: Unlted States Patent Speci fi cation K

els et al) discloses a paper which is electrically- conduct|
vittue of its carbonaceous fibres. Such a paper provides inexpensive®
heati ng panels and food warm ng trays. Al though not nentioned 10 in t
patent, the electrical conductivity of*The paper decreases with increased
moi sture content. It is theorised that the noisture causes the paper to
swel |, thus tenbrgrure-ahseistreveaElRcORICAELY LEORMDUCHIVER GaAPSER vV t hrough
t he. carbonaceouds f1bres. 15 lo protect It fromnolsture, a
conductive paper may be encapuslated within an electrically-insulating *
noi sture barrier while keeping the noisture content of the paper at a
controll ed | ow | evalhe Huveaitdlony conebrhsi papét sconsdpiting s a | am nate of
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t he electrléﬁhqﬁﬁconductlve paper and to each other beyond the perineter of
t he pap&, as showurnitddistateSt ahesnEaspatnSpesi:idmawd.orB Ns2B 8534 299 25

(Sato et aIQ it%ee(\iasusé% th td(::. hRELE hsgr%g enm‘#ﬁai y resistant to

wat er - vapour_ transm ssi o anges Ity can eventually
produce ch@b%%tqwacwmmté%oﬁ?emf‘%etﬁé beaperarhnnqet¥®espondi ng
changes i n filsred £CiSUchla papauCproviiies3fnexpensive Atgaitidig to the

present | IMERAED dilPFode® WAL B nI° U BLES " ALBLYGH I Sldote ST

conpr|S|n
10 in the patent. the electrical conductivity of the paper

‘decreases with increased moisture content. It is
theorised that the moisture causes the paper to swell,
thus tending to break the péths of electrical
conductivity through the.carbonaceocus fibres.

'”fi'

15 : To protect 1t from moisture, a conductive paper
may be encapuslated with;n an electrzcally—insulatlng
moisture barrier while keeplng the. m01sture'content of
the paper at a controlled low level. Especially useful
in this respect is a laminate of biaxially-oriented

20 polyethylene terephthalate film and polyethylene film.

¢ The polyethylene faces of two pieces of the laminate
are bonded to the electrically-conductive paper and to
each other beyond the perimeter of the paper, as shown
in United States Patent Specification No. 3 774 299

25 (Sato et al). Because that laminate is only partially
resistant to water-vapour transmission, changes in
ambieht humidity can eventually produce cﬁanges in the
‘moisture content of the paper with corresponding '
changes in its electrical conductivity.

30 According to the present invention there is
provided electrically-conductive paper comprising:

(1) from 2 to 50 parts by weight of wood pulp,




(1) from2 to 50 parts by weight of wood pulp, -2- (2) from50 to 98
parts by weight of water-dispersible synthetic wood pulp (SWP), the <
xonponent.s (1) and (2).totalling 100 parts by weight, and 5 . Qﬁ)

A;%y

‘el'ectrically-cohductive carbonaceous fibres conprising at |east 8(9
wei ght of carbon, said fibres being present in an anount providi ng om 1

t o~ 35% by wei ght of the paper, the SWP/wood pul p weight ratio being at

heast 10 4:1 when the paper is unencapsul atsa& and not nore than 9:1 when
the paper is encapsulated in an envel ope which transmts |ess water than 15
g/ n2/ 24 hours at [err] and 95% relative humdity. The

el ectrically-conductive paper of the 15 invention experiences little change
in electrical conductivity with changes in humdity. Like the paper of the
Filreis patent, the paper§9f he i£vention conprises a mxture of wood pul p

of paper-making grade pl §€7el EEPPi3% 4] &% PATES B¥ ﬂﬁ?ﬁﬁﬁaﬁgous fibres in
an 20 anmobunt of fwadertdiep8tsibletsymtbatgit wolod palpafswP) As di scl osed in
the Filreis pate a s 4 b h ver age
Tength from b 15fg FopAsaoaater g (AN haRaT1TRa Ao BEE LU OO0 o
the invention di Med@Bts 8R3that of 25 the Filreis patent in that it also

