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ABSTRACT

A composite phase change material and the method for forming the material is disclosed
herein. thereof, especially a composite phase change material for lithium battery cooling,
comprising polyethylene glycol, silica vehicle and composite flame retardant comprising
graphite and polymer, wherein the weight ratio of the graphite and polymer is approximately 1:2.
The composite phase change material according to the invention has a good stability and a
thermal conductivity, a small corrosivity, a high phase transition enthalpy of 150-350J/g, and a
morphological stability during phase change. Moreover, addition of high thermal conductivity
material and composite flame retardant ensures good thermal conductivity and excellent flame

retardant effect of the phase change material.
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COMPOSITE PHASE CHANGE MATERIAL

Background of Related Art

Heat storage technology can be used to improve utility efficiency of energy and
environment protection. A phase change material is a substance with a high heat of fusion
which, melting and solidifying at a certain temperature, is capable of storing and releasing large
amounts of energy. For instance, heat may be absorbed or released when the material changes
from solid to liquid and vice versa. As such, phase change materials are oftentimes classitied as
latent heat storage units. A phase change material is one example of a latent heat material that
has been researched in the field of the heat storage technology, because the phase change
material has a large thermal storage density, and the process is easy to control. Thermal storage
and exothermic processes are approximately isothermal and the temperature range to be
controlled is large.

An organic composite phase change material can not only overcome shortcomings
presented in the single inorganic and/or organic phase change material, but can also improve the

thermal conductivity efficiency and the possible applications of the phase change material. Thus
it is an ideal phase change material. The composite phase change material, having less
corrosiveness, non-toxicity, and a high stability, has been widely applied in the thermostatical
control field, such as solar energy, waste heat recovery, building heating, and air conditioning,

no name a few, and now is an important heat storage material.

Summary

One object of the preset disclosure is to provide a new composite phase change material,

which may be well suited for cell cooling, and a preparation method thereof.
-1 -
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For instance, in one example, the present disclosure provides a composite phase change
material, comprising polyethylene glycol, silica vehicle, and a composite flame retardant with
graphite and polymer, the weight ratio of the graphite and the polymer in the composite flame
retardant i1s approximately 1:2.

In one example, the silica vehicle is nanoscale silica particles.

In one example, the polymer is at least one of polypropylene or ammonium
polyphosphate.

[n one example, the silica vehicle presents from 2 to 10% of the composite phase change
material.

In one example, the composite flame retardant presents approximately 20 % ot the
composite phase change material.

[n one example, the weight ratio of the polyethylene and the silica 1s approximately 9:1.

In one example, the graphite is an expanded graphite.

[n one example, the composite phase change material is operable for cooling a lithium-
ion battery provided with at least one single lithium-ion battery cell with a diameter close to
18mm and a length close to 65mm.

In one example, the lithium-ion battery is removably connectable to a power tool.

The present disclosure also provides a method of preparing the disclosed composite phase
change material. In one example method polyethylene glycol is dissolved in water and a
suitable amount of a silica gel solution formed by reacting a silica vehicle and a hydrogel is
added. The polyethylene glycol and the silica gel solution is mixed sufficiently by stirring, and
water is evaporated, to obtain a mixture of the polyethylene glycol and the silica vehicle. The

resulting mixture is crushed and a composite flame retardant comprising graphite and a polymer
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1n a weight ratio of approximately 1:2 is added and stirred uniformly to obtain the composite
phase change material.

In one example, the polymer is at least one of polypropylene or ammonium
polyphosphate.

In one example, the silica vehicle is nanoscale silica particles.

In one example, the silica particles have a diameter from 8 to 15 nm.

In one example, when mixing the polyethylene glycol and the silica gel solution, a
promoter composed of at least one of calcium chloride, magnesium chloride, or aluminum
chloride 1s added.

In one example, the silica vehicle presents from 2 to 10% of the composite phase change
material.

In one example, the composite flame retardant presents from 5 to 25% of the composite
phase change material.

In one example, the weight ratio of the polyethylene glycol and the silica in the
composite phase change material 1s approximately 9:1.

In one example, the composite phase change material may be used for cooling a battery
such as a lithium-ion battery provided with at least one single lithium-1on battery cell with a

diameter approximately 18mm and a length approximately 65mm.
In one example, the lithium-ion battery 1s removably connectable to a power tool.

