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CRYO-SMASHING OF WASTE PCB

TECHNICAL FIELD

The disclosure relates to a method and apparatus for cryo-smashing waste

printed circuit board (PCB).

BACKGROUND

In recent decades, the waste electric and electronic equipment (WEEE) keeps
increasing world widely. Recycling of WEEE becomes more and more important
not only from the point of environment concern but also from point of the recovery
of valuable materials.

Waste PCB recycling is a major part in the WEEE industry. Generally, the
recycling process includes: 1) selectively disassembly: removing the components
attached on PCB, such as capacitors; 2) upgrading & refining: using mechanical,
chemical and/or metallurgical processing to upgrade desirable material contents,
then refining to recover materials return to their life cycle; 3) final treatment for
waste.

Before the refining steps in either mechanical or chemical way, a smashing
process is a quite critical pre-treatment. The smashing process typically cracks
the boards into smal particles, e.g., 1x1 mm or even smaller. The conventional
process for waste PCB treatment is shown in FIG.1. This process generally
includes roughly cutting the bare PCB into 10-20mm size, cooling the cut PCB with
liquid nitrogen, and then performing fine smashing.

With reference to FIG.2, a typical smashing machine is shown. To gain a
finer particle size, a liquid nitrogen spray nozzle is provided at the material entry of
the smashing machine. The boards are cooled and frozen before being loaded into
the smashing chamber. In addition, there could also be another liquid nitrogen
spray nozzle provided in the chamber to cool the cutter and the loaded boards.

There are many disadvanages in the prior art. For example, the cooling effect
cannot be well controlled, and the nitrogen consumption for cooling is generally

_1_
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very high. An additional disassembly step is required for removing the compoents,
which is not healthy. Moreover, a rough cutting step is involved to cut the boards
into intermediate size for further fine smashing.

One of objects of present disclosure is to address the above and other problems

in the prior art.

SUMMARY

In one aspect, present disclosure may generally provide a method of
cryo-smashing waste PCB, comprising: pre-heating the PCB; cooling the
pre-heated PCB; and smashing the cooled PCB.

In another aspect, an apparatus for cryo-smashing waste PCB is also disclosed
herein, comprising: a heater configured to pre-heat one or more PCB; a cooler
coupled to the heater and configured to cool the pre-heated one or more PCB; a

smasher coupled to the cooler and configured to smash the cooled one or more

PCB.

BRIEF DESCRIPTION OF THE DRAWINGS

The benefits, features, and advantages of the present disclosure will become
better understood with regard to the following description and accompanying
drawings, in which:

FIG.1 illustrates the conventional smashing process in prior art;

FIG.2 illustrates the typical smashing machine in prior art;

FIG.3 is a block diagram showing a cryo-smashing process according to an
embodiment of present disclosure;

FIG.4 is a block diagram showing a cryo-smashing apparatus according to an
embodiment of present disclosure;

FIG.S illustrates an embodiment of the cryo-smashing apparatus using liquid
nitrogen bath; and

FIG.6 illustrates another embodiment of the cryo-smashing apparatus using

liquid nitrogen spray.
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DETAILED DESCRIPTION

FIG.3 is a block diagram showing a cryo-smashing process according to an
embodiment of present disclosure. As shown in FIG.3, this smashing process may
include pre-heating the loaded waste PCB, cooling the pre-heated PCB, and
smashing the cooled PCB into required size, such as less than 1xImm.

In an embodiment, the PCB may be pre-heated to a temperature between about
150°C and about 200°C. The pre-heating step could, for example, enhance the
cryo-treatment effect and reduce the adhesion between multiple layers so as to
facilitate the following process. The pre-heating may include electrical heating,
thermal heating and other heating techniques. Present disclosure is not limited in
this aspect.

As shown in FIG.3, the pre-heated PCB may be cooled to a required
temperature, such as between about -50°C and -100°C, and then smashed into
particles of small size. Cooling the pre-heated PCB could be implemented in
various ways including, but not limited to, cooling with coolant, such as liquid
nitrogen and liquid CO,, or mechanical cooling.