conpri ses syntsheti c wood (Pl pel&E) i carheicdridnctioeSEREBOAScethy Wei ght
fibres comprising at least 80% by weight of carbon,
said fibres being present in an amount providing from 1
to 35% by weight of the paper,
'~ "the SWP/wood pulp weight ratio being at least
10 4:1 when the paper is unencapsulated and not more than
9:1 when the'paper'is encapsulated in an envelope which
transmits less water than 15 g/m2/24 hours at 38°C and
95% relative humidity.
The electrically-conductive paper of the
15 invention'experiences little change in electrical
conductivity with changes in humidity. Like the paper
- of the Filreis patent, the paper of the invention
comprises a mixture of wood pulp of paper-making grade
plus electrically-conductive carbonaceous fibres in an
20 amount of from 1 to 35% of the weight of the paper. As
disclosed in the Filreis patent, the carbonaceous
fibres preferably have an average length from 0.15 to
1.1 cm and a tex (g/km) from 0.03 to 0.S.
The paper of the invention differs from that of
25 the Filreis patent in that it also comprises synthetic
wood pulp (SWP); generally the SWP/wood pulp weight
ratio is from 4:1 to 49:1 when the paper is
unencapsulated and from 1l:1 to 9:1 when the paper is
encapsulated in an envelope which transmits less than
30 15 g of water per square metre per 24 hours at 38°C and
95% relative humidity (RH) .
Preferably the SWP/wood pulp weight ratio for
uriencapsulated paper is from 8:1 (below'which its



ratiois from4:1 to 49:1 when the paper is unencapsulated and from1l:1 to

. When the paper is encapsulated in an envel ope which transmts |ess. than
, 6.g of water per square metre per 24 hours at [err] and 95% relative . §
iE Pdity (RH). Preferably the SWP/wood pul p wei ght rati.o for unencapsul ated
. paper is from8:1 (below which its el ectrical conductivity tends to .
decrease with increased humidity) to 25:1 (above which its electrical _;;}
conductivity tends to increase with increased humdity). There is very
little change in electrical conductivity 5 at ratios from12:1 to 20:1.
Preferably the SW/ wood pulp weight ratio is fromb5:3 to 4:1 for paper
encapusl ated in an envel ope which transmts |less water than 15 g/ nR/ 24

hours at 380C and 95% RH. If the barrier transmts water at 10 about 4
g/ n2/ 24 hours under such conditions, the SW/ wood pulp weight ratio is
pr ef er abl yekéoexical3 coidctd viiegre tbndsr eatdegrexde adiafhin fi bres to make

t hem r eadi SE6d i e h ed to Crown
Zel | erbachhé%g%iat ?io‘;r?li%lisﬁ(?)\(l)\%gd&\?agl gﬁé%%%{;%‘egﬁ%%}}fﬁ%g% 787 256, 3

848 027 arftP Y tenGn t2eAPSTBRase ¥LEh cinexeasad humipiity)sever a
conner0|aIT@eadeﬁssuaﬁyex;ﬂiiéﬂ&haEgGOQn €léctrical conduct1v1ty '

5 at ratios from 12:1 to 20:1.
 Preferably the SWP/wood pulp weight ratio is
from 5:3 to 4:1 for paper encapuslated in an énvélbpe
which transmits less water than 15 g/m2/24 hours at
38°C and 95% RH. If the barrier transmits water at
10 about 4 g/m2/24 hours under sudh cond1t10ns. the
SWP/wood pulp weight ratio is preferably about 7:3.
SWP is made by'treating.polYOlefin'fibrés to
make them readily dispersible in water. The following
patents assigned to Crown Zellerbach Corpotation
disclosed various processes: 3 743 570, 3 787 256,
3 848 027 and 3 891 449. Crown Zellerbach currently
sells SWP in several commercial gradeg such as E-400,
E-600, etc. ' |




‘Pr epar &t i on—of--Erectricatty—Condutti¥& Paper "For ease of “manufacturrng an
electrlcally conducti-ve - paper on a commercial scale, a good basis weigh N
s 857g/n2. A typi cal .requirement for specific el ectrical resistance ig.
* ohns per squar€. I'n order to pmke 5 el ectfical |l y-conductive. paper hal
such basis weight and specific electrical resistance on a | aboratory basts,
add 2. 083-g. of SWP (Crown Zel | erbach E-400) to 400-500 nl water and
"dyspersexln a bl ender Puepargkiopeod Ebec@necaﬁﬁgtGondddtGVGQ? exf bl eached
kraft. “sof t wod pul p and e hen add
'0.525 g of carbonaceous §8ﬁe§§£§n%9gmégg?ésgﬁﬁigé é?gg%qgégftlonal
ten seconds. FBUGUERive; BPRRE BR PnF@mEeﬁahélsﬁééﬂennﬁdgppﬂt@ﬁélﬁr@ﬁhmkﬂ3/

