WO 96/ 23927 B 56 4705654 -3

PR( D_El BERS ound of
the Invention 5 This inventi ong s‘%o aXpt oceﬁqufpog l:opy
ef¥icient, bat chwi se, electroless netal pl 0 An ani '.‘;-1;; bers

wherein the is strongly adhered to the arl 'd f‘% J:5ér”}:fbstrate and
provi des a hi Tconductlve'“& AL PROFERTIHORAMVIZY NN of .t NP1 or Art

El ec fil=m b |nteract|on of

o s at[ ro'ﬁfﬁlﬂaﬁﬁéﬁ% 'Eﬂ!é [ tkﬂ(iﬂl Q gqi‘gﬂmﬁtgil

El ec{ 59| lnteynatiopal-Patent Classifieption S :  gendr al | e ynterhaBondiFh We Ofm 7
di f f { culDO6ME11/83, DOGQ a4 evi ng sucdeaBjul el ectrol ess pI ating has resided i
obt afning good adhesion between_t He p| @Pitmationfublisation 8 Augy 1996 (98.08:36)
met a il Iatlonrra ufflcefor 20 sorrea | cat1ons and
some| 8Pt :lh'c'T"eii“s""ni “5@3@% f W%ﬂqg’ % (A Fl’,ﬁe
sur f h32) ntinestanel Féing Dute: zzllaaiagd sedoat i ngy. must ura eho

wi t hgtand t he forces of furth prdcessi ng and end use stresses.

Uni t
pr oc

prepf{ ating treatnent using 8 to 9(¢ vvmghtm regpiration efpheciprel Somis Yok boiehding the

acid

R

HSPOPERATY

Pdo) Phicinamalat ent No. 5, 302,415, isqyggaapri! 25 12, 1994, discloses a
bSS meng e3oambanyCibe3 g spt edus aIBRindkrnddddhal Rar@Seplyy MeANS Of a

Ol)Appllun:.E.l DU PoNE-DE kb ﬁ&ﬁéomrt NO . teng m”b’"”""" thejevent of the receipt of
1,lomw¢cs DB 19808 (ds).- KB—391"83" di scl oses a 30 process

for sur sing niftric acid or chl or osul foni ¢ or
fluo osu ?isnelrah Ea f"iffém'% tireat ment material s.

Uni t d St at es Patent , 042,737 disql oses a process for the

pr od s 0 Colbe e P o a& conti nuous filament yarns suitable
for nakingmueeg ) 'By' nitting the yarn, depositing a netal
coatj ng on '

(54) Title: PROCESS FOR BATCH-PLATING ARAMID FIBERS
(57) Abstract

Apmmslsdncloudforbuchwiumetalphﬁngmmidﬂbmwherehtheﬁbenmhmedimonmbe lated, dekn
into a tube, and plated again; and wherein the plating is durable and highly conductive. d e, roknied

-



the yarn, and then deknitting the yarn. There is indication that, while
the_coating is_not_uniformalong the |length of WD 96/ 23927

2. PCT/ US96/ 00756 the yarn, it is adequately
canductive to supply antistatic qualities for the purposes intended
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achieving successful electroless plating has resided in

obtaining good adhesion between the plating substrate and
the plated metal. While mere encapsulation may suffice for
20 some applications and some articles, good adhesion of the
plated metal is essential for fiber surfaces because the
plated metal coating must be durable enough to withstand the
forces of further processing and end use stresses.
United States Patent No. 5,302,415, issued April
‘25 12, 1994, discloses a process for making electroless plated
aramid surfaces by means of a preplating treatment using 80
to 90 weight percent adqueocus sulfuric acid.
United States Patent No. , issued
, 1995, (USSN 08/261,074 - KB-3910) discloses a
30 process for plating aramid surfaces by using nitric acid or
chlorosulfonic or fluorosulfonic acid as preplating
treatment materials.
United States Patent No. 4,042,737 discloses a
process for the production of crimped, metal coated
35 continuocus filament yarns suitable for making antistatic
fabrics by knitting the yarn, depositing a metal coating on
the yarn, and then deknitting the yarn. There is indication
that, while the coating is not uniform along the length of




35 fiber processing, is the knit-deknit process. It has been known to

treat fibers in a_batchw se manner by | oosely knitting the fibers into
a.tube before the treatnent. After the treatnment, the tube can be
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survive a secondfak¢tﬁdrﬁﬁﬁﬂﬂﬂﬁ4nﬁ theuplaked fikarfydapto a loose cube of
materials with the unplated fiber crossover points now

exposed, and plating the aramid fibers of the reknitted

20 tube, whereby, without additional acid immersion and without
additional contact with the sensitizing solution, metal is
evenly plated onto the entire surface of the aramid fibers.
The acid treatment liquid can be selected from the group
consisting of; 83 to 90% aqueous sulfuric acid, 86 to 91%

25 aqueous nitric acid, 1 to 5% chlorosulfonic acid in an
organic liquid, and 1 to 5% fluorosulfonic acid in an
organic liquid and the treatment can be conducted for 2 to
60 seconds at a temperature in the range from 10 to 100°C.

