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RESEARCH AND DEVELOPMENT OF
FAR-INFRARED SHOES LINING MATERIAL
FOR WARM KEEPING

ABSTRACT

With the improvement of people’s living standard, people of the cold area
are in bad demand of comfort and handiness of warm keep shoes getting higher
and higher in the winter. Not only requests it to maintain warmth, but also
requests it to wear facilely and not extremely fat. Research on the far-infrared
material which can maintains warmth is an effective way to solve this problem.
Simultaneously it enhances the footwear product to add value, and also opens up
a new way of shoe manufacture industry.

The six parts of the task are as followings: the scattered method and
dispersion condition of far infrared compound powder, the making method of the |
far infrared fluid, the reorganization technology of the far infrared material of
shoes lining, testing the far infrared shoes linings’ performance of warm keeping,
testing the physical property after far infrared powder added to the shoe lining
material and warm keeping mechanism of the far infrared powder, and then
making the far infrared material which have good performance of warm keeping.

This topic first uses the method of adding dispersant and cutting emulsify to
disperse the far infrared powder. The influence on the dispersion stability of
different dispersant type, the dosage of dispersant, the shear velocity, the shear
time and the pH value was studied. We observe and show the stability of the far
infrared powder solution by using the scanning electron microscope, the settling
process and a zeta. And has appraised the temperature rise performance of far
infrared material through the method of temperature rising. Then we inspect the
influence of warm keeping performance by the far infrared compound powder
and the adhesive dosage, determine the best dosage of far infrared compound
powder and the adhesive, and also determine best making technology, moreover
examine the warmth maintaining performance and the durability of it for the far
infrared shoes material; And test the related physical property of the shoes
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material. Finally analyze the warmth maintaining mechanism of the far infrared
material by using the related principle of radiation

The following results are based on the experiments:

1. The results showed that SHMP could lead to a very good dispersion to
suspension of far infrared compound powder when pH value is 9~10. the best
amount of dispersant is 0.1~0.2% for 5wt% SHMP. The shear velocity is
14000rpm; the shear time is 40min.

2. It comes to the conclusion that the best amount of many components are
the followings: Far infrared powder 5%, dispersion 0.2%, adhesive 10%; the
manufacture technology of the far infrared shoes lining is: infiltration (far
infrared reorganization fluid) —dries (90°C ) — bakes and dries (150°C,3min).

3. By the temperature rising test, after the far infrared lamp shines 15min
temperature of the shoes lining which contains the far infrared powder enhance
2.3-2.7°C than that of no far infrared powder, it shows that far infrared powder
can the increase warmth maintaining ability; The far infrared shoes lining’s
warmth maintaining ability has the dropping tendency after the sweat immersion
and wet or dry scratches processing. But it still could maintain the high
temperature rise performance; It indicates that the far infrared shoes lining
material have the good durable performance.

4. Through the physical and mechanical property test of the far infrared
shoes lining material, indicates that the material has good ability of maintaining
warmth after reorganization, the fabric physical and mechanical property change
little, and then can meet the demand of wearing.

KEY WORDS: The far infrared powder, shoes lining, the disperse
performanée, warmth maintaining ability, warmth maintaining mechanism
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FAEST, MMESHAHR Vs CAdN Vi (A FVy (A), NIFES B R G R 5 2.

e4 W) =Vs A)-Vo AV A)-Vo Q) (1-15)
XGRS R BAR AT AP R IREEOE B Y AR, T LB EIA ik 4
KA.
2) [FAERRAE

RIEERF AR T E py RKE o BT E r ZEZ MEEN—EXR
(atptr=1), BITHRRHEZMBELEMNBERKE, E—EOLHT, SPHRIEE
MRS RFERERELRR,

¢ AMERBE:

ANERBEAIEFF T .

1) F kB Bl e ik

SRR LT LSRR B, EEERENTR L, £5RT, t—%
FIETTR) A, RIS BTN BRI, RHREE.

2) LHYHE

RIS @A TN EHI A ER MBS, SR —ARAERAH, REERE
I, G RS REE AR

BRAGREEHEERREOENYE, BEFERIZNCHER, BRERNZXMHIIEAY
RSN, MMBEMER. BHKSF. BUOARRBRETHER: R
ML RZ R X MRS MR RER, RS REDX A
IESL.

125 BASGR BB REES

a FITIRERRWLERIE
O M4ET, FREASHGAREIBAERR WA FRRLHATSRNTELIIEE
Sk, —FEERIBFNEBIELIMER YR, H—HBEBRRAELT AR PKTLI
AR ILAC KRB R B A SMEH 2. Bk RFH A LTS REE—E, BE
SERRE FERRERER, ATH48E%E, IARREEMNRAE—FRERIREA,
REHITLASMES R,

b MIREF R KR

EATEAAN RSB E RUSGRRRG L ERCAEM, MATLIMES YR,
AEERREX KB HKE, ERAIMIER EEREFOBEAREKS. Bl
AZEFE S P BN — SR A B TET B, FERE TN . XFHEKTELAS
LK RTLIMHR DR B —AN .
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s PN 2T A9

¢ MURESUKRE

BB, MIMF—RF=aNERTERARERGA—HIIREN, RERD
B, XREATLUXBIEE. LRAMBR. AENETEEMHERTR, EIHLHR
JE B FE R BB IE AL S AL E B Sh BERIFI T LU MR BB AL i S B D e v
FOERYE. ATAZRBPRIZA SR AR BUBH. THRA B B 2T ae
HAEEWETLY L, HE=RAFE ZHRENEYE, TUFH, TAHFHAR
WRERER &R 1 EAB AR,

1.3 BASGR MR B R A RERTIAAE

1.3.1 BAAMFHR B KR EPFRER HE

U, TAILRERBETEYNRRE, EhFREEXTRBHERERK
R, FEERFS ARG A,

a WEASGE MR ERRBTREAEEA

IF R ITLL AN LR 5 I S B R S i B A ™ S IR AL AME ST S B B AR, TLLEIS &%
Fhgu KT AP A RRACR A B B MR A AMES AR, B AR5 Eae% LBy
8. B R BT £ SR 5 P S S0 R R RN A 1)

b MAKBLIM EREIENTIRERN RN

P Bk 2 MR AR TR E 4 AP AR ENLE TR R R NAIKZ A58
REEEST AR, ATIABIRBR IS R XAN A ERE, BREREEHENA
HEIR—RIEDERNEROARS . FIUE R H KT LI R E R RE LS R
SHATFAM, ¥atd—elReEm, Ba, RERMAEELEXTE, FEES
WIEF M 5T IR AR
132 A RBEHHANE