partially fillgs s\st@/m\mema 264l sHéGhLrenén a8t Efeblikhict Qiei:wzwaq
Stir by hand with,a 15 co addl e until the_fibers are un

di spersed and IhehsSGRAFH %ﬁez%a?ggs PRENBEB2FRe h3IRdOZAEE: TP oPﬁ§6 on the
fi*xture' s5scr exlectmichllyrncandpapeiver papetr ochavbngdsuan basis weight and

el ectrically- cgﬁg Ei¥e?939€£§cl9 ggggsggﬁéﬁiggpleiag gﬁgggtﬁggt S|é§gtcut

the 20 .dried o recfangl s
press, adher e %.@&ﬁrﬂcﬂﬂwﬁﬁ%récrﬂwnkzﬁbbpeba¢b|E-4m03 cn1ﬁﬂ0wﬁdnhmélsager

~ each of the 8. Qn&rafslgefsesmgaabfeﬂéaet h%eh& A apal g%fﬁ eﬂae&a\«% Thus

there is a 8.9-cmsquare area between t ectrodes. y '25
appl ying a tenfds H1823 5 9 r?}e%ﬁﬁe%.5?%%5u?@fBV°°Q4B“€BOaR¢a°P?Héte the
heat ed- p| algen Wrendenl sorf verssebon&yP EhbﬁrﬁdefOLBstﬁpofoeh%th@&eous
conducti Ve PanEliget® SHOUSE Rl | PAESL ShuadE okl BASRANERLenb IRk KE
30 the conductseeomd@erspunththeadiapenatenqtnpol;ehhnﬂesheet mold
| fixtvre praviously partially filied with water and add
sufficient water to £ill the fixture. - Stir by hand with a
15 comb-like paddle until the fibers are uniformly dispersed
and then drain the water. Remove the hénd-sheet formed on
the fixture's screen and dry in a paper dryer to provide an
electrically-conductive paper. . _
To make test samples of a suitable size, cut the
20 dried sheets into rectangles 8.9 x 11l.4 cm. Using a
'heated—platen press, adhere a §8-micrometers-thick copper
foil, 1.3 cm in width along each of the 8.9~cm edges using
~a conductive thermoplastic gdhesive. Thus there is a
8.9~cm-sguare area between the copper-£foil electrodes. By
25 applying a temperature of 150°~175°C and a pressure of. -
240-690 kPa, the heated~platen press also fuses the SWP
fibers of the SWP-containing conductive papers to produce
an integral, semi-transparent, film-like structure. The
same press conditions are suitable for then encapsulating
30 the conductive papers within a laminate of polyethylene
film and polyethylene ierephthalate film. Such a laminate
may transmit water at about ¢4 g/m2/24 hr. at 38°C and 95%
relative humldity.
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f.il m-and pol yet hyl. ene terepht haI ate film Such a Iam nate may transnit’
at about 4 g/nR2/24 hr. at [err] and 95% relative humdity. .
ed Description. A nunber. of enc‘%psul ated and unencapsul at ed : .

eI ectrical resistance, -k r at ord| nary roqm P

tenperature and 45%1&;%@&' \5% I&wa éuué’d?éi'i theN i pgLd obd O ng 96- hour“"

exposure _to salt _spray The g ercent- changes in resi stance,

aver age8leFEMisy d-ﬁg'@qm’-"(ﬁ P:,aaﬁﬁﬂ HeTe 3R 25,3CFeHeRd in the |
tabl e. iﬁ?veE exlcept at lvaB?;th fi'fatlo‘gﬁflgflf SWEDG:EO -Efdtf& ul o4 Cf"!ﬁ!}]fiel n SWP, t@
m ssi on_of . Enve ctrica ul p err

Reo: st ARGESERege; tested” gonl Snatles Hh Rp AT Blaflediey)) o ) !
70: 30 first by tésting in a2ir at onanM§:M5rd&mnﬁemphrature apiio - ¢
do % g~

4 4 Sa 4|5% gelatzv%%mg:dﬁqw Qrd then edke¥ting followbxsa P& tr’r% .