30 Detailed Description of the Invention
There has long been a need for an efficient,
batchwise, process to make conductive aramid fibers which
have durable metallic coatings.
One process which suggests itself for batchwise
3s fiber processing, is the knit-deknit process. It has been
known to treat fibers in a batchwise manner by loosely
knitting the fibers into a.tube before the treatment. After
the treatment, the tube can be deknitted and the fibers can



beyond utility. Additionally, it seened |likely that a second acid
treatnent woul d renpve the previous netal coating from the first
plating cycle. Mdrreover, it seened evident that a 35 second contact with
the sensitizing solution would be necessary and, even if a second

plating did coat the bare areas, it uld al so coat ;ﬁg
previ ous|YOB#2P¥%Y ar eas, thus resul®ing in an uneven RPSIChati ng.
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Technol ogy, tNel 88€a2. Section 20 titled Fiber-Form ng. Aromati c Pol yam des,

e, " also, ai scl JAR i tReC kBt Sdakate et u bagsaad™ ¢ 1101 S

3,819,587; 8ib€s, nﬂﬁﬂlihgkﬁthﬁfé 1analﬁa994aspdrtlon of the fibemgdi ti ves can
be used; i t i Bg @éaiqéﬂc@éyhmé% Fém@%ﬁaéﬂﬂé}ﬂ:é halinig kdigeeuch as 10

percent, by wel nmeric material can l.ended with the

o 0 or  SEERFENTe o FRGFERAFS, S1DBE HERRSONRY BPARES WhTTS; A94AGERE ent  of
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other from direct exposure to outside influences. For
example, such shielding effectively eliminates a part of the
20 fibers in a knitted stxructure from electroless metal
plating: Knitted aramid fibers subjected to an electroless
plating processing may be very well coated by metal on
fibers which are exposed and directly accessible but will be
coated little if any at fiber crossover points. When such
25 aramid fibers are deknitted, they dc not exhibit electrical
continuity and their appearance is that of a partially
coated material. The inventor herein conceived that such
aramid fibers could be reknitted and plated a second time to
coat the fiber surfaces which were missed in the first
30 plating; but it seemed clear that the aramid fibers could
not survive a second acid immersion without being damaged
beyond utility. Additionally, it seemed likely that a second
acid treatment would remove the previous metal coating from
the first plating cycle. Moreover, it seemed evident that a
35 second contact with the sensitizing solution would be
necessary and, even if a second plating did coat the bare
areas, it would also coat the previously-plated areas, thus
resulting in an uneven metal coating.




as nmuch as 10 percent of other diacid chloride substituted 30 for the
diacid chloride of the aramid_ As a special case, it has been found
that up to as nmuch as 30 percent, by wei ght, of polyvinyl pyrrolidone
can be included with pol y(p- phenyl ene terephthalamde) in aramd fibers
to be pl ated by the process of this invention. 35

Par a- ar am ds ‘X?E"Pﬁg primary polynmers i rz fibers of this ll’%r\%sn | o'ﬁ"5 and
pol y(p- phenyl ene terepht hal am de) (PPD-T) is the preferred para-aramd.
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2, 6- napht hat®y| the seqqy Téiﬁ?%ﬂ'aﬁﬁﬁﬁro- or dichl orot erepht hal oyl chl ori de;
15 provided, only that tThistimentionaprevides s aranessafomtic di acid
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e P58, i, A4 AP R0l (LAY Bersaelinal )
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di am ne and i sopbt hef e cinidle de CORNH- Rl Sinkages amolagtackededikectlly ftom
| ncor porati on Oéwérggéméggg“yfhéy. Suitable aramid fibers are described in
Man-Made Fibers - Science and Technology, Volume 2, Section
20 titled Fiber-Forming -Aromatic Polyaﬁides, page 297, W. Black
et al., Interscience Publishers, 1968. Aramid fibers are,
also, disclosed in U.S. Patents 4,172,938; 3,869,429;
3,819,587; 3,673,143; 3,354,127; and 3,094,511.
Additives can be used with the aramid and it has
25 been found that up to as much as 10 percent, by weight, of
other polymeric material can be blended with the aramid or
that copolymers can be used having as much as 10 percent of
other diamine substituted for the diamine of the aramid or
as much as 10 percent of other diacid chloride substituted
30 for the diacid chloride of the aramid. As a special case,
it has been found that up to as much as 30 percent, by
weight, of polyvinyl pyrrolidone can be included with
poly (p-phenylene terephthalamide) in aramid fibers to be
plated by the process of this invention.
3s Para-aramids are the primary polymers in fibers of
this invention and poly(p-phenylene terephthalamide) (PPD-T)
is the preferred para-aramid. By PPD-T is meant the
homopolymer resuiting from mole-for-mole polymerization of



ot her diam nes with the m phenyl ene di am ne and of small amount s of
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rul e, other diamnes and other 30 diacid chlorides can be used in anounts
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at least 2 grepatation ofV ahiS6OFéEic BHIS dopeki. MTePripatst fibd (o€ Win-T
ultimately, 3 processes for spinning fibers from the PPD-T are
described in United States Patents No. 3,869,429; 4,308,374;
20 and 4,698,414.
Meta-aramids may, alsoc, be used in the fibers of
this invention and poly(m-phenylene isophthalamide) (MPD-I)
is the preferred meta-aramid. By MPD-I is meant the
homopolymer resulting from mole-for-mole polymerization of
25 m-phenylene diamine and isophthaloyl chloride'and, also,
copolymers resulting from incorporation of small amounts of
other diamines with the m-phenylene diamine and of small
amounts of other diacid chlorides with the isophthaloyl
chloride.. As a general rule, other diamines and other
30 diacid chlorides can be used in amounts up to as much as
about 10 mole percent of the m-phenylene diamine or the
isophthaloyl chloride, or perhaps slightly higher, provided
only that the other diamines and diacid chlorides have no
reactive groups which interfere with the polymérization
35 reaction. MPD-I, alsc, means copolymers resulting from
incorporation of other aromatic diamines and other aromatic
diacid chlorides, provided, only that the other aromatic
diamines and aromatic diacid chlorides be present in amounts



achi eve satisfactory depth of treatnment. Longer exposure 25 sonetines
produces excessive cracki-ngof the filanments and causes partial |oss of
tensile properties. As a general rule, soaking fibers in the acid for
mare than 60 seconds, even at noderate tenperatures, results in
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the lower temperature limit is a matter of practicality;--
lower temperatures requiring unacceptably long times for
20 adequate treatmwent.