The cryo-treatment after pre-heating may, for example, provide a stronger
thermal strike and thus embrittle the PCB. In particular, the strong heat shock
may, for example, create a lot of inter-layer delamination, internal stress and make
the board brittle, which helps on finer particle size after the smashing. In some
embodiments, the temperature gap between the heating and cooling of the PCB may
range from about 200°C to 300°C.

In addition, in some embodiments, under the cooling effect, the liquid
electrolyte in the components on the PCB could be frozen, such as to a temperature
between about -5°C and about -55°C. Thus, unlike the prior art, there is no need
to remove the components, such as capacitor, before the smashing. Moreover, the
process shown in FIG.3 may eliminate the rough cutting step of the PCB before
smashing in the prior art. Therefore, the smashing process disclosed herein may
advantageously simplify the prior art process.

FIG. 4 is a block diagram illustrating a cryo-smashing apparatus 100
according to present disclosure. As shown in FIG.4, the cryo-smashing apparatus

_3_
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100 may includes a heater 110, a cooler 120 coupled to the heater 110 and a
smasher 130 coupled to the cooler 120.

The heater 110 may be configured to pre-heat the waste PCB loaded to the
heater 110. In some embodiments, the PCB could be pre-heated to a temperature
ranging from about 150°C to about 200°C, which could, for example, reduce the
adhesion between multiple layers. In various embodiments, the heater 110 may
include any type of heating devices, such as an electrical heater, a thermal heater
and others. For example, the heater 110 may be a normal heating mesh belt
furnace.

The pre-heated PCB then may be provided from the heater 110 to the cooler
120. The cooler 120 may cool the pre-heated PCB to a required temperature, such
as between about -50°C and -100°C. In various embodiments, the cooler may be
of any suitable form, such as a coolant bath, a coolant nozzle, a cooling compressor
and others. The coolant may be, but not limited to, liquid nitrogen.

The cooled PCB may be conveyed to the smasher 130 which smashes the PCB
into suitable size, such as less than 1xImm. As mentioned above, the
cryo-treatment after pre-heating may, for example, provide a stronger thermal strike
and embrittle the PCB, which helps on finer particle size after the smashing.

FIG.5 illustrates an embodiment of the cryo-smashing apparatus 200 using
liquid nitrogen bath. As shown in Fig.5, waste PCB to be smashed may be loaded
into a pre-heating furnace 210. The pre-heated PCB then may be dropped into a
liquid nitrogen bath 220 via, for example, a belt conveyor. Of course, other
conveyors could be used alternatively. Then, the pre-heated PCB may be
immersed in the liquid nitrogen. The temperature ramp rate of the PCB may be
about 40 to 80°C/min, or even higher. The strong heat shock may make the PCB
brittle. Then, the PCB cooled in the liquid nitrogen bath may be conveyed into a
smashing chamber 230 where the PCB is smashed into particles of fine size, such
as less than 1 x1mm.

To further reduce the temperature, in some embodiments, an additional liquid
nitrogen is provided in the smashing chamber 230 and controlled to spray therein,
as shown in FIG.5. For example, in an embodiment, a thermal sensor is provided
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to monitor the temperature inside the chamber 230, and then the liquid nitrogen
injection rate is controlled.

Fig.6 illustrates another embodiment of the cryo-smashing apparatus 300
using liquid nitrogen spray. As shown, one or more PCB may be conveyed to a
cryo-chamber after pre-heating in the furnace 310. An array of nozzles 320 is
provided in the cryo-chamber, spraying liquid nitrogen to the PCB. In one
embodiment, the spray rate of the liquid nitrogen is controlled. The temperature
ramp rate of the PCB may be about 40 to 80°C/min, or even higher. In such way,
every board may be efficiently cooled to a required temperature, such as between
about -50°C and -100°C. The cooled board then may be dropped into a smashing
chamber 330.

In some embodiments, the cold nitrogen gas may flow into the smashing
chamber 310, and/or additional liquid nitrogen may be controlled to spray in the
smashing chamber 330 to further reduce the temperature if required.