90: 10 exposure tgosalt spray [ASTM B-4ldn¥ile 7 The papgenmt do

-10. 7 2@hafgeR! n8 resistan?@ 5Qveraged from-a3 1arge number ofl.2 Sanple-9
70: 30 do 39 Sa]zrir)[p e"(él 10 do
-0.78 sﬁﬂBP%eilin 2ach)cage, are Gﬁ@ﬁﬁ%ﬁ%hl able-27 3 Sanple 12
70: 30 do .

1o " Ratio of Water-vapor Trans- $ Change in

SWP to mission of Envelope Electrical
'Wood Pulp (g/m2/24 hr at 38°C) Resistance

Sample 1 50:50 10.9 6.4
Sample 2 70:30 do ' 0.06
15 sample 3 90:10 do ' -2.2
Sample 4 50:50 3.9 4.4
Sample 5 70:30 do 0.14
Sample 6 90:10 do -4.5
Sample 7 100:0 do - =10.7
20 Sample 8 50:50 | 0.3 1.2
Sample 9 70:30 do ' 0.39
Sample 10 . 90:10 do | -0.78
‘Sample 11 50:50 ' Unencapsulated o 27.3
.Sample 12, 70:30 do 4.9
25 sample 13 90:10 do 2.6
"Sample 14 100:0 do -7.4

The electrically-conductive papers of the
foregoing samples consisted only of mixtures of
carbonaceous fibers and either SWP or SWP and wood pulp.

30 Bowever, other materials may be additionally'incorporated
into the novel conductive paper, as is known in the art,
e.g., glass, asbestos or other inorganic fibers, various
polymeric fibers, mica flakes and carbon particles in such
quantities as do not interfere with the attainment of a

[



‘25 Sahpl e 13 90:10- ~-- --- do s e s 2.6 Sanpfe 14 v
100: 0 _: do : ' -7.4 The electrlcally conducti ve gdR

éof t he foreg0|ng sanpl.es con5|sted only of m xtures of carbonaceous
and either SWP or SWP and wood pul p. 30 Howgyer, other naterials nm8 " i
addltlonally incorporated into the novel conductive paper, as.is known in -\
tte art, e.g., glass, asbestos or other inorganic fibers, various polyneric

hebers, qica faakeseandamaébeﬂ Eié&t&he&ll&o&ﬂ@htﬁwa&v1Uﬁ¥rdﬂad¥)ﬂmﬂ
-|nterfere with the att red va ectric

conduct vi ty PePEnaupdviE Banst clrauts SBAbER, LR, BimiaiGi’l B dhearape
By the sane tokekenth&heonevedordnductévpapepemranalye benimpyegnated twith

nonconduct i ve ﬁ@ﬁéé‘édéé:‘&f‘vé‘%@??ﬁg' g&cangsegaéxom' dfia> epolly) PaSQ3 afford

added strength and 1ntegrit Interf
unchangi ng> eIeﬂb%FBaFaéoﬁéﬁeFﬁvF§9eév§Fr?ﬁ§thuﬁndaﬂééaﬂfhiﬁmﬂéﬁQQMﬁ the

novel COﬂdUCtlﬂﬁtéﬁ&@%1n§bvﬁiﬁrthéodégﬁrédtQﬂ&hhhé&n§U@heckﬁﬁk§ﬂﬂat'ng is a
barrier to water % gg g Bropgg g S¥P t 0", W00 éfjé@;hOU|q be
adj usted as i ng?PR 183 tY nQVAEL PeSB} e&rFBr & Bisms nove
experimental usenductive papet:i CHOWgverondocthecepapat ahathauchvention is
to heat |iquid, pkay r u ut I.spl a
rebat 15 The iRYELAELEREPLEY S MILEReR! S0l REReR UBEES, chel iRBH LR
Si nce hlgh%9 p$%pot¢|@m@dopuEwFBhouhdouepaapuaaaé Bet tlod icadiesd hqemhg i t
i's preferred foLe3Ur8pdeeedN8br the examples.
2An experimental use for the electrically—'
conductive paper of the invention is to heat liquid crystal
displays which are useé ou+doors. If those diszlays zre to
~ 15 be back-lighted, the paper should be reasonably

translucent. Since higher proportions of SWP to wood pulp

have better translucency, it is preferred for such use that

the SWP/wood pulp ratic be at least 2:1.
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od pulp, (2) fromb50 to 98 parts by vvei_ghu,mmm '
tic wood pulp (SWP), 5 the conponents (1)1 mm