The example composite phase change material described herein generally include
characteristics such as for example good stability and thermal conductivity, a low tendency
towards corrosion, a high phase transition enthalpy of approximately 150-350J/g, and a

morphological stability during phase change. Moreover, the addition of a high thermal

-3 -
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conductivity material and/or a composite flame retardant to the composite phase change material

can help to ensure good thermal conductivity and excellent flame retardancy effect ot the phase
change material, which can eliminate heat of rechargeable battery, in particular lithium chemical
matrix battery, achieve the desired effect, increase efficiency and increase the service life of the
battery.

Detailed Description

Table 1 illustrates an example test of fluidity and flame retardancy of the disclosed phase
change material composed of polyethylene glycol, silica and composite flame retardant in

different ratios.

1 No.y Formulation ;Erapez't}waB level | Fludaty
L ”‘_E‘_EG *Sx{};g }I?i.ame fetagéam . Alcohol lamp * |
1 |771%| 85% | 143% | NO | Poor
2 |675% | 75% | 250% | OK | Poor
13 | ?z.amT 80% |  200% | OK | Poor |
4 |745%|83% | 172% |  NO | Poor
|5 | 76.0% | 40% l 200% | NO | Good
6 |740% | 60% | 200% | OK | Common
(7 |732%| 68% | 200% |  OK | Lesspoor

Table 1}
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Table. 2 illustrates an example test of fluidity and flame retardancy of the disclosed phase
change material composed of polyethylene glycol, silica, and composite flame retardant 1n

different ratios.

Polyethylene glycol + | Composite flame | HB  level | V-2 level
| silica retardant flame flame
80% 20% retardancy | retardancy
Polveth | Silica | Ratio | Poly | Graphite | Ratio |
J ylene { mer |
gyl L L L I R |
| 72% 18% 191 5% |15% 113 [ YES INO
72%  |s% |91 |10% |10% |11 |YES  |NO |
4?&%3%&&1}%&1}@ glycol + | Composite flame | HB  level | V-2 level
| silica retardant | flame flame |
85.7% 143% | retardancy | retardancy
“f’f}iyeﬁ& Silica | Ratio | Poly | Graphite | Ratio
viene | | e L
| glycol | L I I i .
177.1% [8.6% |91 |7.15 |7.15% |11 |OK NO
77.1% [86% |91 [953 |477% |21 |OK OK
< | % |
| - } i i , {
77.1% [8.6% |91 572 1 858% 23 NO NO
% | ‘ i
Table 2

The following description of example methods and apparatus is not intended to limit the
scope of the description to the precise form or forms detailed herein. Instead the following

description is intended to be illustrative so that others may follow its teachings.
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Generally, the present disclosure is intended to provide a composite phase change
material, especially for eliminating heat from a battery such as a lithium-ion battery removably
connectable to a power tool with at least one single lithium-ion battery cell, such as a battery
with a diameter approximately 18mm and a length approximately 65mm, comprising
polyethylene glycol (PEG), silica (SIO,) vehicle, and a composite flame retardant containing
graphite and polymer, the silica vehicle is nanoscale material, wherein the ratio of the graphite
and the polymer in the composite flame retardant is approximately 1:2. The polymer can be
polypropylene, ammonium polyphosphate and/or a combination thereof. The method of
preparing the composite phase change material will be illustrated in detail below.

Example 1

In one example, (1) 180g of polyethylene glycol with Mn of 8000 is dissolved in 350g of
water to form a solution of polyethylene glycol. Additionally, 20g of a silica vehicle 1s reacted
with a hydrogel to form a silica gel solution, and then the resultant solution is combined with the
above solution of polyethylene glycol.

(2) The solution of polyethylene glycol is sufficiently mixed with the silica gel solution.

(3) After mixing, the water in the mixed solution is evaporated by heating, drying, and/or
drying naturally to obtain a mixture of the polyethylene glycol and the silica.

(4) The mixture is crushed by, for example, a crushing machine and/or other crushing

methods, and then 33g composite flame retardant of graphite and ammonium polyphosphate 1s

added to obtain the composite phase change material after being stirred uniformly, wherein the

weight ratio of the graphite and the ammonium polyphosphate 1s 1:2.
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In one example, the composite phase change material obtained by the above process
generally has a stable morphology, good flame retardancy, and a phase transition enthalpy of
approximately 150-350 J/g.

In the above composite phase change material and the method thereof, the silica gel
solution 1s obtained by reacting nanoscale silica, especially silica particles having a diameter of
approximately 8-15 nm with hydrogel.

