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57 ABSTRACT 
An electrode for an electrically operable dust collector 
comprises a corrosion-resistant rigid frame, which has a 
relatively small coefficient of expansion, and a flexible 
conductive sheet secured under stress to the frame, and 
including a fiber cloth device, and a flexible material 
device coating the fiber cloth device; one of the devices 
is predominantly conductive, the other of the devices is 
substantially nonconductive. 

14 Claims, 19 Drawing Figures 
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1. 

ELECTRODE FOR AN ELECTRC DUST 
COLLECTOR 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to an improvement in 

an electrode utilized in an electric dust collector, and 
more particularly, it relates to a dust collection elec 
trode which comprises a flexible conductive sheet se 
curely held in a frame. 

2. Description of the Prior Art 
In recent years, an electric dust collector is widely 

employed in the art for removing dust from waste gas in 
factories as an apparatus for preventing air pollution. In 
a conventional wet type electric dust collector treating 
corrosion type gas such as sulfur dioxide below the dew 
point, the electrode is formed by rigid fiberglass rein 
forced plastic (hereinafter abbreviated as F.R.P.) hav 
ing high corrosion resistance. However, the electrode 
made of F.R.P. is easily deformed and distorted, and 
especially under a high temperature around 100 C., it is 
exceedingly deformed. 
On the other hand, the conventional electric dust 

collector has been made large-sized in recent years, and 
therefore a large dust collection electrode has been 
utilized, though, it is difficult to produce a large F.R.P. 
electrode which is not easily deformed. Further, a large 
electrode is awkward to transport and difficult to han 
dle in case of repair and replacing. 

SUMMARY OF THE INVENTION 
It is an object of the present invention to overcome 

the aforementioned disadvantages of the prior art by 
providing an electrode for an electric dust collector, 
which is highly resistant against corrosion type gas and 
shows substantially no deformation or distortion. 

It is another object of the present invention to pro 
vide an electrode for an electric dust collector which 
can be easily manufactured and is easy to transport even 
if large-sized. 

It is still another object of the present invention to 
provide an electrode for an electric dust collector 
which is easy to repair and replace following assembly. 
According to the present invention, there is provided 

a dust collection electrode which comprises a flexible 
conductive sheet secured under stress to a rigid frame of 
predetermined size. The conductive sheet has high me 
chanical strength, and is coated on both major surfaces 
by material highly corrosion-resistant with respect to a 
corrosive gas such as acid alkali. The conductive sheet 
is preferably soft so that it can be rolled, and the sheet 
and/or the coating material is conductive. When the 
sheet is to be made conductive, it is formed by fiber 
cloth (fibrous sheet) which is conductive and has a high 
mechanical strength such as carbon fiber cloth, graphite 
fiber cloth and metal fiber cloth, and is coated on both 
of its surfaces by corrosion-resistive flexible material. 
The carbon fiber cloth is preferably made of acrylic 
fiber treated at a baking temperature of about 1000° C., 
and the specific resistance thereof is about 10-2 to 
10-30 cm, its tensile strength is about 15X105 Kg/cm2, 
its coefficient of elasticity is about 13X 105 Kg/cm2 and 
its thermal expansion coefficient is about 3X 10-6 to 
5X 10-6/°C. The graphite fiber cloth is preferably 
made of acrylic fiber treated at a baking temperature of 
about 2000 C., and the specific resistance thereof is 
10 to 10-5) cm, its tensile strength is about 9X 103 
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2 
Kg/cm2, its coefficient of elasticity is about 25X 105 
Kg/cm2 and its coefficient of linear expansion is about 
17X 10-6/'C. The coating material is prepared by soft 
synthetic resin such as epoxy resin, silicone resin and 
polyvinyl chloride resin, or soft synthetic rubber or 
natural rubber such as nitril butadiene rubber, chloro 
prene and styrene butadiene rubber. In general, the 
specific resistance of a compound of resin and rubber is 
about 106 to 1010) cm. However, when the compound 
is utilized as material for coating carbon fiber cloth or 
graphite fiber cloth, the specific resistance of the entire 
conductive sheet is made about 100 to 10-22 cm. 
On the other hand, when the sheet is made of noncon 