, and (3) electrically-conductive carbondcedusnfi

east 80% by wei ght of carbon, saigd, fibres being present in

-

the SWP/wood pul p ratio be af | east 2: 1. Z_CLALN§L_%;-5ﬁ‘ﬁaFLS .
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providing from1 10 to 35% by wei ght of the paper, the SWP/wood pul p weig
ratio being at |east 4.1 when the paper is unencapsul ated and not nore'than

9: 1 when the paper

I s encapsul ated in an envel ope which transmts |ess

wat er t hanCLAIMSa?/ 24 hours at 380C and 15 95% relative humdity. 2.

El ectrical l y-conductive paper as clainmed in Claim1,

h

in which the SWP/ wood

pulp weight ratiois from4:1 to 49:1 when the paper is unencapsul ated and
20 from 1: -t o 9: 1ELPRIF iRl l¥nrondustiveapanest eempri &dnenvel ope which
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and 1 n / WoOod P

8:1 to 25:¥ater-dispexgikke isymtherdenwaedi pelpapBPles clained in -
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10

15

the components (1) and (2) totalling 100 parts by
weight, and _ o
- (3) electrically-conductive carbonaceous
fibres comprising at least 80% by weight of carbon,
said fibres being present in an amount providing from 1
to 35% by weight of the paper,

the SWP/wood pulp weight ratio being at least
4:1 when the pépe:'is unenéapsulatea and not'more’than

9:1 when the paper is encapsulated in an envelope which

transmits less water than 15 g/m2/24 hours at 38°C and
95% relative humidity.

2. ElectricalLy—conductive paper as claimed in
Claim 1, in which the SWP/wood pulp weight ratio is

- from 4:1 to 49:1 when the paper is unencapsulated and

20

25

30

from 1:1 to 9:1 when the paper is encapsulated in an
envelope which transmits less water than 15 g/m2/24
hours at 389C and 95% relative humidity.

3. Electrically-conductive paper as claimed in
Claim 2, which is unencapsulated and in which the
SWP/wood pulp weight ratio is from 8:1 to 25:1.

4. Electrically-conductive paper as claimed in
Claim 3, in which the SWP/wood pulp weight ratio is
from 12:1 to 20:1. . : - '

5. Electrically-conductive paper as claimed in
Claim 2, which is encapsulated within an envelope which

weight ratio is from



‘daim3, in which the SWP/ wood pul p wei ght ratlo |s 30 fr "1 to :
-5. El ectrical | y-conductive paper as clal ﬂmﬂnih |ch |s

Lencapsulated Wi thin an envel ope which 8 tr t han 15
" "g/ n2/ 24 hours - at 380C and 95%rel ative hunld}ty and i'n whi ch the SWP/ wood
pul p weight ratiois from5:3 to 4:1. 5 6. - El'ectrical | y-conducti ve
_ggger as clainmed in aimb5, in which said envel ope transnts water at

ut 4 g/ n2/24 hours at 380C and 9596re|at|v§)hun1d|ty and t he SWP/ wood
pul p weight ratio is about 7:3. 10 7 ctrically-conductive paper as
claimed in daim5 or daimé6, .in which the envelope is provided by two
_pi eces of laminate of biaxially-oriented polyethylene terephthalate film
and. pol yethyl ene film the polyethylene | ayers being fused to the paper and
to 15 each ot her beyond the edges of the paper. 8.

El ectrical | y- condurdrisse taalessanaekani tRani 15 G ANk nouzisaati abby asdaherein
described. 20 25 gk ;e1ative humidity and in which the SWP/wood pulp
' weight ratio is from 5:3 to 4:1.

5 6. Electrically-conductive paper as claimed in
Claim 5, in which said envelope transmits water at
about 4 g/m2/24 hours at 38°C and 95% relative humidity
and the SWP/wood pulp weight ratio is about 7:3.

10 7. Electrically-conductive paper as claimed in
Claim 5 or Claim 6, in which the envelope is provided
by two pieces of laminate of biaxially-oriented
polyethylene terephthalate film and polyethylene £ilm,
the polyethylene layers being fused to the paper and to

15 each other beyond the edges of the paper.

8. Electrically-conductive paper as claimed in
Claim 1 substantially as herein described.

20

25

30