In one example, the above composite flame retardant can be a mixture of graphite and
polypropylene, and/or a mixture of graphite, polypropylene, and ammonium polyphosphate.

In other example, a composite phase change material having different phase transition
enthalpy can be obtained by varying the ratio of polyethylene glycol, silica gel solution and
composite flame retardant, thereby varying the properties of flame retardancy, resistance and
anti-sagging. For instance, as shown in Table 1, the different contents of silica affected the
viscosity (fluidity) of the phase change matertal. When the content of silica 1s 2-10%, especially
closing to 8%, the viscosity 1s moderate. After the composite phase change material is packaged
in a lithium battery and charged for 180 times, the phase change material did not overflow the
packaging and remained a good morphology. In particular, when the weight ratio of the
polyethylene glycol and the silica is 9:1, the fluidity of the phase change material is poor, and
when 1t 1s packaged in the lithium battery and phase change i1s occurred, it did not exhibit
leakage.

While 1n the present disclosure the graphite 1s an expanded graphite, it will be
appreciated by one of ordinary skill in the art that 1t can also be an expandable graphite material.

Table 2 illustrates a sample test record of the flame retardancy of the phase change

materials with different ratios of polyethylene glycol, silica, and composite flame retardant. In

-7 -
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particularly, when the composite flame retardant presents 5-25% therein, especially closing to
20%, the tlame retardancy of the resulting composite phase change material is better and it can
be subjected to HB order of the flame retardancy test above alcohol lamp. In one example, the
weight ratio of the graphite and the polymer is 1:2, and the resulting composite phase change
material can be subjected to V-2 order of the flame retardancy test.

It has also been found in the test, that when the polyethylene glycol presents 50-90% of
the composite phase change material, especially 75-80%, the resulting composite phase change
material has the best properties, and during phase change it has a stable morphology, a higher
resistance, and a good flame retardancy, which is suitable for cooling of a battery unit such as a
l[ithium-10on battery unit.

It has also been found in the test, that when the nanoscale silica particles are dissolved in
water, the addition of a calcium chloride promoter can accelerate the gel reaction speed of silica
gel. In addition, calcium chloride, magnesium chloride, aluminum chloride, and/or any
combination thereof can be also added to accelerate the gel reaction speed. When the content of
the promoter presents 1-10% ot the whole composite phase change material, especially 1-5%, the
effect 1s more significant.

In one example, 1n order to increase the thermal conductivity of the composite phase
change material, a high thermal conductivity material comprising at least one of carbon fibers,

metal foam, nano-aluminum nitride, nanoscale metal particles, nanoscale metal oxide particles or

metal shavings can be added during the preparation process.

Example 2

In another example, (1) 100g water 1s added to 25g sodium silicate (Na,;S103.nH,0), and

the sodium silicate is completely dissolved.
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(2) The pH value of the sodium silicate solution is measured, and then suitable amount of
sulfuric acid is added to neutralize the pH value until the pH value of the sodium silicate solution
1s decreased to approximately 6 to obtain silica gel solution.

(3) 5 g calcium chloride is added to the silica gel solution, stirred and stood, the
resistance 1s measured at the time.

(4) After the solution is stratified, the upper water is filtered out and water 1s added again,
stirred and stood, the resistance is measured at the time and the step 1s repeated until the
resistance reaches a M ohm level.

(5) 100 g polyethylene glycol with Mn of 8000 is added to the silica gel solution, stirred
such that polyethylene glycol is completely dissolved to obtain a mixed solution.

(6) The water in the mixed solution is evaporated by heating, drying, or naturally drying
etc., to obtain a mixture of the polyethylene glycol and the silica.

(7) The mixture is crushed by crushing machine or other crushing methods, and the
composite flame retardant of graphite and ammonium polyphosphate is added to obtain the
composite phase change material after being stirred uniformly, wherein the ratio of the graphite

and the ammonium polyphosphate is 1:2.

The above composite flame retardant can be also a mixture of graphite and
polypropylene, or a mixture of graphite, polypropylene, and ammonium polyphosphate. When
the composite flame retardant presents 5-25% therein, especially closing to 20%, the flame
retardancy of the resulting composite phase change material is better and 1t can be subjected to
HB order of the flame retardancy test above alcohol lamp. In one example, the weight ratio of
the graphite and the polymer is 1:2, and the resulting composite phase change material can be

subjected to V-2 order of the flame retardancy test.

