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(57) [Summary]

[Problem] Provided is a colored high-strength polyethylene
fiber that maintains high strength and high modulus of
elasticity, has excellent weather resistance, and has
sufficient fastness.

[Resolution Means] A high-strength polyethylene fiber
which contains a pigment composed of a particle aggregate
having an average particle diameter of 10 to 100 nm, has a
strength of 2.0 GPa or more, and has an initial modulus of

elasticity of 70 GPa or more.
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[Scope of Patent Claims]

[Claim 1] A high-strength polyethylene fiber containing a
pigment composed of a particle aggregate having an average
particle diameter of 10 to 100 nm, having a strength of 2.0
GPa or more, and an initial modulus of elasticity of 70 GPa
or more.

[Claim 2] The strong polyethylene fiber according to claim
1, wherein the particle aggregate is configured from 10 or
fewer particles.

[Claim 3] The strong polyethylene fiber according to claim
1, wherein the pigment content is 0.01 to 2.50 wt%.
[Detailed Description of Invention]

[0001]

[Technical Field of the Invention] The present invention
relates to a colored high-strength polyethylene fiber. In
further detail, the present invention relates to a high-strength
polyethylene fiber suitable as a material for highly strong
ropes, nets, fishing lines, protective goods, and clothing-
approximating goods, which require aesthetics.

[0002]

[Conventional Art] Conventionally, taking advantage of
their excellent properties such as strength, modulus of
elasticity, and chemical resistance, high-strength
polyethylene fibers have been widely used in fields such as
ropes, fishing lines, cords, and high-performance clothing,
for example uniforms, seatbelts, and safety belts. However,
a colored high-strength polyethylene fiber having excellent
light resistance and sufficient fastness has not been obtained
at present, and therefore, uses of high-strength polyethylene
fibers tend to be limited. In order to color a high-strength
polyethylene fiber, there is a so-called “spin-dyeing
method” of producing by mixing various dyes, pigments, or
inorganic compounds such as carbon black and titanium
oxide with a raw material polymer, or a method for obtaining
a colored fiber by various dyeing techniques generally
performed after forming the fiber. In the spin-dyeing
method, because an inorganic compound or the like is added
in the manufacturing process, the additive acts as a defect in
the crystal formation process and the like for expressing high
strength, and is a factor in strength reduction, and therefore
becomes difficult to add at a high concentration. On the
other hand, when a technique for dyeing fibers after
formation is applied to high-strength polyethylene fibers, it
has been difficult to obtain dyed goods or colored goods
having sufficient fastness from a polyethylene having a very
high degree of crystallinity and a simple structure.

[0003]

[Problem to be Solved by Invention] The present invention
is the result of diligent research into the particle diameter,
agglomeration state, and content of pigments that do not act
as defects in the crystal formation process and the like for
expressing high strength, and a method for obtaining a high-
strength polyethylene fiber in which the colored high-
strength polyethylene fiber has excellent light resistance and
sufficient fastness.

[0004]

[Means for Solving Problem] That is, the present invention
is a high-strength polyethylene fiber containing a pigment
composed of a particle aggregate having an average particle
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diameter of 10 to 100 nm, having a strength of 2.0 GPa or
more, and an initial modulus of elasticity of 70 GPa or more.
As specific aspects thereof, there is a strong polyethylene
fiber described above wherein the particle aggregate is
composed of 10 or fewer particles and the strong
polyethylene fiber described above wherein a pigment
content is 0.01 to 2.50 wt%.

[0005] With respect to a high-strength polyethylene fiber
colored while maintaining a sufficiently high strength, it is
essential that the colorant contained in the fiber is composed
of a pigment such as an organic pigment, inorganic pigment,
and carbon black. This is because the pigment particles in
the fiber are incorporated into the polyethylene crystal, and
therefore migration to outside the fiber is suppressed,
therefore it is thought that the pigment particles will be held
stably.