ductive fiber cloth and the coating material is to be 
made conductive, the sheet is formed by nonconductive 
fiber cloth such as glass fiber cloth, synthetic fiber cloth 
or natural fiber cloth such as cotton and jute, and is 
coated by a material containing fine particles of a con 
ductive substance such as carbon black, graphite and 
conductive metal. The coating material may be pre 
pared by fluoric resin or various kinds of rubber. The 
amount of the conductive substance to be contained in 
the coating material is determined so that the coating 
material is made sufficiently conductive, and varies 
with the required specific resistance. If the surface resis 
tance of the conductive sheet is preferably below 1030 
cm, 10 to 40% by weight of the conductive substance is 
to be contained in the coating material. 
The sheet may be prepared by a strong composite 

layer made by the superposition of conductive fiber 
cloth and nonconductive fiber cloth, coated by a mate 
rial containing or not containing a conductive sub 
stance, respectively. Thickness, size and combination of 
the sheet and the coating material can be appropriately 
determined as required. Forming of the coating layer on 
the fiber cloth is conducted by uniformly infiltrating the 
sheet with an unhardened synthetic resin solution or 
unvulcanized rubber mixed with a vulcanizing agent or 
coating the aforementioned material by a calender. 
Then the coating layer formed on the fiber cloth is 
hardened to provide the conductive sheet. Since the 
coating material is prepared by polyvinyl chloride resin, 
or chloroprene, the layer becomes soft and flexible after 
hardening. Further, since the conductive sheet com 
prises fiber cloth and a soft coating layer formed 
thereon, it is so flexible that it can be rolled. 
The rigid frame to which the conductive sheet is 

secured is made of rigid material resistive against corro 
sive gas such as acid alkali and the rate of expansion and 
contraction of which against any temperature change, 
i.e., its coefficient of expansion is small; the material 
may be such as titanium, Hastelloy or F.R.P. having a 
high rigidity. Thus, the electrode according to the pres 
ent invention can be made flat by securing the conduc 
tive sheet to a certain quadrilateral rigid frame. Further, 
the electrode according to the present invention can be 
formed in a suspended manner by mounting rigid bars 
of certain length to the upper and lower portions of the 
conductive sheet formed in certain quadrilateral shape 
and securing the upper bar to the upper portion of the 
sheet, Still further, the electrode according to the pres 
ent invention can be made tubular by forming the rigid 
frame Square or circular in section and spreading the 
conductive sheet on the outer periphery of the rigid 
frame. The tubular electrode thus constructed may be 
made in the suspended manner by mounting quadrilat 
eral or circular rigid members to the upper and the 
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lower portions of the conductive sheet and securing the 
upper rigid bar to the upper portion of the electrode. 
The rigid frame is secured to the conductive sheet by 
placing two rigid frames on both surfaces of the con 
ductive sheet and passing set pins through the frames so 
that the conductive sheet is held between the frames or 
forming in the frame a groove into which the end of the 
conductive sheet is inserted and secured thereto by 
screw bolts. 

In case the sheet is made of carbon fiber cloth, graph 
ite fiber cloth, metal fiber cloth or glass fiber cloth and 
the coating material is made of heat-resisiting resin such 
as silicone resin and fluoric resin, a heat-resisting con 
ductive sheet which can resist high temperature of 
about 20O. C. is formed. 

