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BACKGROUND OF THE INVENTION
FEHOE 5
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(75 4]
BAEFEIRM SN T RWELE, Google FIFRTH HEWEIZEZ VDD, — KNk
HIBIE L7 FFTO 745 —< v MIEZTTEDLELINIZOWTIE, ERFMICHET S S
OEFTCIEMEIS R SR WA, FRIC ML L9 &3 28], REE2MRT 57200
FE). BEHOME] Lvo/zHH TR, EALMEZFIERIIBENDN DL, 2O L) RIH
HIZHHE T 5 R L2SESCZ 2 WiGa CREMMBIIZZ V) 18, SNHOHEZHRITTLE ) &,
728 2 ZNUSNOMEFTC ORI D > Th. T OHEH DA ORI A2 HE L TR S
NTLEHIZEIZLDENLTHD,

Door assemblies having outer panels or skins formed of a fiber reinforced plastic are
well known.

G WHERAIL 79 A F v 7 TR ENTAMI SRV F 232 BETAH T TR 7)1
L <HmesnTns,

(FAE, BIEZ L)
WHERIL T T AT v 7 0 SRS NI ARV IIMRE L 2 B 7 72 7)1,

Zlm|ule|o

O

B Y dmentns,
M WA RIL 7T AF v 7 DB ENTMRE7ZIENEEZET L N7 T2y 7)1,

HTh5bo

Google FIFRE MR E DB TIZ L A EEDR o 720

ZZBEHITIE, “skin” & W) EFED [z ] ERENTWw 5, B 2 XA 22RO 58 T,
MDA VT [HEE] R [AMR] LD wIads CBE  5F R, [ Mse], RSt
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LT EMZERAN. 2016 FETEE 1D FT708 (?) 8BWTZD L) 2ERKIAVHLNELD
#T#rowfi%ﬁﬁ%%n&#o%@f BEFROE L R WM KB E L,

T 7. E MBI TIE “well known” Z [l & LTWB A5 85 W2 [ ] 7 D9,
26120 TR THEHHED) E. HAOHFSE E&o%#ﬂa‘ A & o TUZEHE AV T
THILLDOT, AELZFHEZMONLVEHIZ, Z9) LIHERELLZWZ EIZLTWw 5,

0 Such door assemblies typically include a wood frame and an insulative core
sandwiched between the outer skins

C ZDEHIBRRT TRy T I, ARET LAk AEORIZEEE oA TE
T % =) ifo

P ZDOEHIBRRT TRy T VIE, @E, KRET L =248 WO F N -flias: o
7 EEt,

1 COEIBFT TRy IREE,. REOT L -2k, YMROBICEEF BT
M E A 5o

M DL T TRyTYIE, BAEIRICIE, R WA L E, S LA E D
SRR L T 2 T\ 4,

Google #IFIE. HFEDOM—DE T L) TH Do ADOLTIE [F] ERIBL T2
%h%ﬁi:@i?ir%ﬁjt&ofLiotoﬁﬁwﬁ%f% [l Kk D R R A3 5 itfwéo

“insulative” 12D\ TIE, [#ifgME] &I REEX—RINTH V. HEFEOILFMHIC LT
[Hffx | &g, EARBICHE A Z /A LT BRI BADEZ K> 2 & | knﬂﬁéﬂfwéo
ZHEBEHTIE, EHITHCSNEHRPIEATL Y (Wb LRBEATT—L) EFThHD
T LARBIIC TWiEh] L LTwaA, BEAF I — VIZEBICESMEETLH . o
DRLBOAPLZZFTHRELTLE ) &, #SEOHMAHISEM SN LA ICERETE
RWBE AR L DKbND Z Ll b, BIZ X GIHEHOM BB DO A E AT A6
AFEFEH TILE &:m‘@f%ﬁc‘:\/") I &35 &%ﬁﬂ&ﬁ)%%I?ﬁ’C%&<&ofb‘i?o

[a7] W) FGEEIZOVTIE, BAMIZIEREEZ A A= LTLE )2 AROSEHTITH
ﬁkf:?Jkéi:k%%%ii&@f\%@iiﬁbto

N7 77 ) OfEHIK (“sandwiched between the outer skins” D1 ) IZ2OWT, {8
B E S TWiz, HEDIC Touter skins| EFEILEINTWB UL, 4K ﬁ‘ﬂi%ﬁ“ﬁ'b HbkL
ZEZ N5, PERFEMOTMIZH 725555 7% O TR\ D D AETT A3\ A5, “core” &9
FREICHIE T HONTLE -7,

Further, the skins are typically molded with the outer surface having a wood grain
O | appearance such that the skins can be stained to simulate the appearance of a solid
wood door.

G S5, AT BIAICIZARBERFHONER 2635 L) ICETESI N, 22X D4R E
Gett L CHIGM O T OMNEEZ S I 2L — T A2 ENTE S,

p | S5 MBI IIAR BRI E AT 5 & ) IZHE S, TS L) e
At LTI O I\“?’@%Eﬂ%ﬁ%@i?é CENTE Do

H S5, INSoMRITER., REFONEZET A2/ EITHRIEZEINTEY,
MU L > THMRIZ DWW T, ¢%®*ﬁb7®ﬂﬁ%ﬁtf%@¢é EMWTE D,

M éi% 12, HREI, BT, SHEADRH OB R A L SR A L TSRO AR
WAL ZERTEXLEIHITHIEESNS,

“staine” &\ BjEld. SURICIE U TIRUAT 2 BB D 5. w0 LA FFITIE “stain”
LV EDHFRIIOWT, [Heft] & [HHll O2008FFoNTwbLI bbb ans &
DN FIALFERA IR, ABICBEL TRV, BEREZHC22THENR L 2 L
bHHDT, COXPWIHEETH L. ZORTTREESRD MW THoH-0, [HHaT 5]
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ETBDONVEYBTHS ).