The fibers, which can be of any desired thickness,
are contacted with the acid solution for at least 2 seconds.
With shorter exposure times it is difficult, ultimately, to
achieve satisfactory depth of treatment. Longer exposure

25 sometimes produces excessive cracking of the filaments and
causes partial loss of tensile properties. As a general
rule, soaking fibers in the acid for more than 60 seconds,
even at moderate temperatures, results in degradation of the
fibers. The preferred contact time is about 15-30 seconds.

30 Exposure time to the acid can be reduced by increasing the
temperature and/or increasing the acid concentration.
Effective treatment of the fibers for practice of this
invention requires a reasonable combination of acid
concentration, temperature and soaking time. The treatment

35 acid solutions are 83 to 90% aqueous sulfuric acid, 86 to
91% aqueocus nitric acid, 1 to S% chlorosulfonic acid in an
organic liquid, and 1 to 5% fluorosulfonic acid in an
organic liquid. Organic liquids eligible for use herein



acid in the tube form such is not necessary. The aram d fibers can, if
desired, be contacted with the acid and _washed before being knitted
into tubes. The order of those 25 steps is not critically inportant to the

practice of this i nventi on. The washed fibers are then
contacted with a sensitizing solutigon; and the sensi %Iﬁ% Ms are
plated. WOE2An exanpl e of a copper ‘plating process, é’% u¥ 30
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and the |ikas sodium bicarbonate solution which can be added to the

wash water or used in a separate step. It is, also,

possible to dry the acid-treated fibers prior to the plating

step.

20 While it is preferred that the aramid fibers to be
plated are knitted into tubes prior to being contacted with
acid in the tube form, such is not necessary. The aramid
fibers can, if desired, be contacted with the acid and
washed before being knitted into tubes. The order of those

25 steps is not critically important to the practice of this
invention. '

The washed fibers are then contacted with a
sensitizing solution; and the sensitized fibers are plated.
For an example of a copper plating process, an aqueous

30 sensitizing solution, sometimes known as an activation bath,
is prepared using palladium and tin cations as activation
catalyst. The acid-immersed and washed aramid fibers to be
plated are contacted with the sensitizing sclution which is
agitated to promote activation of the fiber surfaces. The

3s fibers are, then, removed from the activation bath and
rinsed and may, if desired, be transferred to an accelerator
bath of dilute mineral acid.



20 Al'l of the above steps can be conducted with the vari ous

baths_at temperatures of _10 to 60[err]C, and preferably 20-40[err]C.
For an exanple of a silver plating process, the aci d-i mrersed aram d
fibers are first contacted by an 25 aqueous sensitizing solution, sonetines

known as a r E'Q% agent solution su as Snd [e”]/HGrcﬁ?s‘ésmmss

Snd [err]-coﬁ‘?gg e 27 fibers are ri nsedC%]mth wat er extensively to renove
excess stannous ions and are then transferred to an agueous bath to
which is added a netal corpéegibarditaren chbnsplaesed nin, are condaedednmoni a at
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agents. Among the eligible reducing agents are
hypophosphite, hydrazine, boron hydride, and the like.

20 All of the above steps can be conducted with the
various baths at temperatures of 10 to 60°C, and preferably
20-40°C.

For an example of a silver plating process, the
acid-immersed aramid fibers are first contacted by an

25 aqueous sensitizing solution, sometimes known as a reducing
agent solution such as SnCljy/HC1. The SnCly-contacted
fibers are rinsed with water extensively to remove excess
stannous ions and are then transferred to an agqueous bath to
which is added a metal complex solution of silver nitrate

30 and ammonia at a bath pH of 8-9.5. During plating in the
metal compléi bath, the bath is agitated to ensure that
imbibed stannous ions reduce silver ions to silver metal on
the aramid surface. Formaldehyde is added to the metal
complex solution as a reducing agent and silver ions

35 preferentially deposit on the silver-activated aramid
surfaces. 1In a typical process, the molar ratio of
formaldehyde/silver is from 1.1/1 to 2/1. The amount of
silver nitrate is adjusted to provide the desired weight of



unpl ated | ocati ons-represent points where fibers crossed over one
another in the knitted structure and were, 20 therefore, inaccessible to

the plating forces. Once deknitted, the fibers are knitted, again, into
a.l oose tube and are plated to cover the unplated fiber |ocations.

This final plating can, quite surprisingly, be accompli.s L1 hout

ei t her anM‘fﬂﬂ”%i d treatnment or 25 addtional contact V\A'Ptq"ﬁ%g" sitizing
sol ution; and, when plated in that manner, the plating is adherent to
the PreYbatSLy SRV Gfb d BRincRilnl Sf UBhL OFbéY HaddidaloRel eof the
fiber fromrtirst-plated t secgg?-pla%eg areas. . _he plating
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However ,5 t hehej redicingselyitiosc ofs skppeans QP fUr FivarePL85iBE) ver of
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80[err]C, prefer t0 .20 . jg%ﬁﬁ o0 be silver

pl ated are ?‘ﬁ‘%‘f%é(ea}teatjussr?oéc)ié?’atngéLgo%%yn%é]é?ﬁ@eﬁ‘% re a;t):%ears to be

| ess sil verpreferential metal depggition7onto the desired surfaces.
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undried fibers,,and there appears_to,be better conjinuity of. _.. silver
coatin91Qha§£?slfkﬁﬂqiﬂuPﬁm' qQ'bBﬁgtaﬁigﬁ the 7°°nt5%F§ﬂp§F§FﬁPes.

Test Met hodwith a Froper cximbRaastioanof sensitizing solltdon;i relucépgst ance
of plated f;é]wrgo(?bdeﬁo&eag%ﬁ% ] ?ﬁgl %%a%‘gﬁgimrﬁy 173A el ectroneter and

: ¥t
Clips. The two ol | ps MCETPIAEABE EBe FRivted ames oF avamsgnEiReE. one.
centi meter epartubelhiss aar@fully dekhiitted and then reknitted into a

15 similar tube. Visual inspection of the deknitted, once-
plated, fibers reveals that there are small but regular
locations on the fibers which have not been plated. Those
unplated locationé-represent_points where fibers crossed
over one another in the knitted structure and were,

20 therefore, inaccessible to the plating forces. Once
deknitted, the fibers are knitted, again, into a loose tube
and are plated to cover the unplated fiber locations.

This final plating can, quite surprisingly, be
accomplishéd without either another acid treatment or

25 additional contact with the sensitizing solution; and, when
plated in that - manner, the plating is adherent to the
previcusly unplated fiber and is uniform over the length of
the fiber from first-plated to second-plated areas.

The plating processes can be conducted on acid-

30 immersed fibers which have been dried or which remain wet
from washing of the acid-immersing step. In the case of
copper plating, the plating quality appears to be relatively
unaffected by drying the fibers after such washing.

However, the silver plating process appears to yield plated

35 silver of the lowest resistance when the fibers, first, are
dried at about 15 to 80°C, preferably at 15 to 20°C. When
the fibers to be silver plated are first dried at moderate
temperature, there appears to be less sgilver metal




probe is connected to the electroneter for determnation of resi st ance.
The resistance reading is corrected for 15 resistance of the probes and is

reported as ohns per centineter. El ectrical resistance of
a plated yarn is determ ned by wapping alum numfoil around the yarn
at poi nts about 30 centineters (12 in I‘ges) apart and attaching 20 net al
cl anps on t heWPHA3NT t he i nner ends of tﬂe al um num f oi PCHVE . The
el ectrical resistance along the yarn S determi ned using a Keithley

173A el ectronet & eﬁgﬂa%gbfﬁt tf'ziﬂle%ttr%cﬁ:ﬁ CLM Jﬂ:es LAYt ance
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to the yarn unt|I here . [s_no further change in resi stance ("tension").
30 eﬂ%?%?gﬁf?‘gh of the Preferred Enbodi nents

Aramd fiber8 to be plated were imersed in 87.5 wei ght per cent

sul furic acid for 30 seconds at a tenpepgitgathod Of about 25[err]C and

t hen i mredi atelﬁ vvazhgd ggh [egeat ed 35 changes of water until the acid
was renoved fro aramd fibers were in a yarn of 444
dtex (400 denier) wi t Bl@ctriktalx yemistaneecof plRatéd cﬁdlamemm ifsi | anent)

d f Sy th
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Corrpanyk The vva%:bﬁida;taral!\ps t e lﬁwd'fcﬂdpsnhﬂeaatmd to thenEid aWetie!
LK-600 knitter, rgia.
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centimeter.

Electrical resistance of a plated yarn is
determined by wrapping aluminum foil around the yarn at
points about 30 centimeters (12 inches) apart and attaching

20 metal clamps on the yarn at the inner ends of the aluminum
foil wrapping. The electrical resistance along the yarn is
determined using a Keithley 173A electrometer with probes
attached to the clamps. The resistance reading is corrected
for resistance of the clamps and is reported as chms per 30

25 centimeters. Two readings are made. One in which the yarn
is under no tension ("static®) -and another in which tension
is applied to the yarn until there is no further change in
resistance ("tension").

30 Description of the Prefarred Embodiments
Exanpples 1 and 2 and Comparative Examples 1 and 2,

Aramid fibers to be plated were immersed in 87.5
weight percent sulfuric acid for 30 seconds at a temperature
of about 25°C and then immediately washed with repeated

35 changes of water until the acid was removed from the fibers.
The aramid fibers were in a yarn of 444 dtex (400 denier)
with 2.5 dtex per filament (2.25 denier per filament) wmade
from poly(p-phenylene terephthalamide), and sold under the



per meter around the tubing axis. 10 The tubing was cut into

four small er tubes for further processing and wei ghed for future
reference. Al of the tubes were contacted with a sensitizing solution
faor copper plating. The sensitizing solution was nade using 1700
wei ght parts water, 540 wei ght parts off fataprep[err] 404 0 wei ght
parts of &?m"t[err] 44. Cataprep 404 is a tradena?@@%’gﬂ%gtion of
Shi pl ey Co., 2300 Washi ngton St. Newt on, MA, USA for a solution of 15.