WX K ERE TASMEE LB R BRI AR TR, AREREE
DA SRR B, XHRAAMRER BRHE T L HHATH R

(1) B EFEBERARTLIMNE, B S FPORT LI R R AR 2 BUR M,
EHRALFHBETY, UERETHERERIENTEIIMEH R,

(2) BT AMREE BRI e R R AT IR AR R

(3) IHTASMEBE BB AR A SR AR VIR R BT IR 5T,

12



AN BRI R 5 TFR

2 YKRTASNE EBERI D BT
2.1 GRBHE 7 BBOR B R 2Rl

2.1.1 G9R0RHA 7= Az B 2R IR R A SR R 434

AMB HTRTFRTEATHKRESL, HHAEETRIBN. DRI,
REBNEMERETREERN, #TRANLASHEOMER, ARRNEEE. BEH
KPR A B T—AK B A R BB TR RS RE S = E B R,

SIEAKBAEARNRERS, FRNENFTE—SHR. BABERFERZUT
JUANT5 TE B9

a A TES. 8. BREAFERNETIEPNARMER, EHRETFHHETH
R 2% REAN 2 T 38R BAR B A 3R A5

b TR EFRENN., BARBENFTRTOMHERS, SR EdR
Y A A LA PR A 1 A S R 7 2 5

¢ HTFHRHTHERERER, FZE5FSEEMAFEME, R5HRM<I4E.
AR E MR, MkEFRROREER, SERESER:

d EHER I RTREMB AR RALT T, R RREE M, BBk R R

- ERFFAZ.

FEE R BB AORAL T AT 2 R e, DRI R . BriEm AR
TER TR BARN FUP 4 B AT AR MBHER I AKERE, TEAEEN. #
B R4 BUBRL IR AL 3 DB, IR RIEHE R E SN IR B 1R R P TG AL i
w, ERRERERENZEIRECRABEBRFRARNERE. BARLREIIRIE
PRI, EBRRRARRNRERD BOVBANIBRL, 585E (b2 1R (RUER A BB W A P
REFRGINB I/ R\ BT EORR, W04 WE Y BAE

BEHRZTAS RSB AFEMEGEMEE, —BEEHSHEKT, TENME—
T ARBORAER PR A B B L R B3
2.1.2 BEBBRBOTE

a YIE I EED

1) DU 48

BHEBNARRELNDHELS L, ETERMEBSNF Y S E HEIEE,
RRTENFP RS PBE—FTE. Lk, XE-MEEERMS IR, RET
XABEREITT, TSHEERAYRAWE. L REL U RN —RTIL
FRNRIEE S B K, XXAHERINEIRZ AU FE RN, X e .
VU U R ARG E . RIAEL 8. BB DELH. mEdHsy

13



BRVERHE R 2 247 18 3C

B, BT, REBRNERROEHESTENERN, BREIWEYE
BRRPEERABRIE S, A BIURR A BT IR IR A A B

2) MEHESE

BEER, FRFETSBMHARIEEERK. BUEEFRMEHESFONHAETERET
B 7 I BV R 3 OHE B o 7 U R TR T B 20~10°kHz FOBUAR I8, B0 — 40 0 1500
m/s, FKA 10~0.0lcm. BR, BFEEMIBEKEXRTFSFRT, HHEREASREE
BT, TREDXSFRABEFENYRERYHYTH, Wil2FREHA
FACHE R B A B ke B AT T R MR, A3 BRI B

3) B EE:

BEFA R B BRI, TREE MEERTER, ZEHKMRIRETEFE
R, WMREESE, FHESEMYREENZRMNEME, SPKRMRE S G
NGB EK. B TEERE. RID6. Wi, EETFRHEES, F9RERH
RE W= EEE S

b HFESE

2o R T AR Z NA N — MR ER AN B k. LR EETETRNE
AP IMATH RN, REEER (I2HAEFE. HETFREAEETR) FHE
BRLRERBY, BORRRRE MR, TSR T B S BAEA B BRSOk IR ) 4R
HER, SBBRSE. BEXHAUTZMIEEN SR 20,

1) #miaeilsl (DLVO #iR)

EBEA TP, B FSEB pH ERIMA— BB AT EERBAIR (0N R
M. S, THRE . FERMS), MK PR RA S E MR T LRk fis
FnE 3-2, NTERBES S, HRFREEN=AHFER, MIEBRRE, LA
T

+ - -7+ +
- ++t_ 44 -
+ 4 e, + o+
— ++ -+ + _
- + 7 +

+ + 4 -

21 HeETER
Fig2-1 Schematic model of electrostatic stabilization

2) ez A REE LA

14



WA SR B ARE MR A S TR

HATREYRMEN BB MRE L, BR—E&2 TRFE, BE T 2808,
ERAKER M EAKS, HREF—ERE, X—REMKTPHFRBETHER, &
THEENKHEEEM, ATIESBERBURRE.

B 22 ZEMiiER 7 &H
Fig2-2 Schematic model of steric stabilization

3) B ERENH

RN, RAEMERD ST RED B EEEN IR &FERN. 5K
RO RO ORI P E ML R I i, E— 3 pH TR A AT, SN T AURR A 9
e, RABRIEKTEFE, RN®ESFRREHEEM.

¢ RIE{LF B

B AKRLRE GO BRI BT RN, KRR RE SRS, &
FFREMIEME K, FRAGKBRMHRILZEN. BERmER, TR REL
MK TSRS & BRMNA, SRMRARE, Hl&HREHRNAKER, B4
REBWRE, BERESTENEFIENNGS FRES B EE, XA TRRERS
EHIEEHEKR. SAHSKAKRBRANELTREEME. KBEA2AHTR=5:

1D AR

BRI R AEFHEEMNYIR, HoFPir—Ho R a5k RS e geH
RBE, FRGBAE NN ERE, H—HrEATSHENERYRER LN R MR E
ggk, FELHERSEIERY S FZRFERBRHRIDEHNSTH, BHMERER
RREMEERGEEER. SBBACEERRE, B0 THEASHER, Y
BT K BRAEE A P AR, FHABF S BEREAT, BATHEHR
B, NTTEEHRNEEERR, BHRHKIRE., MHRE. FUEMRHEE. %
HUZELEHTT 3R

OERBEKF: M TFROAFRENTNAKRETRER, HEWERXN: Y-
(CH,CHy) o-Si-X3, n —fh 2~3, HP Y AHIEREA, XERERRT LEGHMRHE
HH.

QORRRERER: XS BVBRE RIFREERR. — B2 ANKR: BHEER,
BAR, MR, EER., HRERE. FREETRE.
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BR PR RS B2 13T

GHERRESBEF: HA2EARN: (CH;0) xA1 (OCOR) m (OCORCOOR) n
(PAB) y, ¥, m+n+x=3, Y=0~2, ¥RAMBBKAE: SHEREEREN. BKEE
BB, F BB, ERmRAEENE,

2) REFEBHMEE

FIRGR AL R EE 57 RNFVL YR8, AR EIERL
&Y, BEENZELEYEFTIA TP ROTENYE, BEERAKRFERINA TP RIS
XA A= RR.