[VIa2b— ] EWIHFGEICLTLEIE, TV L= RF VNI T T4 v 22850
BMOETH LD L) RHREZFLDOT, [Hilt] SMBIEL 7,

ZDOXETIE, ﬂm):\'i)‘ Google BIFRICHITITL E o720 AMOZEREHFIN5H L TH, “solid”
= [HhE] Lo p,\p)i‘f&)éo \_@iPﬁ“C EHETHHR] 2REE L T2z Rk
L7228, F72 “solid” 1 RO LW BEREDLOEHMO L0722 LMK TH 5,
B TR F = v 7 HFIC FFP;!%O)*%M’@W&EJ LWV HARFEZ T Z AT, Bz TH2ZEo
KRERT7 O] & — IR RZ 2 0H L v ERE 2L RETH - 72,

“such that” IZ2WT, $FIZZ L—ATRHEADS [~DXH12] EBRZEMITIRT OAEH]
THbHIEIFEKMLTVDLA, FEBIZIE “so that” L FEBRICHERBREERL TCWE EEbNhb
boObHD, HEIIEK) ZE DL,

A number of patents disclose door assembles using reinforced polymer door skins,
O |including U.S. Pat. Nos. 3,950,894; 4,550,540; 4,864,789; 4,720951; 4,850,168; 4,860,512;
4,901,493; 4,922,674; and 5,142,835.

% OFFFFED, BALR) v —HO K72 FH L2 7 OMAV.TCERRLTWE
G | 9. No. 3,950,894; 4,550,540; 4,864,789; 4,720,951; 4,850,168; 4,860,512;
4,901,493; 4,922,674; B L 185,142,835,

%L OEFFEDS, AR~ —FO N 7AW EZHEH L2 R 7T OMAY.TERRL TV
P | 5. K # % & No. 3,950,894; 4,550,540; 4,864,789; 4,720,951; 4,850,168;
4,860,512; 4,901,493; 4,922,674: 1 L 15,142,835,

% ORFRFCEIC &L D BRALR ) v =D FTAMRE W2 F7 712> 7)) BhR S
THBD . 2L OREFRFRFS 3,950,894 5 RIEFFRFA 4,550,540 77 K EHFFFE 4,864,789
. KRERFFFH 4720951 7. KEFRERFSS 4,850,168 75 K ERFFFH 4860512 7. KE
FFRFAE 4901493 7%, KREFFRFS 4,922,674 5. S OSKEIFFFFER 5142835 w & £ b0

K EF A 3,950,894 5, &5 4550540 5 55 4,864,789 5. &5 4,720,951 . 45 4,850,168 5\
M | %5 4860512 5. 5 4901493 5. &5 4922674 58 X V45 5142835 5 % & & 5% L DU
FliE, BmbRY) =B TP E R 772y 7Y RBR L TW A,

Z 2= VEIRTRIET 2R 5Nz, FHXo “US. Pat.” OFH52BHELTED,. T O
LR TREIME2RIT BT LONPELGPLHEVDOT, ¥OTERLOIHIITBIELZWE, i
B8 48 S T\ 8D { JeATHUMN SCRBA /R B E X O B % 2\ A W REtEDH % o
A number of companies, including the assignee of the present invention, offer

O | commercially a fiber reinforced thermoset plastic door in which the skins are formed
by compression molding a sheet molding compound (SMC) .

AEOFEZNZZTE L ORI, Y= MBI 3y 2 F (SMC) % i
G | AT &L DA% VAW SN L lHERALBREALIE T 7 A F v 7 BT 2 BsErCfeft

|

LTwh,

AEYOERZNZGLL L OAE, Y= loEa v 8y v F (SMC) 2 iR §
P |52k ibﬂ’l‘)}i#ﬁ,ﬁ/ﬁé % WAL BAEALYE 7 7 A F v 7 R 7 R BERNICRRAE L

TWwao

KIEWOFEZ N ZL%  ORFEZ IR — PE—VT 9 7 a8 2 F (SMC)
H | OFEMEEIZ L > TR IR T 5, MRt SN BMLE 75 A7 7 F7 &2
WTHRAL T2,

AEHOFEZANZIZILD ET L L OETIZIEDY — P a v 28y » K (SMC)
M | ZEMKIET A EICX DR EN T A MR LEL TS AFy 7 7 2R L
TWwh,
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PR — D7D DIBEIED A% LT 572 “sheet molding compound” 22V TliE, SERZHTD
[Y—=FIEa 8y F] ERREINTWSED, [SMC] &) —iRICHW LN LIS LI N T
WAHZZO ARO[ =N E—= T4 78 U R THEMINCERZIEL L2 L3 BWEA 9,

0 SMC typically includes a molding resin of unsaturated polyester polymer blended
with a vinyl monomer such as styrene.

G | SMC i, 2FLyREDEZNVE/ Y=L T LY FENLAGHMARY ZAT IV F
)~ — DRI IR &

(M k. BIEZL)

1 SMC 33#%, E=VE/v— (BIZIFAF L) LT LY Faniz, RafFy L2
TIVRY) = —ORIEBHE* &

M | SMCid, BAIIZIE, AF L REDEZVE ) Y =R LIAHARY 227V
R)—oLbBEHEZEA L TW5,

“such as” DRLADWT, FROWHHHH A HIA HH LTS 2T LI %
WDED, ALFRIETRBRVBRENZ EDB LV, T2y 70RDRTSHEDT, HiA LM
LT AL EBS o BREROEHCHILE 5 & N ORRA 5 & HE T
% 72 DD FIE G OB IIMEEA MY 2 FH 2O AHTH S5 & L THEMEHEBT O S &
BRVELDT, BRAEARIFMEZFALZ2WERL W2, HMETIEIZO L) 200 % T 5 4%
v, L LABIROHEIPAAS—H THH o7z HRLHEOBRIZETH 5,

The SMC includes on the order of 20 to 25 percent by weight glass fiber

O | reinforcement and 10 to 40 percent by weight of inert filler material, typically calcium
carbonate.

G | SMC X, 20 ~25 ERN—t v bOH T A ERILM &, 10 ~ 40 ER/S—t U b
DOAEEFCIEA, WARIIIZRB A VS A% Et,

(k. BIEZRL)

g | SMCi.20~25 B BREDON T AR & 10 ~ 40 T % OANG TS B AR} (i
FIRICIZREEA VS I L) L2 EHT A

M| SMC i, H T AMGHERALA 20 ~ 25 o % FEE B X OATEEFTEM . SRR 103 R 1
ANV A, 10 ~40FHE B FBEEEZEHLTW5A,

ZE NGB D X 912 “on the order of &\ [0 LM | & [FEHEM | IZOWTHHF D/ —1 ¥ T —
VIRBERETH o7, HHE L HWLENS L9 % “approximately” =R ETIERL, 2D LX)
LRBLRHAEZH A2 012, MOPOBEDRH S LGS THhNIEIRETHo 72, TDAT
W22V Tid, Google FIFREFAIRTIZ L BICRAEFEL ENTEY, 5IEH3TTH %,

0 The molded door skins have a relatively large surface area, approximately 18 square
feet but are relatively thin on the order of 0.070 inch to 0.120 inch.

G W E N2 F T, B 18 T 7 4 — b DRI K & 2 KR 2 F > TV 5 A% 0.070
4 F05 0120 4 ¥ F DO F —F—DHENHE W T,

p W E N2 FTHAUE. B 18 T 7 4 — F DRI R & 2 ik 2 H - TWwW A A% 0.070
A VFHS 01204 > FOF — ¥ — L B #H,

q BOE Sz B 7AMRIE, REEPSHSICKRELSBLZ18F /7 14— M TH AP 0070
4 v F~0120 4 > FREEEL, HBEHEV,

M W BT A #3918 P 7 4 — M ORIRIKR & 2RI Z A 575 HEBE#ES T
0070 4 ¥ F~ 0120 1 ¥ FRETH 5,

TAKIZOWTHETBIE, BT EDEFT T, “on the order of 23[#y | L WYNIFRH LT 7225,
SN [F—=F—] LWIHFGEICR>TLE o720 HAFETHHIZIE [F /4 —F—] OXHIfEH
ZENDHY, ZITIREMAEN LA Y FEDPPFIREINTWLU L, EEILVWEEZ, ZoFT L

IF. k5
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55 11 BRI e RIER AR E < 268 5 ImIJeSCHIER >1 & [1ba7) &4
B - AMRA - — © 2 Ak = i

- SRl OE RS

AIENCE & &, &5 29 MUY e SO R (55 14 MIRESCRIER] o < 1 MR8 - b% - >
D220 EF 5, fEAEY . mICARAREZED . ZDH%IC Google BIFR. RA M7 4 v b
EWVI)NETRLZ/ER L, HiEE X% [0J (original). Google il %z [GJ. Google #iR D K
AbMTF4 v MitE [Pl EFICX58R%Z [H] (Human) & FKiL LTI DONHIZHER, &I
ZZZH [M] (model answer) Z5[1H L72. Google BIZRAHFRA P71 v b TEDFEIT
EBIE L7020 0T VWL 9, Google BIFRE R A 71 v FOZENRZFNIZOWT, &
W REFEHNCTHRZMN L7z 720 RIREROSENEZFICOVWTD., IS LT 5EFCD
WTIEFRREM Lz RAMZT 4 v ML T, LEREOBIEOAZTT- 72,
55 29 [ B EERN AR E SR (46 14 138 SR

< 1A - 1k - >

i 2.

As used herein, the term “roughened surface” includes both the surface of a three-
O | dimensionally porous material as well as a solid surface having certain topographies,
whether they have regular, quasi-regular, or random network of patterns.

ABECHE SNS HE] &wvwo HEIL. SRTEIVEMEoFRE L. HElR., #
G | B, T35 052X —0 DAy NI — 02 2B TAHEDONRT T 714 %K
I 5 BRI O T % &t
AHRE TR S D DI & v ) RS BRI BRI $72135 ¥ ¥ A k88 —
P | YDAy NI —=2 %G55 1bo T, ZRICEHILVEMEOFRE &, FFED
NRT7 T 74 2K AEKRROM Y % &,
SCTHAT A L), THEfLS /K] & v HFEE. ZRTi % ZILEMF O
H | &L, BEOHREHT HEERMEORNTZLEL, THHA/IY —IZD0nT
AR 7 1 ZIEHAIE % . JLIABRAGHE EREO I e AT 2 bR,
APME T S MR DI 1203, BAle, R, £72037 587k, #
M | BEORPIRBEE D D 5 22 &) b 59, ZRICEILEM O ER, BL U, &5
DOREENEE (MR I 74 —) BT AEEERLDOMGRET NS,

Google FRTlx, “whether” HiNBHEDAIIZ> T LT >TWDT, HIHEBRAEDRIIZ
BB EDITBIE L7z M2 ABBRVHEWZD, EZO XS IZH2SMEICRL TWwiriE)”
they” D& ZATVHIET Y, BEWEZFIETE LD TR RWES ) D%

T A &9 % “herein” & [ ARWME ] LRSS Z EDL VA5 K72 LT [HIHE]
WHREZELTIWb DA I D & LA, “description” R “specification” &9 KB - T
W WPk, TS EHET LI EERWITEHITON TV LD TIE R WA [HME T
HEhz] L WwIHIXSEZOFE IHMT 2 L. FrariaRo#ipl (BfEo PCT T3l#EmE LT
Wokbis) THASNLEHGEICELTIZE) ZD2? L) FALEMPELS, A
ABHARTIE, FFEFEE 70 500 [HERFRH OB #EIPIIE, BHEAAT L 225 iras R o #ip s 5%
DWTEDZITNEZS] § (FHHE 1H), [HHOBEIZB VT, BEISREM L22#MED
AL O 2 Z 58 L CL FFaraa RO ISR SN HFEOBEREMENRT 2095, (FH
F2H) LHESNTVZOT, [BMIFTHHINS] LFRENTHTH, EBRICHENE
LA LIZR0VEASL) . LELEDNDL, #REDOE T A “herein” &\ ) M, HFiriE Ko
PR B, B BRI HFO 2R 2 T OB A IIHMEEREOBENTH A ) L E 2 T,
IREICRE LW [2 2T Ew) FEHAE, EHITRIRL TV 5,
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“roughened surface” 122WTIE, Google SR & BFRBIOWT NG [HI] & 7> TW5BHD,
R THE b SNz %o Twb, FEIC [HMIE] &) RO FGAHIRTIED %A
FRIZALSE B0 7 L — ATV B 2 1ZEMEL O “surface” % “roughen” 3 % LAE2Y. “roughened
surface” Z ¥l - Wik T2 HEO—HLLTEINLI LD, TO L) RLEICHEDOR
— EXFILBR DML X 5 720, AR FEREDOZMRT AL HITL T,

In certain embodiments, the roughened surface may be a porous surface layer
O | comprising randomly, regularly, or quasi-regularly arranged three-dimensionally
interconnected network of pores.

FEOFERIZRETIL, M, 7412, BHAIMIZ, T38RI ERE S

G| Wil = hIt I MG S Nty b T — 7 % A b BT ERE Cd > T b £
b | EEOFERE T, AR, 75 A1, B, ¥ 7R S

AL =R ITTICH B R S N 72 v b T— 27 2 GO EILEERBETH > TH L,

B FERILREIZ B\ T ML S A7z iE, ABANS, BAIAIZ, SO HAIRY
H | ICRESND L EDIZERITMISHESE R SN MILoMEEEZ 5 5, ZILHEE
HETHHFHD

H HEMLETIE, MIEE, 7> 5 a2, HAEIS, TGERAEICRE S Tw 5,
=TT AR S 7L OREIRBCIE 2 4 2 72 Z LB ERHE TH > TH L

Google fRCiE. [HIFLO ] [ZRITCWICHAERER I N Ay VT =271 L W) DLH) 3 gh
NOLDo72DT, FRROLHIIBIELZ, [Hy b7 =2 ] L0 iGEIE. MEzdRIIGEL
LCIMBM#EEs X912 ON505 ML ZRICIICHE S S Lz ] & v ) B4
POEBERABFIIRTELEEZ, ZOFT L L,

In other embodiments, the roughened surface may be a patterned surface layer
O | comprising randomly, regularly, or quasi-regularly arranged two-dimensionally
network of patterns.

G O EREIZEETIE, MHIX, 7 > 212, BHAMIZ, RIS E S /8y —

YOTRITA Y NI = ETNy — LKREETH - TH L,

P | (ML, BEZL)

POFEGEIZRETIX, ML S N7-REAS, Ny — MK AETH-TLL, ZTD
H | 37— Abasn-5EmkEiE ., AHERNS, BHARIZ, THAICEE S Lz, 23y —

YNIZOWTOZRITCHEEE LA A DD TH S,

MOERILRETIZ, MEix, 7 ¥ & a1, HAIZ, T3 E S L TW S,
TRTCH R ERR O RYIREC E & Al 2 72, AR S RIEE TH - T L,

Google RRPLHHARBIDO L S IZHEADHRTR D HFR - TIEH 20D, HERFEZTHA
A ITHEREIR L O bW, TOXD X ) ITBHIHRIE LS TEED 256121, ARl L5
WCHIA SN L TV o 2RI A FiF5 L. TOAF A VIEHER. 7 L—205 LE
ELFELZDOENLL, EBFLMOMEIIAECZVWEEZ 5,

M

M

0 The two-dimensionally network of patterns can include “blind patterns” (or blind
pores) and/or interconnected patterns.

G INF =YD 2RTTAY VT =210, [TI9A4 Y ¥ =2 (F21E754 Y FET)
BLO/ FRIMHEER SN NN -2 EG0b N TE T,

P NG =V D_RIEAY VT —=2712E, [TI9A4 Y Eny =2 ] (720754 FRT)
BLO/ FHEERINI NN = 2G5O ENTE D,

I INF — ORI BRI, [FEEREL NS — > (blind pattern) | (& L < 134037
HfL (blind pore)). MO/ IIMHEFL L7287 — 3G T N5 5,

M FRESRIE 2B ORIRECE 11X, [FEE @B (721 30%EIL) BLO/ /212
MHEFR SNTEENEENL Z LD TE S,

ARZAMZTFTA4 v PCEREHBTEZERTFICE L, XEREZIBIE L7, “blind patterns” X
“blind pores” (DWW THEFEDERA W2 G ITEERFI O X 5 127 525 R TIEHE R [
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LI DT LBD/Er ) LERL TIEERRLLZILEM B OLIEICE L T HwL NS [FEEH]
R[] W) RN L2 ECTUEFEZA U720 Google iRD L HICZFDF FHIRARIZLTY,
JESCDOERDSHIEC 72 5 2 L XD 2o — T “pattern” &\ 9 FEEIZOWTIE [HAk
TIE%L [ =] L LTBWHBS MO b &G L OFREVDRLIZEITH S,

0 The porous or patterned designs may be independent of one another, or may be
partly in contact with one another.

G ZIVEF 21387 — b ENziEEHE. AW L TnwTd X<, TSI
HWWNZEM L TWTH L,

(A E, BiEZz L)

g | ZALERGE AL i3y — LS NARENL, ML L T TR vy U

AN RS DGR QR G

M| ERREIVHE 22RO 7 A ik, HIZHZ L T T £ E2R SN E
WIZHEAE L TWTH Ly,

WEEECTHNIE, “porous” & “patterned” 2SI DH “designs’ TFHRDH T EIFHH S 0 7ED5
HTRED [Z4LE] L) HRFEZ L Z20 X ) EBHEBARE—RLTHRDO60w, T [£
LED] Lo TWEE VRS, 0L REaIcid, BIEMEZ Y ET T 25
WCHREZRFEHRIC 2 DB b % v,

“in contact with” &\ 9 KHUZOWT R TIZZ D F Tk & L 7225 B ERG Tl f 4
Lo TWh, FENIC [#] 358, 7L VEHLOEROAEMLTBY, HWniZ—
BEZVEILGEVEINLVE VIR LE LIIKY L BE/LD, L) BEEIIES
FCTHRBITRENE, B2 ELVWEIATHS, ZOXIRT “in contact with” &9
FEEDD [#A] LWV FGEEZEIMEL L) T i, ZE2 RS [HM]| L wHRGETH-
TH, A LI ERAVETHIRTE2L2 W) 2L RDTIERVES ) H,

0 Examples of the porous designs include circles, ellipses, and polygons, e.g., triangles
or hexagons.

ZILERETOBNZIE . BX OS2 MK, 2L ZAR3=AR T L 3NAEIE TS,
(L. BERL)
ZAUEREToMICIZ, M. 5. RUZMAE B2 =M INAE) NaEhs,

ZILOTHA YBNIE HL . BLXUOEAE, PIZE=MBE 2351, 58
ES LT

ARG 50 TIE R WA Google iRTH, [BXU] R [F13] 2 FIRNATERLTSHON
ERIZG>TVDH L) THbD, 2D L) R PRAKLIE FFRRS o — 2817 & 63
LTCWaH, BHROFLTREFRILLOLENS, EFREPER LD TIERVES ) H.
Examples of patterns include a checker pattern, honeycomb pattern, chain pattern,
O | and various geometrical patterns each made up of rectangles closely arranged so as
to be partly in contact with one another, and further include linear patterns.

N —DBNZIE, Fooh =T = NZHINRNY—, Fo— 7=, B
G | SOHWITHOICEMT 2 L) ICERBRICHE SN -RAETHEKIN,STSER
BMFR R — B EFEN, SOITHENY = EE 5,

P | (HLE. BIEZRL)

IR — BN, TR, NS h ARy — v HERSY — 2 R4 RIBIR
H | Xy —=r (IhoixEnein, oI HEICHEMT 2 X )38 L CRESNLIH
RO EINTWAS) EFEN. 3612, ERRAY -V EEN 5,
BRROBNIL, PR = AR SHBER, 35 X O SN W IZHR 9L S
M | T25E) 0B L TREINTEAETHEK SN A4 ORMEMBEESET TN, &
LICKHUIRERD BN b,

INE — 2 DBNZ O TIRBIF TEIREEN R 525, EORGEZEIR L T HMEFHFPHICFZE N %
WBEHEZLILERWESD, TIWENY = OREFDPFIEEINTVEDAT, FHED
INF =X N ENTRERZZEIND &) BRI, ARG 5 13H 2 kv,

T, &k

Z |Z|vie
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AFHEIER vs. Google BIER (4)
~IRARIT v FMEBUCEXDEIEEHBEOERE~

55 11 [BIARY B s B AR 2 <28 5 MIESCHIGR > 14k (b5 &1%&
BIH - ARA S — € 2kt - Rk 1l

- Sl ORRE R G

BIENCE ] & &, 55 29 MU I R AR OE Bk [45 14 MIZESCRIER] o< 1 #EE - ks - >
DM 3ZMWY T %, fERED . ROHARZIED . ZD1RIC Google BIER. KA P74 v b
EWVIHNETIRCZ/ER L. EFEFE % [ O] (original). Google #liRk% [ GJ. Google Bl DK
AMZF4 0y Ml [P EFICXA2RE [H] (Human) & EKL LTI ONHIZHENR, K%
22 Z W% [M] (model answer) %51 L7z Google lER2SH R A b7 4 v N TEDHE
FiEBIEL72O0 03970 R 3T WL 9, Google IIRE R A P T4 v POZFNFNIZONWT,
ST REEIICTREA Lz, $720 BRARKPSBZEREBICONTS, FFIZE LT 5 EHTIC
DV TMEMN L7ze FAMZT 4 v ML TR, RDERDROBIEDA TS 72,
55 29 [ N0y e B AR SBR[ 14 mIgESCRIER]

< 1Ml -1k - >
i 3.

EXAMPLES

O | [0119] Steel substrates used in the following examples were mild steel, 4130 steel, or
4340 steel specimens.

St 1
LU o FEREBI TR S 405 SEb 13, 5, 4130 $i. % 7213 4340 $RERT TH - 726

P | (R, BIEEL)

ESi4)|
H |[[0119]
DT o FE Rl L7886 13 8k, 4 1 3 0. 134 3 4 OSDREREKTH - 72,

€S|
[0119]

LU oSBT L7z, ghiimtBif . 4130 SatiRn. £ 7213 4340 St
T&) D f:o

Google BIFRClx. BETZT SV HBIMICAINTLE ) L9 7, ZoFFRLTBVTH L
WEBI DD, WELDITETERRIWZ L W HIE RDES 9 D

HRF Tl [specimens| &\ ) FEEIZDOWT, BHFELDO 7012 [3BRF ] v HARGEZ# D)
W ZEDPHERESINT VB DS, RO L) IZHAIC [0 AT T3] OEFIx%IX
R ST ICFHANL LS . ZORBEOHYBELETHITE D2 SEDOMESH
CHAE VKD R UITEMEC 2 50 #DEUI MROBEEZ T 5 L) JHTIE X Vo722,
— G CHROEEEDP RPN LE V) VL U DH b, IE—&X—X POTMH, TOEIC
RO I ZAHZ 2 HEl:, Wb F oy 7 OBOMBEL L o 2BE, S, RS hbBZ
N VAR, SOXHICUBEL TV,

M
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Example 1
O | [0120] The first four components of Example 1 were mixed together and dissolved in
water followed by the last two components. The pH of Example 1 was b.

Ehapl 1
G | ERifl 1 O\ D 4 DDA % —FEIIRE L, RKIZER L, BED 2 DD % kel ) 720
FEHifl 1 O pHIE 5 TH o720

FHEBI 1
P | Ehafl 1 ORMO 4 DDRs e —HIZRE L. KISEB L, fit TRED 2 DD
b EERICILERL L 72, FEFEBI 1 O pHIE5 TH -7z,

[0120]

I FEhitiBl 1
Eifl 1 OO 4 OO % —fIZIRE L. KPIZEBERSE, T 6mED 2D
DR iRRE L.y KPIZERSE720 Ehtifl 1 I2oWwTop HIZ, 5 THho7,
[Z=HEM1 1)

M [0120]

FEHH 1 I2BI1T 2RO 4 W5 % —#ICHRE LRKISER S E728, Rk 2800 %R
GLEMS Sz, £l 1128175 pH X, 5THo7,

“followed by DOMILAN[IEE 7 %, Google RD X HIWZHAZ [HtlF7z] £ 35&, MEED
LD NTHBT 72D B v FAIREBEHIERBI D X 5 ITHE ) K5 O TIEH 555, 4D
DG & 20D DORE - BRPNERATONL 2 EPEH SN TS EEZ, RA L
I74 v MROXHIZ L7, LD [specimens| DR & FERIC, # 0 ELETAEWLGEIC
FZZDEHITHE, TRIZEL RV,

[0122] Using the electrolyte solutions of Example 1, CMMA zinc-manganese alloy
0 coatings were deposited by a pulse current method by alternating pulses at two
different current densities, 20 mA/cm” and 80 mA/cm®

fii#Z) CMMA : composition modulated multilayered alloy

Ehapl 1 OBMBEAEEZFEH LT, CMMAWES~ >y &&a—T714 7%, 29
G | OELIZBEHREE,. 20mA  cm 2BLX80mA  cm 2TV AZAEES
LT EICE BV AERIEIC L o THERE S B 72,

FEWEG 1 OBMEBRBEEZHEH LT, CMMABS~ o &4&a—F4 0T %, 29
P | OBRLZZEBREE. 20mA/  cm’BLT80mA cm T/ NVAXXEIELT
LN & BV ABEGIENZ & o THERE S ¥ 72,

[0122]
LR 1 OBMBEERE AT, CMMABSE -~ G832 —T4 > V%, &H

B V20 SV ABREIC LY. 20084 2ERTE (20mA, cm K08 0mA
/Cm2> Tiﬁiﬁéﬁf:o
[0122]

M Ehap 1 OEFERE T AT, CMMA High—~ o o548 WiEis. 85 2H0OE
TR (2 0mA/cm” BL U8 OmA/cm?) TOXRH IV AIZ L A7V AEREIZLD

HERR L 720

Google FRCIZ, JHFEIZH 5 LA ER T XN, EHICAELRAR=ADPTHAINTLE 5
720 HGHOFMTEZIEMEIZZ RS WD, ALEMEP LB T 2R TID L) %
T2 B—BIET 5 & 70 5 E RELGIDNH ) IEFEIZIENTH 5,
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“coatings” E\WIOEGEL [a—T 4 7] L350, [#HFE] L 3560T. SRED Gz,
BIZIE T®BE] OXHIZLTLE) & [BASNPE] O L H IR NS 43034 U %25,
AREMIBWTEREBR»OMRSEEE [a—T 1 7] LIFATYH, [#E] LIFAT
b, MO EEEZ 525213 0WEA), FiEIEWEZKR L TBW2 23 #HR
PEZE RIZRIRM 20Ty BARMICITREICHRE T2 2 LICLTWwE, EBEOZEAETIERLD O
PR O T "film” OXHICEKHAINLWREDH )., [HE] LW REEEZZDDITE -
TBEZVEVWIBRELH S,

The pulse duration of each pulse was performed such that substantially equal layer
O | thicknesses at each current density were achieved and 50 layers at each current
density were deposited alternatively using a Dynatronix Pulse rectifier.

Zr A D) AR L. SEREBE CHEEWIZE L WE ER S, KE
G |®ET SO)Zﬁ‘Dvnatronlxl\)I/X*k it B %@ﬂﬁ L CTXH iﬁﬁéﬂ%l“) WZETEN
F L7,

BN A D7)V AEEBFERT1Z. Dynatronix 7SV AR A L T, KFEIHREE TE
P | BEWIZELWVWBE NER SN, ZFEMEETOBILHIIHBEEINDS X H)ICETIN
725

&V A D)V AR 1L %*m%ﬁuﬁwT%EM’”Lw EWRIND
H | &b, FEREEIZBVW TS 0DRPEHIZHEREINS X912, Dynatromx P
QAWXWﬁ%%%WTﬁotO

B2V A D%V AMEIL, Dynatronix 73V A g FHHW T, SBMEE CTROE S8
FHEMIZEL L, FBREETS OB HIZHE I N, L) IZ L7,

M

Google FRClx. “using a Dynatronix Pulse rectifier’ 2SEE DRI r> TW LD THBIEL 72,
FRIZFERBITIE. FEBRICHH T 2RO ARG L RBISHT R LD, ZUEFTROA L
BIEL720) LT, DioHMEORLBEL AT 2560500 EROLEEX bRV LD
WCHEETHLEED S,

FEEFTIE “deposit” &) HFEIZOWT [Hri] v RD I E LTWwAED, AHTIE 50
layers are deposited” &\ #MFEBIFRZ O T BEFRFIOM Y [HER | OFH L D@L TH S ) o
BAEDO 7O AT, BEOREEORGAN L (EIEGE UCTohE) ., Sbr RICHER L T8
7% 5, BATIEEME L, M ETLPTHASEZ 520w, [Hil] L 5o THHRWICIX
[HERE ] &IZIZMFRICT R 5 DO72HS, URRHEFEBIFRIC D TEER L7z v,

0 A total of 100 layers having a total thickness of about 20 microns was achieved. The
deposition was performed in a single bath vessel.

G 20370 0OfEEZHETLHEFNL 0 0EER SNz, HRIIE—DOMHTIrbhi
726

P | (L, BIEMRL)
ARIC1000fE (ZORESFAFTH203I 78 Y) #, BoHNh/. ZOHERIL, 1

1| Sowmcor.
BIEAH 2 024 7 B A=y ThHAAL 0 OFHHLN-, HRIL, E—0itilic
M L7
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“microns” &9 FEEIIH LUEHIERBICIE [RA4 782 =% | L) FEEITETOHNR TV S,
HATIZIMEERSEAOFHE B OLBITEFHEE I - TRl T 2 LEPH ) REFEETTH
HIZE 34%), RHaiiCid S T HALRARH SN Tw AL L 3278y ] TldRl w4782~
] L5 0NEMTH ), RBOBHAF L LTZIEL Ve LA LA SAE TR X v
B T, “micron”. “micrometer”, ‘um” D X HIZ[AFETEL L ELPRAET LI DLW,
INnoikdh< i“C“%EB@FEJ“E W X9, MR CRBIEL LI LT RVDT, Y
BEGEO 2 MR L 7-F3GEIC L T b,

B IC BT ‘ié’iﬁmTE@% DV, ERLBEO LI [Zo] EFRLATH
HAGEL LTEIRODL03) M2 2560 5 5. Feifi ROFMICH VT “the” % [Hiad]
R [ T4 LR EEFRETH S,

[0123] For the electrolyte solution of Example 1, the zinc-manganese alloy layers
0 deposited at 20 mA/cm® had a manganese content of about 0.8 wt %, while the zinc-
manganese alloy layers deposited at 80 mA/cm® had a manganese content of about 2.7
wt %.

Ehapl 1 OBREBERICOWVWT, 20mA  cm 2 THBELAHS~ Y T 54
G |I3M0. 8ERYD~Y VI UE&hAEZHL, —FH, 80mA / cm 2 THERE LM
RO UEERBIT T VEAEREEAE LT, 27T EEBD,

FEHiB 1 OBMBEBRBIZOVT, 20mA cm’ THREL-HEH~ > 7 58BN
P |O0.8ERUYD~Y Vv EAEEZAL, —JF, 80mA cm? ’Cfﬁﬁbtﬁf <N
VAEEIREZ, H2TERYDO U VERERR LT,

[0123]
FEHiF 1 OBMEERIZOWVWT, 20mA cm? THFESRLHN -~ 5488

B o 7y aiED 0. SERU% TH 7D L, 80mA,~ ¢ m? THR S &
Hish -~ A EEREE. U UEEREN2. TEE% TH -7,
[0123]

M EHil 1 OBFREHERICOWVT, 2 0mA/cm® THER Ltﬁf"—vy é."f)%a;’cv
VHVEEIHOSER%THY ., 8 0mA/cm® THERE L 7-Hish— VEENEIX

UHVEEDPK 2T EREN TH o7,

ZEH Google iRTIE, [RI27HE% D] L) REDPHITHFWTLE o720 FHU X9 %30
BOWETIZ) FL Vo TWEDIZ, AEHETH 5,

“have” LW B TEERLHEHENEINTWLILA, [AE8EIX. M2, TEE%YDO< U H
VEAREATA] OL) BRBEERFOMALE L A»T 205 FitwThofificd [~
. - - OO0 THo72el DIITHEoTVE, BEDHDIFELEIHES v, AARGEE L
THIHAMDERD DR 7 LM E V) WIS > THAR TV,