With the liquid nitrogen bath 220 of FIG.5 or the array of liquid nitrogen
spray nozzles 320 of FIG.6, the pre-heated PCB may suffer quick and sufficient
cooling to embrittle the PCB while the usage of liquid nitrogen can be well
controlled in a consumption effective way. Thus, the overall nitrogen
consumption may be significant reduced over prior art.

Although specific embodiments have been illustrated and described herein in
considerable details, it should be appreciated that any other arrangement to achieve
the same purpose may be substituted for the specific embodiments shown. This
disclosure is intended to cover any and all adaptations or variations of various
embodiments. It is to be understood that the above description has been made in
an illustrative, not a restrictive, fashion. Combinations of the above embodiments,
and other embodiments not specifically described herein will be apparent to those
of skill in the art upon reviewing the above description. Thus, those of skill in the
art should appreciate that they can readily use the disclosed conception and specific
embodiments as a basis for designing or modifying other structures without
departing from the spirit and scope of the disclosure as defined by the following

claim(s).
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CLAIMS

1. A method of cryo-smashing waste printed circuit board (PCB), comprising:
pre-heating the PCB;

cooling the pre-heated PCB; and

smashing the cooled PCB.

2. The method of claim 1 wherein the pre-heating comprises pre-heating the
PCB up to about 150-200°C, and/or the cooling comprises cooling the PCB to
about -50°C to -100°C.

3. The method of claim 1 wherein the cooling comprises immersing the

pre-heated PCB in liquid nitrogen.

4. The method of claim 1 wherein the cooling comprises spraying liquid

nitrogen to the pre-heated PCB.

5. The method of claim 4 wherein the spraying liquid nitrogen to the
pre-heated PCB comprising spraying liquid nitrogen to a plurality of pre-heated
PCB with a plurality of nozzles.

6. The method of claim 3 or 4 wherein the cooling temperature ramp rate of

the PCB is about 40 to 80°C/min.

7. The method of claim 1 wherein the temperature gap between the

pre-heating and cooling of the PCB ranges from about 200°C to 300°C.

8. The method of claim 1 wherein the cooling comprises freezing the liquid
electrolyte in components on the PCB to a temperature between about -5°C and

about -55°C.
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9. The method of claim 1 wherein the smashing comprises placing the PCB
into a smashing chamber and controlling the injection rate of liquid nitrogen to

spray in the smashing chamber.

10. The method of claim 1 wherein the smashing comprises smashing the PCB

into particles of size less than 1xImm.

11. An apparatus of cryo-smashing waste printed circuit board (PCB),
comprising:

a heater configured to pre-heat one or more PCB;

a cooler coupled to the heater and configured to cool the pre-heated one or
more PCB; and

a smasher coupled to the cooler and configured to smash the cooled one or

more PCB.

12. The apparatus of claim 11 wherein the heater is configured to pre-heat the
one or more PCB up to about 150-200°C, and/or the cooler is configured to cool the

PCB to about -50°C to -100°C.

13. The apparatus of claim 11 wherein the cooler comprises a liquid nitrogen

bath in which the pre-heated one or more PCB is immersed.

14. The apparatus of claim 11 wherein the cooler comprises an array of

nozzles for spraying liquid nitrogen to the pre-heated one or more PCB.

15. The apparatus of claim 13 or 14 wherein the cooling temperature ramp rate

of the one or more PCB is about 40 to 80°C/min.

16. The apparatus of claim 11 wherein the temperature gap between the
pre-heating and cooling of the one or more PCB ranges from about 200°C to

300°C.
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17. The apparatus of claim 11 wherein the cooler is configured to freeze the
liquid electrolyte in components on the PCB to a temperature between about -5°C

and about -55°C.

18. The apparatus of claim 11 wherein the smasher comprises a smashing
chamber and a liquid nitrogen nozzle for controlling the injection rate of liquid
nitrogen to spray in the smashing chamber when the PCB is placed into the

smashing chamber.

19. The apparatus of claim 11 wherein the smasher is configured to smash the

cooled PCB into size of less than 1x1mm.
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