said perfluorinated liquid the liquid of Claim 1. Patentansprilche
1. Perfluorierte Inerte Flflsslgkeit, die Oberwiegend
Perfluor-N,N,N',N'-tetrapropyidlaminopropan aufwelst und eaen Sledepunkt
von etwa 215-.-C hat. 55   2.  Flflssigkelt nach Anspruch 1, bel welcher
das Diaminopropan Perfluor-N,N,N',N-tetra-n-propyl-1,3- diaminopropan ist.
3. Verfahren, weiches umfaSt: Elektrolysieren elner LUsung von flOssigem,
wasserfreien Fluorwasserstoff, 111111111111111111111 1111    EP 0424 171 B1
die eine N,N,N',N'-Tetrapropyidlaminopropan aufwelsende FlOsslgkeit
enthalt, in einer eiektrolytlachen Zelle und Destillieren des
resultierenden Zellenprodukts, urn ein Destillat der Fliissigkeit nach
Anspruch I zu erzeugen. 5 4.  FlOssigkeit, umfassend
N,N,N',N'-Tetra-n-propyl-1,3-dlaminopropan. 5.  FlOssigkeit nach Anspruch
4, bel weicher das Diaminpropan N,N,N',N'-Tetra-n-propyl-1,3-diaminopropan
;<;          Is~~~~~lt. 6. Vorfahren zum Herstellen der FlOssigkelt nachi
Anspruch 4, umfassend das Umsetzen von Dipropylamin mit 1,3-Dichlorpropan
oder 1.3-Dibrompropan. . .. -   7.  Verfahren zum Herstellen der
FiC19aagkelt nach Anspruch 4, welches das Umsetzen von Dipropylamin mit
Acrolein und Hydrieren des resultierenden Produkts umfaft. 15 8I In sinem
Verfahren zumr Dampfphasehoizen eines Gegenstands, umfassend das Siedien
einer perfluorierten Flissigkelt, umderen Dampfzu erzeugen und den
Gegenstand damitIn Kontaktzu bringen, umr diesen zu hekzen, die
Verbesserung, umfassend die Verwendung der FlfIssigkealt nach Anspruch 1
ala :  die perfluorlerte Flflsslgkeit. 20 9.  In sinem Verfahren zum
Dampfphaselten, bel welchem eine zu lotende Komponentb elngetaucht wird In
oder umgeben wird von elner Masse elnes Dampfes elner perfluorierten
Flfsslgkelt, um das Lot zu schmelzen, und die Komponente sus der Masse des
Dampfes sodann herausgezogen wird, die Verbes- serung, umfassend die
Verwendung der FlOssigkeit nach Anspruch I ala die perfluorlerte
Flussigkelt. : .     .. 25 10. In einem Dampfphaselotverfahren, umfassend
das Erhitzen eines Pools von inerter perfluorierter 1Fle- sigkeit zum
Sieden in einem Behilter, um In dem Zwischenraum der sledenden Fl~ssigkoit
und der Kon- densatlonavorrichtung elnen gesittigten Dampf zu bilden,
Eintauchen olnes zu Ictenden Worksticks in den Dampf, wodurch der Dampf an
der Oberflache des Werkstucks kondensiert wird und so das Lot schmilzt und
zum ROckfiull bringt und das gelotete Werkstfick sodann aus dern den Dampf
enthaltenden 



Raum entfernt wird, die Verbesserung, umfassend die Verwendung der
Flflsslgkelt nach Anspruch I als die perfluorlerte Flhsslgkelt. '5
Revendlications 1.  Liquide Inerte perfluor6 comprenant de fagon
pr6dominante du perfluoro-N,N,N',N'-tetrapropyIdlamino- propane et ayant un
point d'6bullition d'envlron 215C. 2.  Llquide selon la revendication I
dans lequel ledit diaminopropane est le perfluoro-N,N,N',N'-tetra-n-pro-
pyi-1,3-diaminopropane. 3.  Procede dans lequel on 61ectrolyse dans une
cellule 6lectrolytique une solution d'acIde fluorhydrique an- hydre liquide
contenant un liquide comprenant du N,N,N',N'-t6trapropyidlaminopropane et
on distille le produit cellulaire resultant pour produire comme distillat
le liquide de la revendicatlon 1. 4.  Liqulde comprenant du
N,N,N',N'-tetrapropyidlaminopropane. ;5.  Liquids selon la revendication 4
dans lequel ledit diaminopropane eat le N,N,N',N'-tetra-n-propyi-1 ,3-dia-
*                minopropane. 50 6. Procede de preparation du liquids de la
revendication 4, dans lequal on fait rdagir dejla dipropylanine avec du
1,3-dichloropropane ou dul,3-dibromopropane. -7.  Procede de preparation du
liquide de la revendication 4 dans loquel on fait reagirde la dipropylamine
avec ' - 6" de l'acrolbine et on hydrogene le produit r6sultant. 8. Dana un
proc6d6de chauifageen phasevapeurd'un article, danslequel onfaltboulilirun
liquide perfluor6 .               pour en produire de la-vapeur et on met
en contact avec eile ledit article pour le chauffer, I'am6lioration dans
laquelle on utilse comme ledit liquids perfluor6 le liquide de la
revendlicatlon 1. 8 * IN lij uhf1 HE 1111C1 I M  !    EP 0 424171 B1 9.
Dans un proc;d6 de soudage en phase vapour dans lequel on plornge un
composant a souder ou on lIen- veloppe par un corps de vapeur de liquide
perfluore pourfaire fondre 1a soudure, puis l'on retire le cornpo-. sant du
corps de vapeur, I'amlioration dane laquelle on utilise comme liquids
perfluor6 le liquide de la 5       revendication 1. *  10. Dana un proc6d6
de soudage en phase vapeur, dans lequel on chauffe une masse de-liquide
perfluore . s          - Inerte A 6bu1itbon dans une cuve pour former une
vapour saturee dans l'espace compris entre le liquide en ebullition et le
dispositif de condensation, on pionge dans la vapeur une plce oen cours
d'ushnage A 10      souder, co qui felt quo Ia vapeur se condense a la
surface de la plice usin6e de maniere A faire fondre et A reliquefier la
soudure, puls on retire la pi"ce usin6e soud6e de l'espace contonant la
vapour, I'am6- lioratlon dans laqueile on utillse comme ledit liquido
perfluore le liquide de la revendlcation 1. .15 20 25 30 40 46 50 55 I
IIIII   HiIIIIij  1  II i    