OREHSREERFPHATE: BAESIRFERTERE SRR, TN
GOKRLFRE R E HERR, FE0TFHESTNAKR FREAEER, ST
REMBER. EXFHEHAOFREEE W, XHUREUEBHBHTE, SRBREGHXK
HFRAIER.

QPR RERESEKERE: BEETIAAERATEENTHR FRERFHERS,
BREK, TR TRARES FER, BRERE. Michi $29H T EE5[ R TN FE
HREZE AR, FFIRMEEMARRAETHEG FREFEERE, HUARIRR
HERMEREY.

OFBERE: BdAKEFRENTRALSHS THERRNSHER, HER
REBRMETHTES, MEFH. BEECOSHZHEZ ZEERRX ALO;-Si02-TiO,
BT RO " ZFEE=ZEERFES Z28EEHRRANRERNITS S THER
M, BEAEEREREERE LR GEEE, EAKK,.

3) ML

ERENY SRR NARA BRI . FIBS R R R TSR R E S 1, BEEKRE
R K B R R SR BUK MR, XMREDENSIEESFENAS+2E
Fen, Bk )R N R S i, 3 TR E A SR M P R PR F BE R Bl SiO;. Fey0ss
TiOz+ ALOs+ Fe;04v ZnO F1 Mny03 %, hAb, RANKH T 0 7] A BRAL AT R B 16 .
2.1.3 |RESHENRZ

a EFSERS B

23 BRI 3R A 4 B A BURLAE WA P 2 U IR AU A K SRR 23 BRI R BRT
SA=: THHEMER. XREFERNRNEIERDE.

1) THLHERR SR

BRifEAREZHEN MR I EGRBREL. BRE, B, SHENRNRES,
Hosesl @y aieEit, FRRTETREAR GBEREK &, El%5E
WEANFEERENEE. SHEAIXEMRTFRENEENZEZET /RO, N
R RESBERATEL AN EW pH 4, MINRFHRHER, MRErzmmaLE

i6



WA BREM RO RS TFR

FFs BUIMA— LN B AR T, 3K L6 F S5 PR 7 A B B X K ok 7= A e R IR Y
RN LIE RS A, WREMBE3T, PRFREEN=4HFEM, Bk
BERE, LR THEC. KRICKRAANRHRPESKTLINE SRR
¥ N 0p g €l

2) REFEHER

AERE TR, AEFRMNEE FRREEER. W58 e FREE K
— B FIHA SR R B A, JF BAERRRRTEIR Sy, WD BHERM S LR =%
RPN . HABIER EERI N N TR EEEEERN RS Lo, HRmEHER
MREEXREE,

AEFR, W+ EEHERY, ERERNE: AT EERKMNFHERR
EEWESR, BERENFPESEG: AEEFE, mMRFEIKE. RO, BAMH
Bifl. FRAYEFE., Span (FIHL) K. Tween (M) K%,

A EETHTFERNEGEHRE MR G EIBFRSE, ENER, S
SEFGEAS LSS AN, AJRE5IRER. Fit, £FERSBRSHRN, BaNEAR
InEAfEEl,

3) FIREY

ﬁﬂ%%%ﬁﬁﬁ?ﬂigﬁiﬁﬂiﬁkﬁﬁ?'ﬂmgﬁﬁxiﬁﬂﬂ'i‘l'ﬂ?fzlﬁf’ﬁf-ﬁ, X
pH ERARRINZREF AR, SERENRT, TRERGS

© EEH 23 8] 7 FELAS 2 ML HIEAT 2 Hen. ﬁﬁéﬂ*ﬁﬁﬁﬁwmﬂ%m%%ﬂ%
MESYH TR, FHSKNBRRFECEENPEERAMERN, WULRFHDT
BAERTAZE TR, P800 3 5 R 7E R T Y AR R R I 7= 42 58 K 1 2 (8]
RN, R BIBE N — R R B TR R R SR BT A B AT iR B—K
RETRNEIERY, AMUAETESR R % 5T b B 258 X 0 2 ) AL FEAE A,
TERAHTREAMAEE, NTFEERKNEESHEFIER, BREEFN
DR 9, FHIEEDRS BRI ENAREKPREFIA TP HAER.

EREEBR B RIEERTF MR, 1R % 58 LU A e,

WNRERFFED. SRR,

QE—ELHT, REZAGRAEFREERLM5850, BB FRBFA,
fERLF TR 553 #

QRS BAIN, BEFEEAR pH EXHRLF o HIER N, W% pH E8TEE X
EBERI 5 B

WENTHL2EERMIBRT, (NEMA IR E AT 8 # 85 M2 EGH B AT
1, BEFREST oGNS F RGN, TR AL RN S ORL #3554 B
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B PR B K %80 1A 8 3

b EFEEERYM S BT E

I T A& DU 2 B VR A B 4 ORISR kL T R 4y RUME R B AL . HLAT
BV B EEEE RS, RENSBNEEINAEE. RRRXHARE
BIUIA L, ERWMRRMERE, FIRARMLBK, AL
BATOHEL AR R EAR.
2.14 S EBRRE

SRR RIS BER AR FIIR/PMIRFEKPHREE. SEMIEEER
M5 VERT LU R AR A & 4y i R IF. AR, HEFRGRRARERFEMM TS
1S BT, QKRBEL5 NSRS, SERRORNERER -G
2, (BEHE BN A vEEER T LR

a BB

YR RL TR 23 A BB R /R UK R AT B EEFRHR

FLE AT LR B RO 5 40 5 R B B LTI RRYE . BB AR T, ST
MR, BOLKNE . BaTlE AN BOLKRE ke, HNERER. BE
th, EEMHE. TUROARTEET . SETIHEEMNE. FdxTRKREAR, TR
A& EMRBEFBRREB TR ER. KEGHR RN 7T 8 5
SHUE SRR BB R AR

BFEHATEER. BHETFEME (TEM), BiEHETEME (SEM), BTH
- BHAHT (EPMA) FIE#ES EFEMS (STEM). MAR: FHERUZLAR
R RS PETBER ST ATREMENRESAREW: TTRNFAMERES.
HEMSES. XRRBEET: SEMKER, MIERBEARE, NBRIETZR, Fh
FEBER. EAMMNSEE TEM, XAPKFEEERTHE, 40.1nm. X TFHXHE
HEBRMSEBE, FHH. FRERRIOIE S ERAE N ENENBEEES
H.

b YU

B—EENMEETRERED, WA—EFBRNEEK, &Y, BE—ENEE,
EERE N TTRER A AREE LEFBAAR, BdERRNA/PEREEFRER
BIRANTT S R R BT 3R . RGO e P B U AT, DTRRARRRELD, FFESE
T BB IR M FE 518, BRI UL b LT T R IK ISR A (LE 2-3 (a),
LEBBAERD. mBRTHMBEALE, VAR LEHRREREX, 8FKS
FERBRER—ERE EEWARE (LE2-3 (b) M ().
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AT BAREA RO 5 TFR

B 2-3 5K A I
Fig2-3 the Sedimentation of Disperse System

¢ HaEERsE

FERE N E B BB F W B 4 IR 5. KRB A—F 4 BRI S ER
EREETREREEIBAMREENRR. DHRFHMBEAER, HTFHTFRBEERETEN
PRGN, BAERIMBIERABEZEITI, XREHRFRTSMEEE, FHEFRAKS
B MR, RFSEERE, WBAERSNTREES D, HMERE. Hit,
PRSI E 4 AR BORERE, FHtTHBRMERSR.

d Zeta AL

¥ Zeta HAALEKH, BURLREXUARZZIBIHIF AR TR Z B #510, XrkorHok
REBIFHREN: X Zeta ALESH AR, BRLZBIHSIHRTNREZEKF,
XN ARTHBRR SR EARTIF. Zeta AAE N #IMEBE. EHRBARRMH
FIg o EctEgeRT, ATEARFKSBFRERT, EAFEK pH AT WER Zeta HfL, Zeta
R e U 43 B R A

W Zeta AR EEEFE R pH E, MR Zeta AL SR pH. 2 AUHIKE
B, MM E LS RERE B X Ao,

2.2 R
2.2.1 R FHALER

& 2-1 KB KA
Tab2-1 Experimental agents
W2 5 o . .
PARTLA R AHHE 40nm WA IETCHRM R TIEE R A F
ANmBREH (SHMP) v RiERRUERF
RERAEEM (CMCNa) 5T 800~1200 REHELTHRAR

niR-80 &2 R FERAR =

19



BRPERLE K248 3C

T E R (LAS) 4 ikl ge vl
®Z_M (PEG) &2 MEEBME
RREBE (PAM) 25t [kl A=l
A 22 XBHE
Tab2-2 Experimental Equipment
e A iR EPETK
B R BS22028 AR ESRHRFERAF
HH T BHEE KYKY1000B RS
BB A FLALAL FW200 FLOUK AN R 2 7
HeHE RS v NDJ-1 LEaHENET
b i H-600 HAHLAH
PHS-25 B &7t pHs25 ot IR E T

222 PKTLASE BB DB E A

a SERMERLEE

KRS B BRI WBERM (SHMP). RFERFEEDN (CMCNa). + i
FTAM (SDBS). BZ 8 (PEG) FlHiE-80 M SOmLSY%AN KT 450 & K&
BEIBEARS, Ll 14000rpm HIFEBI VIS 20min, HU 10mL B2 H & 4h, MATTFE
B,

b 4 EE M

0.25g SHMP JIIA 50mL5%44 Km0 ShE &M KBRS, Bl 14000rpm K%
H 4801 Smin. 10min. 20min. 40min. 60min. BJ¥)J5 KSR EE 10mL AR E S
BE, S 27hUEILR 1 KEERFHRINEE, EZREERRSRENLAEE K
F4r % (stable volume point) .

¢ Zeta HLAZ-pH EHIX R

B A BEAA T BRI AR PR Z B FEDRIKA, B REFE
& Zeta BAMKPMHERET T L M. X Zeta BARKE, BREREXBEZEZBHF
HARFBRZ MG, X oEERE RN e, WAL Zeta B pH HNE
ALBIAT T pH (X AL AW, WTTVIS B e B 1) pH . 2351 R AR i 2
FIRIFE S, BRI H MBS IE Zeta AL, F# HCI A NaOH ##45 pH 1H, R
B pH-E #iZR.

d SFEFRAEERNTE

4+ 5IB 0.05g+ 0.1g. 0.15g. 0.2g i1 SHMP ] 50mL F1EK F 4K IR AC B R B

(0.1%, 0.2%, 0.3%, 0.4%) KRB, A 2.5g SKTASNE A8k, #EFET pH

20



TS RREMEHIBFA S TR

/5, LA 14000rpm HIEEBIVIRAES BT (R]. BIEBINIRE SHE. Zeta ALK R
M &R RS S e RES A E.

e BIVIERMIERE

0.1g SHMP BN 50mL5%AKIT AR A8 KA, 43 5ILL 300, 6000,
14000, 20000rpm KI¥4EBIY] 40min. BIVIEHIEBEY 10mL A REL#HE,
24h MEEFR 1| KIRERIF R E.
2.2.3 PKREAIE ST BERIE

WAEK 222 HEHBHNSBER, 2WBEERHABAHLAREHBEEM
KYKY1000B ##ifF BB RIEA KT A SN S84 2 BOR UL K 53 BB F 21 8 B AR
JE 5 BURBL o

2.3 R 518

2.3.1 SRR FIK T A AR b B R
£ 23 TR GHA MR R H ok
Tab2-3 Effect of different surfactants on the dispersion system

BERAR b EULRAE | h B ARAH
e Al o

(mL) (mL) (%)
1 NP (SHMP) 10 0.5 95
2 RPETHEEHN (CMC-Na) 10 1.1 89
3 + iR E KT (SDBS) 10 1.3 87
4 ®Z_® (PEG) 10 22 78
5 H-iR-80 10 1.6 84
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RS RHE R F B AR X

100%

80%

60% 1]

0% |8

Ry R F BT up

20%

0%

1 AREEEES (SHMP), 2 REPEAEZM (CMC-Na), 3 + 4 X% (SDBS), 4
Z.—B (PEG), 5n:i8-80

B 2-4 RRI-HA TR LS TR MM R B b bR B
Fig2-4 Graph of dispersion effect with different surfactants

0 0" Na'0 0" Na’

0" Na*0 0" Na'0
B 2-5 N IRBERRAAI L FE S
Fig2-5 Chemical Structure of SHMP

FRRASRBERY (SHMP), REBAEES (CMC-Na). + ZHBEXHRHN
(SDBS). EZ ZE (PEG) FnLif-80 MAF#H, 2idmE VI8 2MgKzast
e &FEAR 24h FUIRERARS AR 0.5mLy 1.ImL. 1.3mL. 22mL. 1.6mL,
Wk 2-3 ME 2-4 HARE. dHEATL: LEJLF2EGR T, SHMP M43 8RBT .
HFRE T SHMP 2 —F4r FEHAFRMRBHRBERA T, URREIHESHKT
AR EMBESBIEREE. ARTLUSNTERBEEKPEFFERS, SHMP 2 F&
KPHEE, 6 MARNERFSHRTANESRENRE R AHERNE
HEA, PARBZINEHERMER, W\M#ERE—0—H BB, XMHEIERE
8 SHMP EG KA SN E EMBHIRERT —H FERFBR, BETAHRTLINE S
AR FRIRERE, MMEXREXIERFRMEAR, E—eBELETaHEER.
HUAS S % SHMP A GPKm 450 B &4 AR 1E K HP B9 23 LR



TS R RBEM B RESH R

2.3.2 7 HON T X 43 B A R e
A 2-4 SHTRE B XA ARSI (%)
Tab2-4 Stable volume point with different dispersing time

R () S8 1E) (min)
5 10 20 40 60
24 76.8 86.5 92.8 v 94.0 80.7
48 72.4 843 91.6 92.6 88.3
72 65.7 82.0 91.2 92.4 874

SRFIRR AN 0.2%, pH EX 9 &, BIYIS 8RR 6] (9 BIF M2 58 F 24h. 48h.
A 72h EHRR AR BINR 2-4 FiR. HE 2-4 A4 TR E 24h, 48h, TR
72h, 4 OB AR R M 0 A B BY U0 S0 (6 B 38 n SR R 3 An, 40min RS E M IA B B
R EREEBTIR RS SEEK, ANREERTEHRS . XTELRAYEE=X
14000rpm, #2584 F M0k B Rl e s, XM= 4 RPN WUEEE.
B BEER AN, RRAIIE. SR BE, FEERASMURIEE T REFHS
BRES, BR, HYAE—EMEE, BRABEREEE—S®A, B 8nR
ERPRFRAES), FEBRNENTAMA, RMNXGIES T Bk RE
KIBLR, (ERRREREEM, TTRESBEE. BB EU RN EYE A 40min £
A,
233 pH1HE Zeta HIM% R

pH {H7E 7~11 MVEE A, 27000 T REMAEH . 2EFIHER 0.1%H 02%=
FE LT GIKIT LS ZEMRN Zeta BT, 0P 2-6 FToR. BE% pH EMZEHH A, H
KBLANEERAN € FAAREEHROBEE. 4 pH>10, FEEBMIEHIR, & fimBE
PN IaHE. FIRTLSEERBERBFEEENY, ERRAGERKHT 5 R EKE,
SHMP M2 EE B H e pH AR TR, ERENFPHRELEHR, TREIH
fER. pH A 9~10 i, &R K. Fit, HIEHRKTLAIE SRR R LR
pH 9~10, /KA R P RIBAERA, RRIEE, REPKRTLIEERBEREREKR,
.38 S 7S D B8 PR A 92 B9 A IE I 7D 2K 25 40 1L .
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BRPEREE KA AT R

234 BESBENAE
B 2-6 40: {¥F SHMP Ri/5, GKZLSESMEIE pHEN o~10 HEAEE

48
i —a—0.0%
-0 ——0.1%
g\ﬁ' —a—0.2%
=
2 54
-~ =
8 |
@]
Q56
o]
8 i
N sl
P
_60 ! I 1 1 1
7 8 9 10 11
pH value

B 2-6 RFE) 58 A E8t pH-E Bl &
Fig2-6 pH-& with different content of dispersion

B Y. FHLAEL AR pHEHN 9, ZERANMEFHRRNER Zeta B K5E
Mo HIREERXFR. WA 2-7 & 2-8 FioR, KFEM SHMP B, SREERAD, Bk
wHRE, ez BEE SHMP AR, BFRAEHENK (LE 27, 48
et EkET. XEFENEFAYPES, S8ERFHONTERENEHES, TH
K20 R FSBEZ RBENMEMAE. MELEHEN, SRBHEAR. mpEHE
SHMP BRI, —HEEMTHRRNEE, FRFEHNERRXOFMIELS, 15
VMRS H—FHRERS TRELSARNEEEARMATRERD, FEEKX
R EEBIREER. A8 HAEN 0.1~02%2 K, AXTEANREMER
HRm B (LE 27D, SFEEERSEEIRKE (LE2-8), HHMERF.
BB RERAHERIEA, e, $EEXARMEFREO LMEHS, KRR,
WRFREGER, MFEXNYIEABESNFRE; ot BT A BTk T
MEHF, BT HEEDRER. TRSERSE - MESSER. ABRERRTR,
WHEEFEF S, BREXSER; LTRFEEREN, A SRR, N
EoBEk RO EERR. HIEFEEERE SHMP EHKTLASE SR AR E K2 AL
M, SEFdEr, —TEERTRAMFENEE, ERRFHFISTE, F#HESH
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AL S B RIEA R BT A 5 TR

FEREMAKTLII R ERBRERTIFNHERF F, NTTEERESBIFR, RiTER
MARERZC; FH—HHREFEEAERSEREREERT WA, FYXREE
HRIRIREE, REKAAFEE, REMEKER MRROEEEZELFEREENF
PRI 53 F T A8 AR R BEE 1 T s,

180
160
140
120
100
80
60
40
20

1 4
1-Zeta potential
2-Viscosity

-58

Zeta potential(mv)
Viscosity(cPa.s)

P B BTN DU N T

1
(=}

-60 e 1 P i I ] 1 i A _20
-0.1 0.0 0.1 0.2 0.3 0.4 0.5

Content of SHMP (%)

B 2-7 S RHAEE Zeta Bl EG BB L

Fig 2-7 Curve of Zeta/viscosity versus content of dispersion

100
I/.\-

[ s
80

60

40

20
L

0oF

Stable volume point(%)

A1 1 4 i 2 1

o1 00 01 0z o3 04 os
Content of SHMP(%)

B 2-8 A A A EFRRBZ G Rt &
Fig2-8 The relationship between content of dispersant and stability
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BRPURL B A 224 123

A 25 FRASHMAFHAEREARIHK (%)
Tab2-5 Stable volume point with different content of dispersants

SRR (%)

R E 1] (h)
0.0 0.1 0.2 0.4 0.6
24 521 87.5 89.2 85.4 80.5
48 3.28 87.1 88.4 843 794
72 2.19 86.4 87.6 84.1 785

HE 3-5 WA F HERFRBE R % 24h, 48h, TR 72h, SEFFEMEELE 0.1~
02%Z AR, HRMBEGRSEERE. HLBEYH, SHMP MREHENE 0.1~0.2%
2, BERHMARSBBCREYE, TMELRESELATFEEEEET EMH#T.

2.3.5 BROMBINKTOIE SRENHSERER
a BH B

B 2-9 RGIKTLASME S AN BARRTE 50000 (5 ESTE T ABMENRE. B
a) M b) SHIATRIMABGMAR N SHMP /5, SREB)48E sk T8 S8k
BRLEI A BORGL. NE ST ELRT A8 4m: R0 SHMP MG KT 44N S ik ik R
ZEENVE, REFEBRKKBRE b); A SHMP Hg9KT L5 E 28 k4 ik
%, Z0EENYEREHERTR, BANSMSIBEKERT.

a) A SHMP B b) A4 SHMP

B 2-9 SRR 69 S AR A
Fig2-9 The multimedia pictures of dispersion system

b H# B F B
AR _HERIBBENRKZINEERAREREBEES. FA
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TSN BREME TR S TR

KYKY1000B H#iFEMRMABNKR TSI EEMBEEESA LS EHE. HE
2-10a) b) EBEAMAEATEXLATA: S4KTLUHRENERERLEENEERE
T DA R A7 4 54 BR 1) 2835 5) 4 BGE 40/ RRL, B REARERIAZR, Bk S 4 E E i
getE—R, RRELRAHEN TEAG THBMAKELI T ENEBERNA TE
HEBEMREERMNRIEEE T &0t

; o000 ZaKY Xi. 3B um 3 0aBB1 20KV ®1
a) I b) #EJF
B 2-10 $2HTH/E 4 SEM
Fig 2-10 SEM of insole before and after finished

24 KEPG

(1) GeKTLANE EMERI B EREME L REBCR R 2 BHRME. 28
el I ER pH EHREMIKTLINRERESHARNEERE;

) TEAHRS 84T, SHMP BRAKITLSNE S A K EBIZ WA Mo & 1
I 4 5% BT KT A4 R A A BIZH, SHMP BN 0.1~0.2%, pH {Eh 9~
10;

Q) BHTTRRKRHSERY, WAERER —MEXMBREART R BBk
VU638 N 3 B 7E 14000rpm, BY L) EF (8] &7 40min.
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BRVERH R -7 A8 3

3 WAL AR R

REX TSN TN RR REHIE BT, TLASNHLA I BE BB RO R
TASG LR BEBOT, Tl T —FEFRAIMRERE SR,

3.1 BB HE R

3.1.1 PRI SMR BRI
ARTLSPRBE R TSGR R PR LB RER MR, BHERRETasg

LB K. RIETRMRER R EAEE, TLBTUT R

N BE BRAE IE % 1A18.36.5 C I AUSE S R 5098, T Ak kAT R E, BET
BARRR L, FAT P AR RO T BT

IR B R, BHANBKEREBEKR EATHEERENERETESR,

Bf:
A, T=k (3-1)

K=2897 (um *k)

B AR RIIE S AR 436.5°C, BEIHAT BUEL A 1A B2 BB 5 i 8k i 4 Am
=9.3603pm, XMW T AN FA=9.3603umMIZ IR B B R. FILEFEMHKTL
SR ERERBERFLAERT, R HIE = 9.3603umP T FIYR, XIEHKSTAL
B BRAE S e (I AU RS, TR TR M

AR5 i — /R 25 8 S 7, YDA T )4 6 B 3 P 5 4 oL S I D R 5 R IF
5k iiEst BRIEL, 8.

W = goT* (3-2)

0=5.668x107 (W/em? * K*)

WER AR, FHAKTE.SC HEEFBEEEEA: 5.0983X10°wem?. BEfFH
KZAS AR RER RS, HEHEEFEERNER. RRESEEEENREE
PR, —MRERENBERARXAYE, H—FHEREWANER. BRI, —
IR IRBYENERERAEEN, FAHRMREANEEKEEEME, AR
B 8718 (IR Y 2 28-33°C . BRE R FI 4R 4T SRR AT B K MG 4L S 4 2 18 i FLAE S 8
BEFENEERR.

F5h, WAKTLIM TR, EREALABEARN—NEXNER. RAKF
SYFBH T ERFERBEN, FNEE—BKERRNESR, FNES —EKE
BErENE, Hik, BEid#T/LRME R, TUEEENRENEKEET X,
ANEREBRIB MR LA LB K EE B RERT .
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WA S EE B R EOBF A S TP R

i P BRI, TTRAR KBS AR B M B AR YR A -

a BEREEFRILAEE R TRBE S A R AR 5T 1 5% K AR TR 4K m 405
Wik,

b EREHERTHRAPARELIMNG, URSHEREETE.
3.1.2 eREBASM R LR

R LA GOK B LI R FEK BT, REEFEDRETHKRMHEIEER
AFEFRARKTAINE ERE. KAKTASEENEN EERSREBENY, W:
MgO. ZnO. ALO3. ZtO,. Si0%, FHAMMPARTLIEEMBHEERENEER
Yy, EEXIMgO. ZnOFMLL G BFAT AT, FH BEARBLLSM G BT R
¥, WTLLEH, MgO ZnOHIWR IS ZRZER LA, H P MgOK R I 7E6.7-8um.
8.7-10pm. K12.5pumPl L, ZnOMIMR Mg RATET. lum, 8.3 -10pm K 15umbl L, FF&EE
BT E AN M, SABROIERTIL, TURRELIEEMEL. 5
MEGKIBLON R EMAERR IR S B, HBNFA7% A L, W EHFKIENE—
QO iH

MNETFAE LRER, FRTANEERBTREE RRLFERG, MEEd, &
LB BRETEBMA KIS .
3.1.3 HEEEMINEE

B T 40 B A B KR LS A BRI A B2 K 2 8 R A AT ¥ T % BV AR BR
ERIR . % RBI# BT R BRI —SF B A ROESR, E# T afmERAENEM,
itk BR3-1,

R 3-1 $E2AHGNE

Tab3-1 specification of shoe lining

LERME (tex) #FE (#/10cm)
he  EH = " " FE ()

1 100%## 20 16 128 60 160

3.1.4 HiEFIMLE

BT E A GURE LS E SR A TN EALY, BRAETK, BRERELER
GRS LMEERY, BERFEFABENEESSAREELEEREK,

WEFARBENES TYR, ARERETR REFHPPRTLIEERE
MEMEREFERK IR HEEFREN . HEFREHE, LRIERNTAEH,
WE N, TR ER, EAFRRMLEREN, WEBLEARIRKR. B, FH0H.
BEFEHER, BARZE, TNETKNEIER.

BT EAEFERARL, REZATMNESLTHERA T EFHENTERE .
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BRPERIB KPP R X

XA TR AR EET, SRMOMRBERE, FRERK, WELOREF. KA
XFRE RE AR BRI MR AKRT LS R SREHEES AR L, FHEF
BUAEZE KK,

3.2 AR L

BT 26 E EREWERE RN, BIngKTL/RERE. F
HHAMAMENIAERE, NEETZE2F T AMNEE, BEnFfAENEdEE
BIZRToNG RFHERE, EREELRERER,

—fRE, TSR —FHERPKTLSEERETENN, 5EWES
B, EXAETTERADNFR, NAERRARXFERE: H—75H, BERI%
BRI PHREEN, REXAEZLIE, FRAKERE, IR IMBIHIRE.