[0006] In colored high-strength polyethylene fiber, the
average particle diameter of the pigment, which is a particle
aggregate dispersed in the cross-section of the fiber, is
preferably in the range of 10 nm to 100 nm. This is because
the particles of the pigment are of a diameter that does not
act as a defect during orientated crystallization that occurs
during the fiber formation process of the polyethylene and is
thus incorporated into the crystal. That is, when the average
particle diameter exceeds 100 nm, it acts as a defect during
crystallization, and the colored high-strength polyethylene
fiber obtained as a result thereof has low strength. On the
other hand, migration occurs when the average particle
diameter is less than 10 nm, which is not preferable.

[0007] The particle aggregate is preferably constituted of 10
or fewer particles. When more than 10 are used, the colored
high-strength polyethylene fiber is hindered from expressing
strength and stretchability and as a result, the colored high-
strength polyethylene fiber has a low strength and
stretchability. Between 1 and 8 particles are preferred.
[0008] In the high-strength polyethylene fiber colored while
maintaining sufficiently high strength, the content of the
pigment—which is a colorant contained in the fiber—is 0.01
to 2.50 wt%, preferably 0.10 to 2.00 wt%, a coloring effect
cannot be demonstrated at less than 0.01 wt%, and when the
content of the pigment exceeds 2.50 wt%, weather resistance
of the high-strength polyethylene fiber is favorable but
strength and initial modulus of elasticity are reduced.
[0009] The colored high-strength polyethylene fiber has a
strength of at least 2.0 GPa or more, preferably 3.5 GPa or
more, and has an initial modulus of elasticity of 70 GPa or
more, preferably 80 GPa or more.

[0010] The strength and stretchability measurements were in
accordance with JISL-1013 (1981). That is, using Tensilon
manufactured by Orientek, the S-S curve was measured
under conditions of a test length of 200 mm and a tension
speed of 100 mm/min., the S-S curved line was measured
using a tensile breaking strength and under the conditions of
a test length of 200 mm and a tension speed of 100 mm/min.,
and the tensile breaking strength and tensile initial modulus
of elasticity were calculated. The tensile initial modulus of
elasticity was calculated from the maximum gradient near
the origin of the curve.
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[0011] The weather resistance was evaluated by 63+3°C of
irradiation temperature, 150 hours of irradiation time, and
12 minutes of rainfall every 60 minutes in a Sunshine
Super, long life, weather life, weather meter (WEL-SUN-
HCH-B BR).

[0012] The distribution of pigment and the evaluation of
particle diameter in a fiber cross-section were measured
under the following conditions. The sample was embedded
in epoxy resin and left to stand overnight at 60°C to cure.
An ultrafine slice of about 70 mm thickness was prepared
from the cured embedded sample using a diamond-
equipped ultramicrotome manufactured by LKB.
Processing was performed to improve cuttability of the
slice, and the ultrathin slice was placed on a carbon vapor-
deposited Formvar support film to be a sample for TEM
observation. The TEM observation used JEM-2010 type
TEM manufactured by JEOL. The magnification is 50,000
times.

[0013] As a technique for manufacturing the high-strength
polyethylene fiber, a method for stretching gel filaments
obtained by solution spinning an ultra-high molecular
weight polyethylene solution as described in JP S55-
107506 A and JP S56-154508 A is used. The present
invention is also carried out in accordance with the
techniques described in the aforementioned publications.
[0014] The present invention will be described below in
detail using examples and comparative examples, but the
present invention is not restricted to each example so long
as the essentials thereof are not exceeded.

[0015]

[Examples]

(Example 1) A mixture of 10 wt% of ultra-high molecular
weight polyethylene having a viscosity average molecular
weight of 3,200,000 and 90 wt% of decahydronaphthalene
was kneaded and dissolved using a screw extruder set to a
temperature of 180°C to 220°C, extruded from an orifice of
a 0.5 mm diameter and drawn at a drawing speed of 75
m/min., and then stretched four-fold in an oven under heated
air (100°C). In this case, carbon black obtained by subjecting
carbon black REGAL 330R (average diameter of
agglomerates: 1.41 mm, Max 9.29 mm, Min 0.22 mm)
manufactured by Cabot to fine pulverization processing was
added as a colorant to the mixture of polyethylene and
decahydronaphthalene at  0.05 wt% relative to
decahydronaphthalene. By further stretching the obtained
intermediate stretched product to 4.3 fold, a colored high-
strength polyethylene fiber having a strength of 3.62 GPa
and an initial modulus of elasticity of 129 GPa was obtained.
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Furthermore, the particle diameter of the carbon black
dispersed in the fiber cross-section was in the range of 10
nm to 50 nm, and the number of aggregated particles was 1
to 6. Furthermore, the evaluation results for the weather
resistance of this fiber were excellent at grade 4 to 5, and
the strength retention rate was 90%.

[0016] (Example 2) A high-strength polyethylene fiber was
produced by the same method as in example 1, except that
carbon black subjected to fine pulverization processing was
added at 0.20 wt% relative to decahydronaphthalene. The
obtained colored high-strength polyethylene fiber had a
strength of 2.5 GPa and an initial modulus of elasticity of
90 GPa, and the evaluation results for the weather
resistance of the fiber were grade 4 to 5.

[0017] (Example 3) A high-strength polyethylene fiber was
produced by the same method as in example 1, except that
carbon black subjected to fine pulverization processing was
added at 0.25 wt% relative to decahydronaphthalene. The
obtained colored high-strength polyethylene fiber had a
strength of 1.9 GPa and an initial modulus of elasticity of
67 GPa. The evaluation results of the weather resistance
were grade 4 to 5.

[0018] (Comparative Example 1) A high-strength
polyethylene fiber was produced by the same method as in
example 1, except that carbon black not subjected to
colorant fine pulverization processing was added at 0.05
wt%. The fibers obtained were colored high-strength
polyethylene fibers with a strength of 1.8 GPa and an initial
modulus of elasticity of 60 GPa. Furthermore, the particle
diameter of the carbon black dispersed in the fiber cross-
section was in the range of 50 nm to 100 nm, and the
number of aggregated particles was about 15 to 30.
Furthermore, the evaluation results for the weather
resistance of these fibers were unfavorable at grade 3.
There was difficulty in spinnability, and an evaluable
portion was used in the evaluation of the fibers.

[0019] (Comparative Example 2) Furthermore, spinning
was attempted having carbon black not subjected to the
above fine pulverization treatment added at 0.10 wt%, but
spinning was not possible.

[0020]

[Effect of the Invention] According to the present
invention, it is possible to provide a colored high-strength
polyethylene fiber that maintains high strength and high
modulus of elasticity, has excellent weather resistance, and
has sufficient fastness.

HONEYWELL Ex. 1007, Page 3 of 7
HONEYWELL INTERNATIONAL INC. v. DSM IP ASSETS B.V.
IPR2024-00493



PPARK

IP TRANSLATIONS
—— welocalize @ ———

DECLARATION OF TRANSLATOR

I, David Takata, hereby declare as follows:

l. I personally prepared the attached translation from Japanese into English of
the patent that is entitled “75 & S V7 m R IR U = F L 4 #E> in Japanese and
“COLORED HIGH-STRENGTH POLYETHYLENE FIBER* in English (also attached).

2. The attached translation is, to the best of my knowledge, a true, full and

accurate translation of the attached Japanese document.

3. I am competent to perform this translation, because I have 2.5 years

of experience as a professional Japanese-to-English patent translator.

4. I declare under the penalty of perjury under the laws of the United States
that the foregoing is true and correct; and further declare that I am aware that willful false

statements and the like so made are punishable by fine or imprisonment, or both, under
1001 of Title 18 of the United States Code.

Dated: 1-12-24

L aned I fbzte

TRANSLATOR SIGNATURE

15 W. 37th Street 8th Floor
New York, NY 10018
212.581.8870
ParklP.com

HONEYWELL Ex. 1007, Page 4 of 7
HONEYWELL INTERNATIONAL INC. v. DSM IP ASSETS B.V.
IPR2024-00493



(19) AAIERFF (I P) WABBEBEFLAE W (1A HIEARE S
Reig 11 —21721

U RBEE FRI1AE(1999) 1 H26H

(61 Int.CL° AL FI
DO1F 6/04 DOL1F 6/04 B
DO6P 3/79 Do6P 3/79 Z

FEEWR AR FHREOE3 OL (& 3 H)

(21) B HFRPI— 179459 (T HEEA 000003160
IR e
(22)H'BAH EROFE(19T THAH KERAETERZRKZTHZH8S

(T2)5E Rl A
BERARETRA -THIZ1%
R S AP

(7)) EWE WA =g
BERAETRI-TH1#15 HH
R R S RN

Gy [FEAOHMK] HAIhAERDR) T L i

657 [#59]

(GREE] =), SR 2 alfs LR EcEa
N BEERF - ARSI EENA ) 2L i
RMT5.

(FRFEE]  PHRFES10~10 0 nmaRiT&
G S SN e EHTHMEN 2. 0GPalll,
HEFEMESRST 0GP all b Th s ai iRy T4 v

HONEYWELL Ex. 1007, Page 5 of 7
HONEYWELL INTERNATIONAL INC. v. DSM IP ASSETS B.V.
IPR2024-00493



(Fraraak D )

(GERkTEL ] PR 1 0~1 0 0 nmakiF4&
G L LR e EE TS MES2. 0GPall
F. HEEEERS T 0GP all hTh A Z L B LT
BEAR A 2L 2t

(FERkE2]  HFEEHS 1 07D Ok 6 ik
SNTA 5 I L L T 53RE L L8R T
FL AR,

(FRkE3] BEHOEFEEHF0. 01~2. 50wt
%TH S L BRI E T 5 FRIE 1 iEOM A TH
%

(ARA T3 )

(0001]

[ABANEY & il S ] ARMIIE 6 S hzesd A
JIl AREIc RS, 3 5(CHL UARA LS5
NTEHOFENFEREN 0—T . Ay b 89Dk,
AT s BB TR o Rl D 5 by =t By L))
Ll AAHECEE TS

[0002]

(kD] Desk. &) nFL AL, 20
B R L RO E R £ L TR
=7 $90%k. a—F . SRkl AT e —
b =NV R RN BEORH TR HW LR
T&. L LEbbthicEn +oic BREE F- 088
SHCEEAR ) LR L R SREROITE S
TG TR IR ) ZF L s g IiR S h b
I H 5, EEIR ) ZF L iR E 5 IR
HRU=—c FREEE. B S nidAs—Rr 79
v 7 BLF Y L E g LatE RS L TREE S
Bvibipd FREER" SRR L AR RICATD
AT WA EBREDFRIC L » TE #2155 HikP
HbH, FEETRTOHRETE TR SWEFZEINT
BT E DFEIH e & R 5 720 DR IBIK
WL SRR LTERL | MERTOERE
L0 SO SGRETOFNIRE b, —
T MRER TR L ZtRICRE T L FER SHIRY T
Lo EISEA L KO X LcEE . BRUEAIEE IS
<O HMLREEE L OB DR L . T BEEE
Frofos@ied @ s Z L BT H 7,

[0003]

CRUIZBRL X 9 L3530 RRAINLISHH & 23
T B ORERE R TR TRRE E LTERL
LWERRIORE, SERIESLTERICONWT, ZER
SHCEIR ) DL TR B L. e
EREEE 4 L o/ A ) RoF L il R 152 iz ow
THEBS LR L 3Nz o nThs,

[0004]

REER R L 200FR] ThbbRRIL. FY
RiFE 1 0~1 0 0 nmOBFEEGHKD L7 A E
HEETL. MEN2. 0GP allk, fiifEER7 0

(2}

HEPE11-21721

GPallbkThasZLERHLTLEmIR ) ZFL
HETH A, FOEMKERE L THTFEEES 107
LT ORI o RS T0 s 2 L 2R L 34 L3E
oong ) 2L ik RUBROSEHEEN0. 0
1~2. 50wt%THsZ L 2L T4 LiEED
IR L ARETH S,

[0005] ThicEvisEEit Lz dmashit
SRR T L BT oW L Sl icaa S
ToEERGER, RERS A - 77 7 HOERT
BRINAZEHPHETHA, JiusiithaiER
R T L OREMIZI DA S LT B 72 OHREN N
DAL A v a YW SRATDEEL TRES L
BEEILNEPLTHA,

{0006 ] FEShim@hR ) T L rEizsy
T, RO i AT REIRTH HEHD
TEHRTEIZLIOnm»,S 1 00 nmOEETHLZ L
EFE Ly, ZHIER Y 9L o O R A L
LE MRS OB BRI R ARG S LRSI
SN AZ N ARBEORETHLPLTH S, BB,
THERES 1 00 nmE 2 5 L ERbERzREGE LT
fEFRL . ZOieE LB BeEid it U 2F L o i
IIEEDKWLOLL S, —F, THEREN 1 0 nmk
WCTHLETA LA L a VPR LIE LD,

[0007] 7z, FHNTEEEIZL 0 FLITokF5
SRERINTWAZESFFEL W, 10752255
BEINEESE Y L L s E RO £
Y. FORR. FRENCEEDE ) 2L i
HWHEDNRVLDEL S, WELIE1~87TH5A,

[0008] HriEmvigEEifft Lz dmashi
ERE ) L B WT L ElEh IcEE S
AEERTHALEOEEFN0. 0 1EEX%L 2.
50EE%. L IIFBROEFEEN0. 10EE,
PH2. 00ERE%RTHAH0. 0 1ER%RETIIER
DFRSFRETET, 2. S0EE%EHL 5 L5580
T TF L HHEOTHEME S RIFTH A5, shE<emEl
FYERPE T 5,

[0009] ZZTHEOSAIERIT) TFL ik
A7 L2, 0GPallk, E L<iZ3.
SGPalll, wEEMRI7T0GPallE, HELL
F80GPallEThAaZEHEE Ly,

[O01 0] EMEAIEIZIISL-1013 (198
1) T, §0cbh, ALy Ty 7HEFim
VEHAWRKE200mm, 5[-5RDEEL O Omm 4
DEMTS — SHBAHEL . SRR X HVWiE
200mm., 5l-RDEEL OO0 mm GOZEETS —
S Z AL | SRR L 5 SRR A R
L7z, SRR RO RS HED R A AL L D
"qitL7z,

{001 1] mHEtEoEmis, Earr v 22—
NoarFIA 7 T =947 e A—F

HONEYWELL Ex. 1007, Page 6 of 7
HONEYWELL INTERNATIONAL INC. v. DSM IP ASSETS B.V.
IPR2024-00493



(WEL-SUN-HCH-B BR} (cCHREHEE 6 3 + 3°C. HENTH;
15 0Hr . BREFLHLI6 00 1 2 5
Lz,

(001 2] #HMmEaEE O»76 & R FEOFHEIZL
ToOSRHTHEL 2, #EE RSy EEcaEL . 6
O CT—MRE L THHL S ¥ 7, WbioaEsEs»
LAY EY RESEBL/LKBHE L5320k
— A FFAVTESHT7 OmmOREEY S 2 e L, 1)
FUEMESE MR L T BENRIE —F
VERE LI 7 o AN— LR LIz T TE Ml
M7k Lz, TEMBEIIARETRHIEM -2
010MTEM#Hvi/z, BRISHETHS.
[0013] @R ZFL U FEETLFEE
LTz, BRMBS5—-107 506508, BHHEDS
6—154508FAWIHSINTWE LBy
TERFYLFL > OEREBIEIRLUTRLNL FL 7
4 A NERIETAFESHGANRT WA, RFEMHIC
BWCL, FEOAHIZEE 3TV PRI TT
b,