vei ﬁht pgr cwamﬂtwugsiggﬁwﬁgtgaﬁw &ﬁt[ ﬂit igea&ep&?mbemaﬁre
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the tubes o b\g?sﬁaéég pe%% “te ft:h%rrgrm ng?é%esrﬁuftnc%esc(?pegermeﬂdgtl ng

sol uti on at 3engr the trbing axis tar%é'aé-ﬁécPFFeH mymkere of wiikchasecause
the conpari pesr meterUleoun@rthé tuling akdg.in only ore step i nstead of two,

t he onparison tu | t ubes
to be pl gt ed in accorggéc%ﬁgﬁ?*q%%% ig"ﬁ?l g%ﬁ?ﬁ;\ﬁaif&g tﬁ%e Fat | ng
sol uti on wafurhherupregessimng mdgmeﬁgémeﬂs for future mmqy}t p‘drlt ofof
G rcuposi t [ ghe] t8BesMrePd d&iﬁ&ted wikd S s@hs{tifimy Sédl[nﬁ-.rirdn ¥&20A, and

r M i
T e
WO 96/ 239271700 weight parts water_l,z 540 weight parts oﬂb@ﬁdwonm.
dad 5 er. t water-
sﬁrﬁz;hgzzégeg@d;z@@ﬁg}%f@%m frlsercyis, aliet seugen, |
desi gnat i on*5RASHRE éeﬁign? | BYofo- . 239”\“3%?%?
f or mal dehydngwteny\emghtumrmm eolptionSof sib fweight3 pexicginit peddant
hydrochl ori g; 861 fat@"sh$Ba'Rieignt percent water and nonhazardous
ingredients; and Cataposit® 44 is a trademark designation of
20 Shipley Co. for a solution of 10 weight percent hydrochloric
acid, 22 weigﬁt percent stannous chloride, less than 1
weight percent palladium, and 68 weight percent water and .
nonhazardous ingredients. Contact with the sensitizing
solution was maintained for 10 minutes at 40°C during which
25 time the solution and the tubes were agitated. After
removal from the sensitizing solution, the tubes were washed
with water three times for five minutes.
All of the tubes of fibers were plated by
immersing them in a copper plating solution at 40°C and for
30 times specified in Table 1 below. Because the comparison
tubes were to be plated in only one step instead of two, the
comparison tubes were immersed for twice as long as the
tubes to be plated in accordance with this invention. The
copper plating solution was made using 1476 weight parts
35 water, 240 weight parts of Circuposit® 3350M, 84 weight
parts of Circuposit® 3350A, and 200 weight parts of
Circuposit® 3350B. Circuposit® 3350M is a trademark
designation of Shipley Co. for a solution of 25 weight



percent water and nonhazardous materials; and Circuposit[err] 1 3350B is
a trademark designation of Shipley Co. for a ._. solution of 5 weight
per cent sodi um hydroxi de, and 95 wei ght percent water and nonhazardous
maeterials. After imersion 10 in the copper plating solution for the

prescribed tiwWveaid t ubes were thorou y washed w thpag g@?ﬂ
changes of water, ¥ dried, and weighed to determ ne the wel g’E copper

pl at ed to the fibers of each tube. The wei ght of plated copper is
shown in Tabl e peréént ethylenediBidineubesraaceeidlfdiell dna t78ewBighess of

ne
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i mrersed in a ceppeent waternandgnovphazapdows ttatditadsre andnPbscuposit® was
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wih o senei 1 HESNG ErioRcobioft astfl Pbselhve ot iy
the total wy ghin chhéQ:Riﬁfe o§1a9';l.ﬁ§e oiﬁ‘tﬂ}? f%ﬁb‘?:rh% Q%ESE?E%é&b@imeJ N&he

wei ght of the p | STshown 1 n

deknitted and Qshé"q’ziﬂ I PugblyyYashedwith\severad cbarges of gratam ndup
machi ne. dried, andf waeighkd toraétqai-mnmg,heaknblghtt be topses dlattetd

noticeabl e, nargOW N4l b%g.gl %I g it acgﬂ?er e:.g?ﬁ:k anﬁgé%?dacam Xesrgﬁvf\ﬁrth

the shiny copper color on the f|
origi nated as SR @ Tabde %urface shi el ded from exposure by yarn

cro/ssstg)\é/eggl%g the knittiThe tubes to bé/@l%ﬁia%%}?t?tel Flrc_:geC??VQf ftlhl]])a.%
EgIsPtlzatlon déspFFi%%h%%% §e¥ﬁ9€t¥§éﬁ} y aPPEﬁ uid onts
cone using a windup machine. Those yarns were then
reknitted using a KOMET® knitting machine sold by Scott &
Williams, Laconia, New Hampshire, U.S.A. The knitter had a
20 9 centimeter {3.5 inches) diameter knitting head equipped
with 44 needles; and the stitching was set at about 236
courses and 512 wales.
The reknitted tubes were immersed in a copper
plating solution with the same composition as was used
25 previously at 40°C and for times specified in Table 1. For
this second plating step, there was no acid treatment and no
contact with a sensitizing solution. The second-plated
tubes were thoroughly washed with several changes of water,
dried and weighed to determine the total weight of copper
30 plated to the fibers of each tube. The weight of the plated
copper is shown in Table 1. The tubes were deknitted and
the fully plated yarns were wound to cones using a windup
machine.
After the first plating, all of the fibers had
35 noticeable, narrow and reqularly-spaced bands of dark color
mixed with the shiny copper color on the fiber surface. The
bands of dark color originated as areas of fiber surface
shielded from exposure by yarn cross-overs in the knitting -



been i mersed for a considerable tinme in a plating solution. After the

second plating, the dark bands were_gone and_the 5 yvarns had a uniform
shi ny copper appearance. The plated fibers of this invention
and the conmparison fibers were analyzed for copper pick-up and
tested for_electrical resistance -- ,static and under tens] -- Wth
resul ts sHOMFP¥ Table 1. 10 13 Pl ati n}‘%[}'f!%mm&l on Yarn
El ectri cal (mn) (wt 99 * Resi st ance
éi o  Strugture: and were areas of still-active £ifgas/30cm) ** g

xanpl e 25, firs \ : rs . on
66. 4 total Sensdtization deppite lf?‘io’lf"“"g thafthe Libers had alreddf