.0 .
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In the above preparation method, besides that calcium chloride is used as a promoter,
magnesium chloride, aluminum chloride, and/or a combination thereof can be also added to
accelerate the gel reaction speed. When the content of the promoter presents 1-10% of the whole
composite phase change material, especially 1-5%, the effect is more significant.

A composite phase change material having a different phase transition enthalpy can be
obtained by varying the ratio of polyethylene glycol, silica gel solution, and composite flame
retardant, to vary the properties of flame retardancy, resistance, and/or anti-sagging. For
instance, when the content of polyethylene glycol is 50-90%, the content of sodium silicate is 5-
30%, and the content of promoter is 1-10% of the composite phase change material, the resulting
composite phase change material has the best properties, and during phase change it has a stable
morphology, a higher resistance, and a good flame retardancy, which 1s, in one example, suitable
for cooling of a lithium battery unit. The measured content of silica vehicle presented in the
composite phase change material at the time is about between 2 and 10 %, the ratio of the
polyethylene glycol and the silica 1s about 9:1.

In one example, 1n order to increase the thermal conductivity of the composite phase
change material, a high thermal conductivity material composed of at least one of carbon fibers,

metal foam, nano-aluminum nitride, nanoscale metal particles, nanoscale metal oxide particles,

or metal shavings can be added during the preparation process.

-10 -
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We claim:

1. A composite phase change materal, comprising:

polyethylene glycol;

silica vehicle; and

a composite flame retardant with graphite and polymer,

wherein the weight ratio of the graphite and the polymer in the composite flame retardant

1s approximately 1:2.

2. The composite phase change material claimed in claim 1, wherein the silica vehicle is

a plurality of nanoscale silica particles.

3. The composite phase change material claimed in claim 1, wherein the polymer is at

least one of polypropylene or ammonium polyphosphate.

4. The composite phase change material claimed in claim 1, wherein the silica vehicle is

approximately 2 to 10% of the composite phase change material.

5. The composite phase change material claimed in claim 1, wherein the composite flame

retardant is approximately 20% of the composite phase change material.

6. The composite phase change material claimed 1n claim 1, wherein the weight ratio of

the polyethylene glycol and the silica is approximately 9:1.

“11 -
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7. The composite phase change material claimed in claim 1, wherein the graphite 1s

expanded graphite.

8. The use of the composite phase change material claimed in claim 1, wherein the

composite phase change material is used in cooling a battery.

9. The use claimed in claim 8, wherein the battery is a lithium-1on battery provided with
at least one single lithium-ion battery cell with a diameter of approximately 18mm and a length

of approximately 65mm.

10. The use claimed in claim 8, wherein the battery is removably connectable to a power

tool.

11. A method of preparing a composite phase change material, comprising steps of:

(1) dissolving polyethylene glycol in water and adding a silica gel solution formed by
reacting silica vehicle and hydrogel;

(2) mixing the polyethylene glycol and the silica gel solution by stirring;

(3) evaporating water from the mixed solution to obtain a mixture of the polyethylene
glycol and the silica vehicle;

(4) crushing the evaporated mixture;

(5) adding composite flame retardant composed of graphite and polymer in a weight ratio
of approximately 1:2; and

(6) stirring uniformly to obtain the composite phase change material.

_12 -
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12. The method of claim 11, wherein the polymer is at least one of polypropylene or

ammonium polyphosphate.

13. The method of claim 11, wherein the silica vehicle is a plurality of nanoscale silica

particles.

14. The method of claim 13, wherein the silica particles have a diameter of approximately

8 to 15 nm.

15. The method of claim 11, wherein in the step (2), when mixing the polyethylene glycol
and the silica gel solution, a promoter composed of at least one of calcium chloride, magnesium

chloride, or aluminum chloride 1s added.

16. The method of claim 11, wherein the silica vehicle is present from 2 to 10% of the

composite phase change material.

17. The method of claim 11, wherein the composite flame retardant 1s present from 5 to

25 % of the composite phase change material.

18. The method of claim 11, wherein the weight ratio of the polyethylene glycol and the

silica in the composite phase change material 1s approximately 9:1.

19. Use of the composite phase change material obtained according to the method of

claim 11, in cooling a battery.

_13 -
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20. The use claimed in claim 19, wherein the battery is a lithium-ion battery.

21. The use claimed in claim 20, wherein the lithium-ion battery is provided with at least

one single lithium-ion battery cell with a diameter of approximately 18mm and a length of

approximately 65mm.

22. The use claimed in claim 20, wherein the lithium-ion battery is removably

connectable to a power tool.

- 14 -



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims

