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particle dispersing process and also to increase the stability of the nanofluid
; T thus produced. The nanofluid is compatible with electronics and has en-
us i TSR AR RN hanced thermal conductivity for use in cooling electronics. Techniques are
‘ described that can be used to efficiently disperse different forms of nano-
particles into a base fluid and produce a stable nanotluid which is compatible
with electronic circuitry and components.



wO 2012/106276 A3 N0V U OO

Published: (88) Date of publication of the international search report:
21 February 2013

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2012/023208

A. CLASSIFICATION OF SUBJECT MATTER

CO9K 5/10(2006.01)i, CO9K 5/00(20006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
CO9K 5; CO8K 3; E21B 43; F28F 9; C10M 125, C10M 169

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: nanofluid, cooling, electronics, thermal conductivity, dielectric*, base fluid, nanomaterial,
carbon nanotube, hexagonal boron nitride.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2004-0209782 Al (ZHANG, ZHIGIANG et al.) 21 October 2004 1-7,10-15,18,19
See abstract; paragraphs [0022] — [0067]; examples 2 - 7.
% See paragraph [0006]. 16,17,20
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. I:l Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

See Extra Sheet.

1. Alslall required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:l As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. l:l As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. l:l No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest I:I The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
& No protest accompanied the payment of additional search fees.
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(Continuation of Box No. I1I.)

Group I Claims 1 - 8 are directed to a fluid composition for cooling clectronics comprising: a dielectric base fluid;
about 0.001 to about 1 percent by weight of a nanomaterial having an aspect ratio of 500 - 2000 dispersed into the
dielectric base fluid, the nanomaterial having a thermal conductivity greater than the predetermined thermal
conductivity of the dielectric base fluid; and a chemical dispersing agent.

Group II: Claim 9 is directed to the fluid composition of claim 8 and claim 8 in turn is dependent on claim 1,
wherein the oxide of claim 9 comprises hexagonal boron nitride. However, hexagonal boron nitride is not
acknowledged to be an oxide material in a common sense of the inorganic material technology, even though it may
contain boron trioxide as an unreacted impurity. Furthermore, the aspect ratio of hexagonal boron nitride used in
the example cannot be defined because of non-available value of diameter (See Table 1 at page 9). In conclusion,
the nanomaterial of claim 9 is neither an oxide nor nanomaterial having a specific aspect ratio, and thus claim 9 is
treated as an independent claim directed to a fluid composition for cooling electronics comprising about 0.001 to
about 1 percent by weight of a hexagonal boron nitride dispersed into the dielectric base fluid, the hexagonal boron
nitride having a thermal conductivity greater than the predetermined thermal conductivity of the dielectric base
fluid and a chemical dispersing agent.

Group III: Claims 10 - 19 are directed to a thermally enhanced fluid composition and a method for using or
creating the composition of claim 10 whercin the thermally enhanced fluid composition comprises a dielectric
base fluid; up to about 1 percent by weight of a nanomaterial dispersed into the dielectric base fluid, the
nanomaterial having an aspect ratio of 500 - 20000, and the nanomaterial having a thermal conductivity greater
than the predetermined thermal conductivity of the dielectric base fluid, and the nanomaterial having surfaces that
are modified by a chemical wetting agent; and the fluid composition has an electric breakdown field that renders
the fluid composition suitable for direct contact with an electronic component.

Group IV: Claim 20 is directed to a liquid submersion-cooled server computer characterized in the use of a
dielectric cooling liquid comprising: a dielectric base fluid; and up to about 1 percent by weight of a nanomaterial
dispersed into the dielectric base fluid, the nanomaterial having an aspect ratio of 500 - 20000, and the
nanomaterial having a thermal conductivity greater than the predetermined thermal conductivity of the dielectric
base fluid, and the nanomaterial having surfaces that are modified by a chemical wetting agent.

The only common technical feature among Group I - IV is: a fluid composition comprising: a dielectric base fluid;
and up to about 1 percent by weight of a nanomaterial dispersed into the dielectric base fluid, and the nanomaterial
having a thermal conductivity greater than the predetermined thermal conductivity of the dielectric base fluid.

However, this feature lacks novelty and/or inventive step with respect to the following documents:

(a) US 2004/0209782 Al, (b) Hwang, Y. et al., Current Applied Physics Vol. 651, ¢67 - €71, (¢) Choi, S. U. S. et
al., Applied Physics Letters Vol. 79, 2252 - 2254, (d) Xie, H. et al. Journal of Applied Physics Vol. 94, 4967 -
4971, (¢) Shaikh, S. et al., Journal of Applied Physics Vol. 101, 064302 (f) Choi, C. et al., Current Applied
Physics Vol. 8, 710 - 712

Thus there is no technical relationship left over the prior art among the claimed inventions, leaving the groups
without a single general inventive concept.

Hence there is lack of unity "a posteriori"(PCT Rules 13.1 and 13.2).

Form PCT/ISA/210 (extra sheet) (July 2009)
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