63.6 been 1Bnfersed fh17 a3 considerdhleptime in a matingr splutions? 5
fi.rst 25 d 1R Bt Beladd thé 0,1.0
Conpari son 3EteHghe Be°°',?§p1%§§?§' the derk Bdlids were fode afd the. O 1,
Wei ght per cEarnghad »indfioym shiny| geRpey Appearance.x pyp|jcate test
results reported The plated fiBersnof! this rixiventieh amdpehecoating

honogeneity, 48 35 fi { r _ e QR0 _t.he rn sanpl e of
Exanpl e COmRRT 3 eéf%%qs'e?%r g%\%@???‘fq‘ca?f' réeggig%a clgﬂo& raia‘al cm | engt h.
The aver agetestedtfor eldctyrical zasietange 5 BtAkicAng urdgr tengigRdar d

devi ati on of.lyfrh TResuttd @Howny iaf Tapilel 1 coati ng was al so confirmed by
SEM cross-secti on photographs which showed 40 that each filanment was
coated ¥ th copper all around the surface. On the contrary, the
filaments from Conparative Exanpl e ZABRE-®| ectrical resistances greater
than 100 mllion ohnms per centineter, indicating a discontinuous netal
coat i ng. Plating Time Cu on Yarn Electrical

(min) (we %) * Resistance

15 (ohms/30cm) **

static tension

Example 1 25, first 49.0 first
25, second 66.4 total 2.7,2.5 1.4,1.4

20

Comparison 1 50 63.6 18.9,14.7 3.7,3.9

Example 2 35, first: 52.5 first
25 35, second 73.2 total 1.6,1.3 1.0,1.0

Comparison 2 70 : 63.7 61.9,20.7 7.5,3.6
30 * Weight percent based on weight of plated yarn.

** puplicate test results reported

As an illustration of coppef coating homogeneity, 48

35 filaments were randomly removed from the yarn sample of Example
2 and were tested for electrical resistance over a 1 cm length.
The average resistance of 42 filaments was 5.5 ohm/cm with a
standard deviation of 1.4. The uniformity of metal coating was -
also confirmed by SEM cross-section photographs which showed

40 that each filament was coated with copper all around the
surface. On the contrary, the filaments from Comparative
Example 2 had electrical resistances greater than 100 million
ohms per centimeter, indicating a discontinuous metal coating.



WD 96/ 23927 PCT/ US96/ 00756

14 In these exanples the sang_aram d yarn was used as
was used in previous exanples and portions of the yarn were 5 given
different acid treatnments. The acid treatnents utilized different

concentratio %’23 furic acid, all for 25 seconds at P%-Ei;ﬂﬁ E!§ The
acid concentra |ons¥}are shown in Tabl e 2. ?‘h

were subjected to all of the washing, 10 fdi tting, contacting with _

sensi tizing solution, plating, deknitting, reknitting, and plating
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e
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82 wei ght per €éncentration - yiel ded very nearl y accept abl e
el ectrical resistance umﬁeryamst\b&é:csuﬁjtddtba eb At exhe Qr:as'lﬂdlgt hat 83

ht t Lt al r ration.
It Do Peapeliteing, PEbhehltind WAGE BHA LTI bELEELSh C BRI "
the sensit | ZI Rekadtiingn F}H]‘Bﬁt‘l'-‘sngvot%ﬂmlégf steps deﬂmkhed/ait!bd in
yarns havi ng @re&dwuaéﬁampldstéﬂtm weighbﬁf 8h8 esidd Wit results

TABLE 2 PATRReEn 25bile ©NC The copper p\{aEJ.ng time Eéoelic %%&ﬁ agd

Resi st ance
(W . 9 secopﬁt rqagmd was 29 minutes.t edpspaction of thed yarnd7. 5

70.5 15 betwéed the. Pidst) and second plating steps revealed that
yarns which had undergone an acid treatment using sulfuric
acid with a concentration of more than 82 weight percent had
unplated crossover areas which were very dark in color while
those unplated areas in yarns untreated or treated in

20 sulfuric acid of less than 82 weight percent were light

colored or the yellow color of the original yarn. It was
noted that sulfuric acid of 82 weight percent concentration
yielded very nearly acceptable electrical resistance under
the conditions of the example; and that 83 weight percent is

25 .certainly an adequate sulfuric acid concentration. It is
believed that the dark color represents remaining activity
of the sensitizing solution which is not washed off or
deactivated in yarns having an adequate acid treatment
before plating.