BRIEF EXPLANATION OF THE DRAWINGS 
FIG. 1 is an illustrative view showing a part of a 

conductive sheet embodying the present invention; 
FIG. 2 is a perspective view of a dust collection elec 

trode utilizing the conductive sheet of FIG. 1; 
FIG. 3 is an enlarged cross sectional view taken along 

lines III-III of FIG. 2; 
FIG. 4 is an illustrative view showing operational 

condition of the electrode; 
FIG. 5 is an illustrative view showing the principal 

part of a second embodiment of the present invention; 
FIG. 6 is an illustrative view showing construction of 

the conductive sheet; 
FIG. 7 is a cross sectional view taken along lines 

VII-VII of FIG. 5; 
FIG. 8 is a cross sectional view taken along lines 

VIII-VIII of FIG. 5; 
FIG. 9 is a fragmentary side elevational view of the 

dust collection electrode; 
FIG. 10 is a cross sectional view taken along lines 

X-X of FIG. 9; 
FIGS. 11 to 13 are illustrative views showing modifi 

cations of means for securing the conductive sheet to 
the upper member of the frame; 
FIG. 14 is an illustrative view showing an embodi 

ment of a vertical bar for preventing vibration of the 
conductive sheet; 
FIGS. 15 and 16 are illustrative views showing means 

for holding the ends of the conductive sheets; 
FIG. 17 is a partially fragmentary perspective view of 

a third embodiment of the present invention; 
FIG. 18 is a partially fragmentary illustrative view 

taken along lines XVII-XVII of FIG. 17, and 
FIG. 19 is a perspective view of another embodiment 

of the present invention. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

Referring now to FIGS. 1 to 4 of the drawings in 
which a first embodiment of the present invention is 
shown, numeral 1 indicates a thin conductive carbon 
fiber cloth of a predetermined size and coated for pro 
tection with a pair of substantially nonconductive coat 
ing layers 2, which are formed by coating the outer 
surfaces of the carbon fiber cloth with unvulcanized 
silicone rubber mixed with a vulcanizing agent and 20% 
of carbon black by means such as a calender and then 
vulcanizing the silicone rubber. The coating layers 2 
may be formed by impregnating the carbon fiber cloth 
1 in unvulcanized silicone rubber. The carbon fiber 
cloth 1 is about 0.5 mm thick and each coating layer 2 is 
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4. 
about 0.05 mm thick, and a conductive sheet 3 thus 
formed is 3000 mm wide by 9000 mm long. 
As shown in FIG. 2, a rigid frame 5 is prepared by a 

pair of upper bars 4, a pair of lower bars 5, two pairs of 
vertical bars 6 and 7 and a pair of reinforcing bars 8 for 
assembling a dust collection electrode. The rigid frame 
F is made of SUS 31.6L which is acid resistant, and 
which has an expansion coefficient of 16.5X 10-6/ C. 
The upper bar 4 is 30 mm wide by 3200 long and 5 mm 
thick, the lower bar is 30 mm wide by 3000 mm long 
and 5 mm thick, and each of the vertical bars 6 and 7 
and the reinforcing bar 8 is 30 mm wide by 9000 mm 
long and 5 mm thick. The conductive sheet 3 is secured 
to the rigid frame F. Namely, the upper and the lower 
short edges, the left and the right long edges and the 
longitudinal center of the conductive sheet 3 are inter 
posed between the upper and the lower bars 4 and 5, the 
vertical bars 6 and 7 and the reinforcing bars 8 respec 
tively so that the conductive sheet 3 is secured within 
the rigid frame F by a plurality of screws 9 to form a 
dust collection electrode 10 for an electrical dust collec 
tor (see FIG. 4). In this electric dust collector, the dust 
collection electrodes 10 are provided at certain inter 
vals to be grounded with plus terminals, and between 
each two adjacent electrodes 10, a plurality of minus 
discharge plates 12 are suspended by weights 13 from a 
lead wire 11 to discharge electricity between the poles. 
The dust collector thus constructed was adapted to 
treat exhaust gas under a temperature of about 100 C., 
of which the principal ingredient was SO2 for about one 
year, without any problem. The following Table shows 
the comparison in properties of the dust collection elec 
trode 10 according to the present invention and a con 
ventional rigid electrode made of F.R.P. before and 
after use for one year: 

TABLE 
deformability specific 

(mm) resistance (0 cm) 
before after before after corrosion 
S. Se: S. St. resistance 

invention 1 2 3 x 10-2 7 x 10 no changes 
observed 

prior art E 10 th:20 2 x 102 4 x 10' partially 
corroded 

The aforementioned F.R.P. electrode is made of 
polyester resin containing carbon fiber therewithin, and 
is 3000 mm wide by 9000 mm long and 3 mm thick. 

It is clearly seen from the Table that the dust collec 
tion electrode 10 according to the present invention 
shows very small changes in deformability and specific 
resistance in comparison with the conventional elec 
trode. 

Attention is now drawn to FIGS. 5 to 16 of the draw 
ings, in which a second embodiment of the present 
invention is shown. A conductive sheet 23 of this em 
bodiment comprises glass cloth 21 made of glassfiber 
and a pair of coating layers 22 formed by coating unvul 
canized rubber mixed with 30% of fine particles of 
graphite by a calender and vulcanizing the same. Nu 
meral 24 indicates an upper bar which has a groove 24A 
to receive the upper portion of the conductive sheet 23. 
The upper portion of the conductive sheet 23 is bent at 
23A along a round bar 25, and a pair of stoppers 26 and 
27 made of material identical with that of the sheet 23 or 
another packing material are applied to both sides of the 
bent portion 23A so that the upper portion of the con 
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ductive sheet 23 is inserted into the groove 24A and 
secured thereto by screws 28. Since the screws 28 do 
not pass through the conductive sheet 23, it can be 
evenly secured to the upper bar 24 without any substan 
tial deformation or distortion. 
Numeral 29 indicates a lower bar having a groove 

29A adapted to receive the lower portion of the con 
ductive sheet 23. Similar to the upper portion, the lower 
portion of the conductive sheet 23 is bent at 23B along 
another round bar 25, and another pair of stoppers 26 
and 27 are applied to both sides of the bent portion 23B 
so that the lower portion of the conductive sheet 23 is. 
inserted into the groove 29A and secured thereto by 
screws 28. In a dust collection electrode 30 of this em 
bodiment, the upper bar 24 is fixed at both ends and the 
lower bar 29 is suspended by its own weight so as to 
strain the surface of the electrode 30. Therefore, when 
the lower bar 29 is not sufficiently heavy, a weight 31 is 

10 

15 

secured to the bottom thereof by the screws 28. When 
the lower bar 29 is preferably heavier, the weight 31 
may be mounted to the outer surface of the lower bar 
29. 
A plurality of vertical bars 32 are provided on both 

surfaces of the conductive sheet 23 for preventing vi 
bration thereof. Each of the vertical bars 32 comprises a 
strip-shaped plate 32A provided in its inner surface with 
a semicircular portion 32B, which is placed with respect 
to the upper and the lower bars 24 and 29 in close 
contact such that the strained condition of the conduc 
tive sheet 23 by virtue of certain load is not affected by 
the same, and thereby prevents vibration of the conduc 
tive sheet 23. M 

Each pair of the vertical bars 32 are secured by bolts 
with interposition of a pair of spacers 33A and 33B, 
though, the lower bar 29 is maintained in a suspended 
condition without having affected thereby. 
The upper and the lower bars 24 and 29, and the 

vertical bars 32 are made of rigid material such as suffi 
ciently conductive F.R.P. or metal, corrosion-resisting 
coated metal and plastic laminate of carbon fiber cloth 
or graphite fiber cloth selected at need. The means for 
securing the upper and the lower bars 24 and 29 to the 
conductive sheet 23 are not limited to those mentioned 
above. Namely, the end of the conductive sheet 23 bent 
along the round bar 25 may be transversely inserted into 
an upper or lower bar 24 having a groove 34A which is 
U-shaped in section and of which ends are tightened 
and secured thereafter as shown in FIG. 11. Or, the end 
of the conductive sheet 23 bent along the round bar 25 
may be held between two separate stoppers 36A and 
36B to be inserted in a groove 35A of an upper U 
shaped bar 35, of which, as viewed in cross section, are 
bent inwardly under pressure as shown in FIG. 12. 
Further, the bent portion of the conductive sheet 23 
may be covered by a protection member. 
The upper and the lower bars are preferably secured 