WL EX R TEZHER, BREHERETZ,

3.2.1 REARL AR

A 32 KB%HH
Tab3-2 Experimental material
Papt i el
HSEEMBRARA - BMARZELFRAR
K EaIE SR & 40nm WWRIETHRME TEBRA A
ANwEERA (SHMP) Srifra R R RA
ENTERS &5 TYLC-68769 BHE S THRAR
A 33 XBNB
Tab3-3 Experimental equipments
NEEH S B 5 HFE K
HFRF BS22028 IR EZMRFERAF
BT pHs-25 LT
AREFIEE - KEhEBRH A F
BT RA 202-2 IHREEBEZ
=R AR AR A MS6530 EHIH N ER A E]
A AR E Bl Bevti Rl E K
B EhFRNREREEAY YG (B) 022D LA HRA R EERAE

322 RBRAE
PETEMEENG, RTESCERESEEFNMNAE. SEEFNHAEBNELEE

30



AN BRI ST R

B RET R F R AETFERENRPRTASTERB R ETMAR.
AT BB EXRMARKAR, REEZRR N T EETHRAL R
a BERNEE
GRFEMKTANZERFERABEHETHEXHNMEROEH, HEERKT
RINK3-4.
£3-4 BEAKE R
Table 3-4 design of factor and level

K
HE
1 2 3 4
HREASEERBEEER (A (%) 25 5 7.5 10
HEAEE B) (%) 5 10 15 20

—RORUE, IERXRMERKEREFRRAFB D AR BERNERR. BEEEE
B, BRIERZRLs (40 Hitt, BEiRBEFNLES-S.

£3-5 KB FHA
Table 3-5 Experimental condition table
RS A B HEKF GREEH
1 1 1 A B
2 1 2 A B
3 1 3 A, B;
4 1 4 A, By
5 2 1 A, B
6 2 2 Ay B
7 2 3 A, B;
8 2 4 Ay By
9 3 1 A; B
10 3 2 A; B,
11 3 3 A; B;
12 3 4 A; By
13 4 1 A; B
14 4 2 Ay B,
15 4 3 Ay Bj
16 4 4 Ay By
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BR PR A B R AR T

b BETENHE

B BB MAE0°C-90°CH, BB ARMER, SHNMRCLEXTIEX, X
BN ET, BEIR TIEAS LRSI, AR X B A AT R

BHETZRAAENL—B/—EILZ, BERABNBERYD, RMRE, LkE
ERMBEM, REEICELRT, BELISOCTEMINH, FHEFASRERM,
BT EEEEER L. BBTEUT:

B GRASBEB) —HT (BIHLE 75%) -HtF (90°C, 20min) —&54 (150
‘C, 3min) .

¢ WA F %

1) FREEHHIR

RTUASIE S ARER LB MR, TREER, WHREER. EFEzy
SRR RRBRYE IR v, BVRBA 5V B 40 SR AU R

WAL GBI RE LI F R FIF H R KA HE R # & R S UR S, TR
N B R RS R T 80 A B CE AE G R B R « B H S R R IR B R
AR 2R SR 5 (EX — T VA & T JURRIE £ S e A A 4408 5 TR 4 B iR T
Ro AXSHZHRBRFEERAFMHFA T RN A YEF EEE. WHES
g, A AR IR E T

100cm

1—$ T A 2— iR LSRR 3 —iR SN K AT
B3-1 BANXTER
1—shoe lining;2—Far-infrared thermodetector;3—Far-infrared sending light

Fig3-1 Figure of temperature rising test

WA KA BE25CE2°CBHE65% 5%,

MRS R RR AL

WA T7 e

1) EE—H/PHEBI B 10cm X 10cm K /N & R 4F AR T HFIAE 2.
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AT BARIE ML TR 5 FF R

2) Bl E e k2 ESR L RN BEAFREN E—8 RN A ma T,

3) RFLLAMT UK B 72 BE IRFE P 025 emA, 20 408 A B & 20 R RERT 7 B 1 5
FERIE J5 BB A 3- 1B 7w

4) FTITALSMT , RIERAMMB LR P R LR BT A S EER AP 13 B A
AHEMN 25CHE 50°CHr AR e E) .

2) PR B

QYIIRIRYE, BROAYMTSRIERZRE. SWIKHILs iy muReh g
1, ATERIEE . FUEHIREF FARFEOAE R E—RKE . RIFERAETERE,
HRRARIE 5T I R 3 25 g ) SR

BHATE WM RIREM T EERS, HPERRNTEERAMEE, HiARE
BRE—ERTHEWRKREENBE R, RIEHTHE, AT MK,
THNIESNEEEER, EASWRIRER.

THKEESE L ETRMEENRY . AR ERT AA NN SRIERNI AR,
EHKERERK, FRSAYBERTASSH. SRR AN TENSYTAEN
PIERIRE. ZHRIEBRK, RRFYHRIFE. THRNEHESYEETRL, ERESH
VBRI =R . DRAYEEH=KTRESHRIE, TRENSHEEE, SR
WHARS MR R BRI R R . IR ERERK, RRHEIRIMER
Ky PELMER, REMEEE,

W7 F

(DEFE: ZEL W EBE5 X200mm AR =4k,

QRN BRRABLHENEELETARPRE, BEEE, ETMESRETX,

O RBRIMASH, MEHAEALRTIE, FRNEERERRESRHHM
B, FE5REHE—H.

OF R IETE ) BV BEREE N TAEEE L, HREn SRR, AR
REBRES.

G RIRE FIRAERFEL, &T “TE” 8, UESBFHNEA, BIR R ERERE
AR R E W A E A 2, HAM T EnN S ma Wk, (08 E30EEN
R HBREZVHMEET, EXNERMBHKEE, BTERSKE. HBRE.

® MRTRERBPREE, & “RR” BEPXEAERAMZNALE R,

33 ZREW®

331 ARG HR
S FRARMR, BROMRFREHRENIFE kT AME Eu%ﬁT%moﬂ
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BRARHEL KW F AR SC

B, FEEMRR X R R R R EEATR, RIRERBRT R IERERIER,
T AREEIE R T IREEMERERIF IR . RRIRMERINAL RAX, REBHOHIRSRNY, X
BEN N EARITRAR, WBMERNES6 &R3-T.
£3-6 Rl FMBIRSER
Table 3-6 Test result of Hard and soft performance

o 1 2 5 (X)
B% A B% B

1 1 1 4.18
2 1 2 4.45
3 1 3 4.93
4 1 4 5.10
5 2 1 445
6 2 2 4.63
7 2 3 4.98
8 2 4 5.23
9 3 1 4,70
10 3 2 4.85
11 3 3 5.13
12 3 4 5.55
13 4 1 4.83
14 4 2 5.25
15 4 3 5.58
16 4 4 593

M;; 18.66 18.16

My; 19.29 19.18

My 2023 20.62

My 21.59 21.81

m; 467 4.54

my; 4.82 4.80

ms; 5.06 5.16

m 5.40 545

WER 0.73 0.91
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WA S BRI EKIBTR S TR

A3-TRE MBI XL R
Table 3-7 Test result of warm keeping performance
R B : 2 o
HEA % B Yy