30
IABLE 2
Examples Acid Conc. Cu on Yarn Electrical
Resistance
{ohms/30cm)
3s wt. %) —iwt, %) atatic Lengion
3 87.5 70.5 1.3,1.3 0.9,1.0

40 Comp.3 82 66.4 57.0,74.0 6.9,9.3



40 Conp. 3 82 66. 4 57.0,74.0 6.9,9.3 WO
96/23927 1.5 PCT/ US96/ 00756 In
t hese exanples, 444 dtex (400 denier) yarn with 1.67 5 dtex per filTament
(2.5 denier per filament) nmade from a conbi nati on of [err]85 weight
percent p nyl ene t erepht hal am de) and 15 wei ght ercent
poly(V|nyﬁ& Qaz%gfrolldone) was treat s wi th aqueous sul f BET ’8
concentrations shown in Table 3 for 25%seconds at 25[err]C. The 10 aC|d
treated yarns and untreated Cbnparlson 5 were carried t hrough the rest
of the expechismilienls aic el BE slag 4-60l ating tinme for the first
round and second round was 20 n1nutes
TABLE 3 El ectri cal
Resi st ance In these exgmplesncd44 dtexy (49Ovdenier) yarpowitlsol 6 20
Exanpl es dwux‘ﬁbr filamentW1% denier perSifilliafient) mad&€NSiéH a 4
gg:g cg> 1op]of‘g§ ggight perceﬂflﬁgly(p-pgggpleéé 30
>3x10[err] € gpt lamidep. and 15 weighte percent p63y$v1ny1 3x10[err]
16.4 pyrrolidone) was treated with aqgkous suif@fig j—

350,

The

Conp. 6 62 err
>3§EO[err] conge. rations shown in Table 3 conds at 2
10 acid treated yarns and untreated Comparison 5 were carried
through the rest of the experimental procedure. The copper

plating time for the first round and second round was 20

minutes.
15 TABLE 3
Electrical
- Resigtance
: Acid conc. Cu on Yarn (ohm/30 cm)
20 Examples (wt.%) ANE. %) Static Tension
4 87.5 72.9 - 2.0,2.2 1.5,1.4
Comp. 4 30 65.0 >3x%108 7.7
25 >3x108 30.2
Comp. 5 None 63.8 3x108 16.4
: 1.7x108 18.6
30 Comp. 6 70 62.0 >3x108 1.5x108

>3x108 46.0



\1/\'D wEZcesj\w \w“m/“mﬁ“\mect rol ess pl at I__gPCT/ USg]ES/ ?gz52nti .

surface of ara mwi €h & durabl e netal coating conprising the
st.eps of imersing the fibers in an 5 acid treatnent |iquid, contacting

the fibers w sensitizing solutio and plating th sRoisk 2
sol ution &Bf’e%‘e??’ cations to be plat eg 6 e’glgrrproverrent

whi ch conpri ses, (a) inmrersing the aramd fibers for 2 to 60
10 seconds at aglgimesature in the range from 10 to 100[err]C in an

acid solution selected from e .9 t 8 % ous
su: furi cualzl d, 86 to 91% aqutelg‘us ﬁgggeggnfaé B#‘%h%fibfog%éggﬁ?%?%% f%hf
acid in an orgaﬂf- cthe gpntiresgyrface of,aramid fihers wikhcaadurable aeetal
organic i qw d; céénmg comprisin b):hwaétew 6$Qnﬁ@:@1h§rf€h§eﬂ1$é§£rﬁxw h

t fil t L Ly { a
\(Ng) elr<ni tti n ![ h%sgc? Rt r-g‘iflﬁf'g c?%o 3“3 rngrﬁ‘a‘[’%T'? & such that
the surface of seras:fum sgluzpoaedand pkamgm the fiberscimsaoselutpomt s

in the knitted dpiifstaA0 cations. to bedPreE@iacting the fibers with the
sensitizing sol ution; | ati ng the aram d fibers

except at the fiber EP8s impTPvement s‘&f#‘fﬁ@“‘i’ﬁ ges, (f)
deknitting the tube of pl(ajedmhebeing tie aramid fibetg)fork2itsié®m the

plated fibefes igddbrtd asg Euﬁgﬁratui)é RS Fait g &Q?anb aéf%d{te in an

crossover points Now
fibers of the ragdd tqq;altion saiected from the gromep%gls ngRE zﬁ?dlttq onal

aci d i mmer si on $0¥ aqueouist Balfupildi d¢cidalee ot 308 AGoud enBorlic tdddid)g 1
sol uti on, "B By Ich1B¥eBlY eBhEL S LR W o2BhhIE BHRIAES &la WG HRM d
fluorosulfonic acid in an organic liquid;
15 (b) washing the acid-immersed fibers with water
until substantially all of the acid is removed;

(¢) knitting the aramid fibers intoc a loose tube
of material such that the surface of the fibers is exposed
except at fiber crossover points in the knitted tube;

20 (d) contacting the fibers with the sensitizing
solution;

(e) plating the aramid fibers except at the fiber .
crossover points in the tube;

(f) deknitting the tube of plated fibers;

25 (g) reknitting the plated fibers into a loose tube
of materials with unplated fiber crossover points now
exposed; .

(h) plating the aramid fibers of the reknitted
tube,

30 whereby, without additional acid immersion and

without additional contact with the sensitizing solution,
metal is evenly plated onto the entire surface of the aramid
fibers

3s 2. The process of Claim 1 wherein the aramid
fibers are para-aramid.



35 2. The process of Claim1 wherein the aranid fibers are

PCTT USO8/ Jﬂlﬂmﬂllllllnﬂlllﬂ‘filf O e provess of GaTm 2 Wherein {he

par a- ar ani d Fi bers are pol y(p-phenyl ene terephthal am de).