to the conductive sheet 23 without forming any screw 
holes in the sheet 23 so as to prevent distortion by de 
flection of the conductive sheet 23. FIG. 13 shows the 
U-shaped cross-section of an upper bar 38 into which 
the end of the conductive sheet 13 bent along a rectan 
gular bar 37 is inserted and secured by a screw 28. 
FIG. 14 shows a modification of the vertical bars for 

preventing vibration of the conductive sheet 23, in 
which a pair of strip-shaped plates 32A are bent in 
wardly to be adjacent to both surfaces of the conductive 
sheet 23, thereby simplifying the construction. When 
two or more conductive sheets 23 are connected with 
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6. 
each other, the strip-shaped plates 32A may be utilized 
at the connected portions. Further, as shown in FIGS. 
15 and 16, the ends of the conductive sheets 23 to be 
connected may be held by a strip-shaped plate 39 or 40 
having a pair of grooves 39A or 40A in both sides, 
respectively. 
While the electrodes 10 and 30 of the first and the 

second embodiments are of a flat type comprising the 
rigid frames F and the conductive sheets 3 and 23, a 
third embodiment provides a cylindrical electrode. In 
FIGS. 17 and 18 showing the third embodiment, nu 
neral 41 indicates a rigid frame for forming a cylindri 
cal dust collection electrode 50, which comprises an 
annular upper member 42, an annular lower member 43 
separated in a certain space from the upper member 42, 
a plurality of reinforcing members 44 and a plurality of 
vertical bars 45. Numeral 46 indicates a conductive 
sheet comprising carbon fiber cloth coated by silicone 
rubber, the composition of which is identical with that 
of the conductive sheet 3 of the first embodiment. The 
conductive sheet 46 is stretched along the outer periph 
ery of the rigid frame 41 to form a cylindrical dust 
collection electrode 50. The upper and the lower ends 
of the conductive sheet 46 are inserted in grooves 
formed in the upper and the lower members 42 and 43 
with stoppers 47 and secured thereto by screws 28. 
A fourth embodiment of the electrode is shown in 

FIG. 19. As already disclosed on page 4, lines 3 to 6, a 
strong composite layer 1A is obtained by superimposing 
or combining a conductive fiber cloth, such as carbon 
fiber cloth, graphite fiber cloth, or metal fiber cloth, and 
a substantially non-conductive fiber cloth, such as a 
glass fiber cloth, synthetic fiber cloth, or natural fiber 
cloth. A coating layer 2A of substantially non-conduct 
ing, flexible material, such as rubber or synthetic resin, 
is coated onto each side of the composite layer 1A as a 
coat 2A to form a resultant flexible conductive sheet 
3A. 
As hereinabove described, the dust collection elec 

trode according to the present invention comprises a 
fiber cloth sheet coated by flexible material such as 
synthetic resin strainedly secured under stress to a rigid 
frame which is corrosion resistant and to which the 
expansion coefficient is small. Therefore, it is especially 
suited for dust collection of dust from a corrosion type 
gas with substantially no deformation or distortion of 
the electrode taking place. Further, since the fiber cloth 
and/or the coating material of the sheet is conductive, 
the entire surface of the electrode is made conductive to 
effectively collect dust. 

Since the electrode according to the present inven 
tion is simple is construction, it can be easily made 
large-sized. Further, the electrode according to the 
present invention is convenient in transportation since 
the bulky conductive sheet can be transported sepa 
rately in the form of a roll and easily assembled with the 
rigid frame when required for use. Still further, the 
electrode according to the present invention is easy to 
handle in the case of repair and/or replacement. 
While the invention has been described with refer 

ence to a few preferred embodiments thereof, it is to be 
understood that modifications or variations may be 
easily made without departing from the scope of this 
invention which is defined by the appended claims. 
What is claimed is: 
1. An electrode for an electrically operable dust col 

lector, comprising in combination: 
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a corrosion-resistant rigid frame, having a relatively 
small coefficient of expansion, and 

a flexible predominantly conductive sheet secured 
under stress to said frame, and including fiber cloth 
means having two major sides, and a flexible mate 
rial means including a soft type synthetic resin or 
rubber coating at least one of said sides of said fiber 
cloth means, one of said means being predomi 
nantly conductive, the other of said means being 
substantially nonconductive. 