I N <2
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AFERER vs. Google BiER (5)
~IRARIT v FMEBUCEXDEIEEHBEOERE~

55 11 [BIARY B s B AR 2 <28 5 MIESCHIGR > 14k (b5 &1%&
BIH - ARA S — € 2kt - Rk 1l

1. S RIOBEIR S

RIENCE ] &k E . 55 29 [N E B sk (48 14 I3 sCAIER] o < 1 ks — by - >
D4 %2 FiF 5, PERTHEY . RONCHREZIED . DRI Google #IIR, KA M =74 v b
EWIHNHTIRCZ R L. HFEFE L% [ O] (original). Google ##l% [ GJ. Google #laR DK
ZAbhTF 4y MlEZE TP ERICE2AR%Z [H] (Human) & XKLL TZOMEIZIER, K%
W2z W& TM] (model answer) Z5IH L7z Google #IFR2SRA b =571 v P TEDHE
FHiEBIE L7200 0 RT3 WwE 9, Google IIRE R A PZF 4 v POZENZFNIZONWT,
ST REGIICTMEN Lz $720 BRARKRTBEREHICONT S, FRICE KT 2 HEHTIC
DWTIETMEM Lze RAMZ T4 v MIBEL T, LERNEROBIEDOARZLT 72,0

55 29 [ B rE B RRE SR (45 14 [n13E3CAER]
< 1R - L5 - >
il 4.

CLAIMS

1. A method for preparing a fibrous material of crosslinked microfibrillated cellulose,
said method comprising the steps of:

O | 1. spinning a cellulose composition comprising or consisting of dialdehyde
microfibrillated cellulose (DA-MFC) into a fibrous material;

1. reducing the pH of said fibrous material to pH 7 or below, to provide cross- linking
of the dialdehyde microfibrillated cellulose.

ok

1. 2370710 7)) Wbt o — 2 OMHEIRM E 2 R34 2 ik Tdh - T, Risd
JiEE, DToTE2&T

G | fho P7NVTFEELILELOLL VT — B ZHi5RT 5

374 7))kt a—2 (DA-MFC) % #kHERYE 2,

ilo ARCHGHEIRM IO p HE p H7DUTICIRT ST, Y707 e FIsa 74 7Y
bt — 2D%EE %4+ 5,

[F5KIE 1)
I a7 4 7)) bt o — 2 DOMHER R 2 S 5 FiETh o T UToL
P2

qi. Y7V Fe Rz 74 7Ytk ra—2 (DA-MFC) #&t /23y 70
Pl FIzZu74 7Mbbl a—2A0567%5) 80— AW %, SHEEM R & #
345 AL

ii. ATRCHHEIRMAEI O p HEZ p H7 I T EET, Y7 VT FIrz07 g
TV a — 2 B LEES 5 TR

et Fitks

(Y] FrRragek o #ipH

[FskiE 1)

G723 707 4 7)WL a — 2O E 2 BT 5 i TH - T, LT
THE
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i) YruFerizaze 7Y ubkro—2 (DA-MFC) &, X3y 7L
Fe RI70740 7Mbb — 20505 L0 — ZMEW % #i% LT, bR
(e PR

i 1) B RO p HZ pH7TUTIWETS®T, Y7 VT FIzu74 7))L
Lo — 2 %46 84 5 T

%.’ (=] %J‘ jﬁ‘{fo

[FEkmE 1]
I su 7 4 7Mbbk a — 2 OMHEIRM B Z $E 3 5 FEETH - T, miERL T E
=R

M | (1) 7VvFeRirza747)fbtro—2 (DA-MFC) #&&. 7213 DA-
MFEC 225 7 A2 )i — ZH W = #556 U CHlFERM B E 32 27 v 7, BX WY
(2)%Eﬁ%ﬁﬁﬂ®pH%pH7uT WK T EHT, Y7 VFe FIza74 7Y
WbtV —Z2DZNEEITH) AT v 7. BEd itk

Google I, HENEF XD LI IZHoTLE o720 BTIIEATHL W EFFICEKE 2 X 9 72,
VWAL [FA) ERB SN2 L1, B0 U EWwAHIHH & ORI EE
SNV E W) BBWEIERO§E T 2 ISR L TWw b,

AMOEFETIEZ, THEIETEL i0MIZ [BXU] 2#ioTIL»oeH DA, Hiits
EOBBEASTIE, LRI ELHELD 128 [ R OBRIZHEZEIZHLNES S, EB L
TREARMIZE B IZLTBW A, BICHIETABICELE ODBENES IR, I A
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2. The method according to claim 1, additionally comprising the step of heat-treatment
O | of said fibrous material, suitably concurrently or subsequently with the step of pH

reduction.
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0 3. The method according to any one of the preceding claims, wherein the pH is
reduced to below pH 6.5, suitably below pH 5, preferably below pH 4.
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0 4. The method according to any one of the preceding claims, wherein the crosslinking
takes place in the absence of any additional crosslinking agents.
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5. The method according to any one of the preceding claims, wherein said dialdehyde
0 microfibrillated cellulose (DA-MFC) is obtained by reacting cellulose pulp fibres
with periodate, so as to introduce aldehyde moieties to the cellulose pulp fibres, and
subsequently fibrillating said modified cellulose pulp fibres.
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