(00 14] LITAFAIEE LR % 50rC 2
R ERIRT 200 . AR FOEEE B2 ZWIRY |
BIRIEH RIS AL LDTIE W,

[0015]

[ F=htafH1]

(a1 ) MEFSESTE3 Z0HNEEHI TERY
IFL 1 0EBREOOEESDTAL KO- 741
COREME. 180°C~2 20 CITRELEL A7
Vo2~ DD ER L TEREO. Smmdt
J7 4 25U 7 5m  m i ndF[IY)EE T
D ZDHIMEAZERT (10 0°C) DA =T > TAED
EFIT72, BEOE. R)LFLrEFAhe Fa
FIE L oGz, FBERE LTEFYHRY Mo
—iR> 77w ZREGAL 330R {SHERDTFHESF 1. 41
mm, Max9. 29mm, MinO. 22mm)
BRCBAEL oA —K > 75w 72 FHe Ratr7
FLrizl 0. OER%FFNLE, BohidE
WA S Slz4 . FICEMTA I icL T, BE

(3

HEPE11-21721

3. 62GPa. MEEEE]L 2 9GP anF@INT:
BRI TR L R A 37 S ORI
DT A A—Ry 77 v 7ORTFEIZ1I0Onm»A50
n mOFFIZH O HTFOBEEEIL L 55 6 5 Th-
72, 7 OFMEOTHEED IR 4 — S/ L
. BERIERIL0 0 %H -7z,

(00161 (EMEH2) WA i Lr:h—R
VTG 2 ERFAC RO F 2L ICHLO. Z0EE
%R TR L 72D MR 1 RIS A )
L VR B L, A S E S ISR A
FL U EORIEIL 2 . BGPa ., MIIEESEIZ00G
Pa<THhi . MHEOTHREOTMETIIA — 58TH-
A

(0017] (EHEH3) WFMEL S L7h—K
VTS P EFACL RO AL UICHLO. Z5FER
9% R FRANL 72 LIFMAS R 1 & SIS T i) 5
LR B L, AR BRI A ER R T
FL o EOMIEIE ] . OGP a TUMIMERIZ 6 7 G
PaThotz, 2IREOFHER-TIZA — SHTH-
72,

(00181 (HEHI1) HEFIOBRAIL, S
TOWRWA—RY 7 I 9 2% 0. 0SEEGFEMLL
SMIFREE 1 & S C BRI ) DL i % s
L7z, o R/ 8InE L. 8GP a7T, Wiis
6 0GP a D@ SFURERHI) TF L HHECH -
P2, 7 ORI AT B A—EKY T T 2D
HFE5 0 nmpH 1 00 nmOFEIH D RFoss
B3 1 5~3 07T Thote, 722 O
BRI L S8 - B Lo 7o, BiRPEIC S
D . LIS L I A B & G L7
(0019] (HEFI2) 72, LB % i
SHVH—RY T 220, 1 OBEXIRML THis%k
ERATIRAFTTH -T2,

[0020]

(RITDENE ] AR L 2 &) . e % s
LA R B e B % o 2o B S U
HAD TFL iR RS 2 C 2 R TREE LA,

HONEYWELL Ex. 1007, Page 7 of 7
HONEYWELL INTERNATIONAL INC. v. DSM IP ASSETS B.V.
IPR2024-00493