4. The process of Claim 1l wherein the amd 5 fibers ar&_@,@g&

5. The prggﬁg%nﬁ? Caim1l wherein the I d solution i’s ‘%
aqueous sul furic acid. 10 6. The process of Claim1l wherein
the acid sol utionyis g éﬁbéba@Eeéﬂﬁlﬁ'ir*ﬁefﬁidjthe para-aramid /.
The process of Cla|n11 %ﬂ?éﬁl 2 Eﬁki'mfﬁk's 1 to 5%

chl or osul f oftBeEE; 8F¢ P géhﬁ grenh ¥ Y596 f 1 uor osul f oni ¢ aci d
in an organic |iquid. 8 The process of Claim1l wherein the
metal is copper. 420 qpe Tocess %F gIQfmpiQﬁﬁ§§b£H tHeiaFathianerein the
sensitizing solutlon 'S 5’ adi um sol uti on 10.

The process 6Pe€9a?ﬁ?1W%%Eﬂ4§4¢QQN3 metal is silver. 25

11. The process of C aim 10 wherein sensitizing solution is a stannous
sol ution. 5. THE prodisRCBES LU P MG PrieClalciyess plating

solution is 83 to 90% aqueous sulfuric acid.

10 6. The process of Claim 1 wherein the acid
solution is 86 to 91% aqueous nitric acid.

7. The process of Claim 1 wherein the acid
solution is 1 to 5% chlorosulfonic acid in an organic liquid
15 or 1 to 5% fluorosulfonic acid in an organic liquid.

8. The process of Claim 1 wherein the metal is
copper. '

20 9. The process of Claim 8 wherein the sensitizing
solution is a tin-palladium solution.

10. The process of Claim 1 wherein the metal is
silver.
25
11. The process of Claim 10 wherein sensitizing
solution is a stannous solution.

12. A process for batchwise electroless plating
30 of the entire surface of aramid fibers with a durable metal
coating comprising the steps of:

(a}) immersing the aramid fibers for 2 to 60
seconds at a temperature in the range from 10 to 100°C in an
acid solution selected from the group consisting of; 83 to

35 90% aqueous sulfuric acid, 86 to 91% aqueous nitric acid, 1
to 5% chlorosulfonic acid in an organic liquid, and 1 to 5%
fluorosulfonic acid in an organic liquid;



30 of the en ramdflbers with a durable netal coa]Eing
com—a—ngthﬂ! E"m ljﬂ (a) imrersing the aramd fibers for
2 to 60 raturelntherangefromloto 100[err]Cin
am acid solution sel ect ed fromthe group consisting of; 83 to 35 90%

aqueous sul f yiggdsdasl, 86 to 91% aqueous nigric acid, 1 beross 56
chl orosul fonic acid 1n an organic |iquid, r)‘aéld 1to 5% fl uorosu| *onl C

acid in an organic liquid; WO 96/ 23927 o 18
PCT/ US96/ 00756 (b). wasHiyg tieSBkcDa-ifkessdd ﬁ:.msseﬁth' WeE8rW th

t nt S f t he id is remved
\(N?)elr(nl tti n; tIh(Lémgﬂ ngéé%%llf%aﬂ goggg %‘6% 18 r%l}ovr?&,e” al such that
the surface of the fibers(¢k @eﬁd@i@a the axawpd Libars)dnter asdoeee pubeat s
in the knitted bfibRaterial such that the 8QPEa6é | 6E tHe £iPasss iy EQpBBSd

sensiti zi ng ¢ t] p] at.i ar am bers
except at the flﬁégpg at" %’rb%%&F@PSSXFﬁt g#ﬂg? t[}'tékng%ted tu e, (f)
deknitting the tube of plédleddntisgting the fibers with gher eensitizinghe
plated fibers igpPugidwose tube of materials with unplated fiber

crossover points now posed;. \ (h) plating the aramd
fibers of ltohe reknitted 1€e)S t‘éﬂg;mg the aramid f Sxceptt Abuthe gtireHnal

aci d i mmer si on eyessovenindinus dadtheotwbecontact with the sensitizing
solution, 30 netal is evgyl )aeﬁln@g;eqn NER t%%grgf rfq el Qg_s?ﬁg the aramd

fibers 20 Rrocge ereln e’ aramid
fibers are para-aramd. (39) re?{m.tt:.ng th ﬁ plaked, fibess dntoj aj kease kubhein

the para- 25 aofimatdrizds with papYéapedhfihd:reardstiovelt palads dedw
exposed;
{h) plating the aramid fibers of the reknitted
15 tube,
whereby, without additional acid immersion and
without additional contact with the sensitizing solution,
metal is evenly plated onto the entire surface of the aramid
fibers
20
13. The process of Claim 12 wherein the aramid
fibers are para-aramid.

14. The process of Claim 13 wherein the para-
25 aramid fibers are poly(p-phenylene terephthalamide).

15. The process of Claim 12 wherein the aramid
fibers are meta-aramid.

30 16. The process of Claim 12 wherein the metal
cation to be plated is selected from the group consisting of
silver, copper, nickel, and cobalt.

17. The process of Claim 12 wherein there is the
35 added step of:
drying the washed fibers after the washing of step
(b) and the contacting of step (d).



15 The p 2 wherein the aranid fibers are neta-aram d.
““m mﬂm“ﬁ"mm cess of daimil12 wherein the netal = . cation to

e pl ated rs seltecttedSfrdom the group consisting of silver, copper,

ni.ckel, and cobalt. 17. The process of Claim 12 wherein

there is tvp@, odded step of: drying the bRgrs after

the washing o step (b) and the conl%cti ng of step (d); WO

96/ 23927 19 PCT/ US96/ 00756

18. The process of O agm 1Thehwretdsd E TLREMIL7Swherein e dmting is
15>-80[err] C‘conducted at 15-80°C.