2. The electrode as defined in claim 1 wherein said 
rigid frame is made of material selected from a group 
consisting of titanium, Hastelloy and fiberglass rein 
forced plastic. 

3. The electrode as defined in claim 1 wherein said 
electrode is in the form of a flat plate. 

4. The electrode as defined in claim 1 wherein said 
electrode is in the form of a cylinder. 

5. The electrode as defined in claim 1, wherein said 
fiber cloth means is the predominantly conductive 
means which includes carbon fiber cloth having a spe 
cific resistance of about 10-2 to 10-3 (2 cm, tensile 
strength of about 15X105 Kg/cm2, a coefficient of elas 
ticity of about 13 x 105 Kg/cm2 and a thermal expansion 
coefficient of about 3X 10-6 to 5X 10-6/ C. 

6. The electrode as defined in claim 1, wherein said 
fiber cloth means is the predominantly conductive 
means which includes graphite fiber cloth having a 
specific resistance of about 10- to 10-5 (2 cm, a tensile 
strength of about 9X 103 Kg/cm2, a coefficient of elas 
ticity of about 25X105 Kg/cm2, and a thermal expan 
sion coefficient of about 17X 10-6/ C. 

7. The electrode as defined in claim 1, wherein said 
fiber cloth means is the substantially nonconductive 
means which is selected from the group consisting of 
glass fiber cloth, synthetic fiber cloth and natural fiber 
cloth. 

8. The electrode as defined in claim 1, wherein said 
flexible material means is the predominantly conductive 
means, and contains a conductive substance, said flexi 
ble sheet being thereby rendered predominantly con 
ductive 
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8 
9. The electrode as defined in claim 8, wherein the 

conductive substance is selected from the group consist 
ing of carbon black, graphite and metal. 

10. The electrode as defined in claim 1, wherein said 
fiber cloth means is the predominantly conductive 
means, said flexible sheet being thereby rendered pre 
dominantly conductive, and further comprising a sub 
stantially nonconductive fiber cloth disposed with an 
inner side thereof on the other and noncoated major 
side of said conductive fiber cloth means, and forming 
together with said conductive fiber cloth means a com 
posite layer, said flexible material means being further 
disposed on an outer side of said nonconductive fiber 
cloth. 

11. The electrode as claimed in claim 24, wherein said 
fiber cloth means is the predominantly conductive 
means, said flexible sheet being thereby rendered pre 
dominantly conductive, and further including noncon 
ductive fiber cloth superimposed on said predominantly 
conductive fiber cloth means. 

12. The electrode as defined in claim 11 wherein said 
conductive fiber cloth means is selected from a group 
consisting of carbon fiber cloth, graphite fiber cloth and 
metal fiber cloth. 

13. The electrode as claimed in claim 1, wherein said 
flexible material means is the substantially nonconduc 
tive means. 

14. A cylindrical electrode for an electrically opera 
ble dust collector, 

comprising in combination: 
a corrosion-resistant rigid frame, having a relatively 

small coefficient of expansion, and made of a mate 
rial selected from a group consisting of titanium, 
Hastelloy and fiberglass reinforced plastic, and 
flexible predominantly conductive sheet secured 
under stress to said frame, and including substan 
tially nonconductive fiber cloth means selected 
from the group consisting of glass fiber cloth, syn 
thetic fiber cloth and natural fiber cloth, and a 
flexible material means coating said fiber cloth 
means, and including a soft type synthetic resin or 
rubber containing at least 10% to about 40% of fine 
particles of a conductive substance by weight. 

sk ck 
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