1 1 1 969.93
2 1 2 975.21
3 1 3 980.82
4 1 4 979.33
5 2 1 920.17
6 2 2 937.25
7 2 3 941.63
8 2 4 940.15
9 3 1 920.63
10 3 2 927.18
11 3 3 930.69
12 3 4 930.15
13 4 1 918.56
14 4 2 924.63
15 4 3 928.58
16 4 4 920.15

My 3905.29 3729.29

My; 3739.20 3764.27

M;; - 3708.65 3781.72

My 3691.92 3769.78

my; 976.32 932.32

my; 934.80 941.07

ms; 927.16 945.43

mg; 922.98 942.45

% R 53.34 13.11

RPMRREFFACEEOA BRI L Mmy=My/4 A LG54 1H. AKR3-6
ALABHE SR KFEA, 2, 3, 4R RREEEKFHENR:

my=My/d= (Xi#X+X5+Xs) /4= (3.18+3.45+3.93+4.10) =4.67;

mo=My/4= (Xs+Xe+Xr+Xs) /4= (3.45+3.63+3.98+4.23) =4.82;
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BRPGBHE R FE IS8

m3=Ms1/d= (Xe+X o+ X11+X12) /4= (3.70+3.85+4.13+4.55) =5.06;

ma=My/d= (X;3+X 14+ X5+ X16) /4= (3.83+4.25+4.58+4.93) =5.40;

HEMm; G=1, 2, 3, 4 =1, 2, 3, 4, 5) ARMKS.

332 SHRENEBEAAMERAEW

- FIAR3-6. RI-THTIKTLLIN T S8 0 0 P B BRG0P B e B A U 2Rt
REBRERER, FREERRABERENTELN. B%, FAR-RITXHNHE
R EEARIRENEN, EEARE, IARTLHIEESHIEHENEW. HTARR
EHEF Y], ZFIEFKFREERWTYME, Bmpy, my, my, my, BTIZEME
X, XEHEEA (KT RERIBAR) b (RIRE) BWEX, X
BAMNEF AL, my£l, 2, 3, 45RRERMOFHE, XNKRRFARRLNIKFE,
TR EBANANKFEEHIT —IK, my, my, motlRIsE, HERAZHB2KYE, 3
KFE, KFE, MEEBAUAKFEIR—IK, Bk, my, my, my, myZEKEREE
EBE K. WEMIUURRTEREABUKTAL, Ay A3, AJFTSIRMER, MARER
B Fit, RRAMRREEREKX. FIHRRERAESHTEEBXN N Im;,, my,
my, my, HEREBTREEBKFHENERNER. AERPER, HEB REFH
) nERANRENEmRX, ATHEEEA, BIRAIAREREER, TUEELL
BiRE, REREFEFIFIMPBERESR/MEZE, .

Ry=max {M;}-min{M;} (j=12)

MFE3-6TLLEH, R=0.73, R=091, FRER> R, BAREEKKEZX5I5E
WK, WEENERRFR: BoA. HEATUBHUTER: gkzasZantm
BS5HENNARXRAERMRLEHERREBFRRMEW, BHELR0S, ¥
BRMEWREE, AERERETEREERMATMARIEX, REMRHL
ERENE,

FIF R FTEER FR3-THAT N, TUBHXEEMARBEENZNE, HRASBHE
KIRFH: A—B, BgkEasE&RERARKNE O #BEANREEFRANZA,
KA X B AREE A W, EARRREN %, BARERA LHAKE
ANESHEERNSTBREEEHBEA L, BESHNSEXNIKRTLIEERHE
AT, FEEASHEADENAR, FAEERBORERNTERKELSRE
MAEENBEETEERA L, FHHRIIHS TN HEN B &= AR R A2
K.

333 SRTANE SR EESHARRERARRBE

HFZRTHKELIE SR BARRMESHARBNE RN RL™ HHRIRER
REMFEAMEENEW, AEHERETEHFEEEHTESEERREEHE.
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WA M B RIEF R BT R S TF R

HAXNTEERM, WK3-6%, TTUEH, REAGHEBHMENMERDBLT, A
F3-THAUEH, HRASEEBHRENNEBRARE, Fit, FERHE—NBENS
ER. NRI-THITH, RBE -, HFEEB, MubttM KB L, TMy; EMMHEER
Ky My EMs 2 [BAHEE o BT UASE, HJEEAMNKTFIZAKF2H, #HEMAM
25C LA ZS0°CHR B [El> T41.5280, BMREBHEB R TR AMER, BMKFE2ZEH
K3, kD 7.64%8, BHKFAR, RIBHEZWED. BT —TFTR3-6, RIAEE
AMKFIZR A K20, RIFUE L&, BEHLARBRIEE, BENKTE3, KF4
MRt R, RIZZRMZERBUES T, FEAT Ui ERZARUK PR BiE. BER3-THH
E25, R, RAFEBEK 2N BHEFRENE TRAMER, FYNEEBMA
B, WREENEMBRE/AKEE, BLRER’-6, REBIEEKF26, & EA4HR
FZHBRFEB/ARE, BT B HE EBEK 28 B RERNE, RIFHEHRHT,
HLBH: HEAKKEBABUKT2H, HEEMBEE=HNGEHERLT.

BT EATIRR R IRK 25 R AT, 7 LA B P & A v I B L

£3-8 Bagth kAR

Table 3-8 The best proportion of many components

|37 A =Rl
1 KB SNE S RHE 5%
2 SRR 0.2%
3 ¥EH 10%
3.4 KE/NG

() BEREREBHEEBESHRIMRESTEL: FRTLIEERES%. 73#
#10.2%. HE10%.

() TWASMNEBMMBEETZHh: BE CEAMBHEB) -5 T (BRILETS%) -t
F (90°C, 20min) —#EHE (150°C, 3min) .
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i E N T e S A

4 REPRIELIE AR hxt ik BAORRIEE M BE R W RIBF A

BRI RRPAT LI E S R RS B ) 40 B R W
HmSMEREAE, BT, AFRZBARE FEFWMKTLIE &R EHEH
Bl S%EIBIER, XERMBITEE, KNTRAKEETLIN xR A REE R

i,
4.1 RBTH
4.1.1 KRB R
A 41 Xt H
Tab4-1 Experimental material
R ik g
ALK TSR ERE 40 nm WRIETHRME THEFR AR
PLEY STRAN |y =Rp 127 60 nm BYIRMERBEERAR
KEZAY STRAN b =Rop /1% 100nm BRBRERNKMEAERAE
AiPERERAEASR - BHEREEWGRAH
NRBEH (SHMP) St REERFERA
ENTEds A7) TYLC-68769 RMERHLTHRAR
R 42 HBNE
Tab4-2 Experimental equipments
NE T4 B 5 AR
BERF BS22028 ERBEEFIHRKEERAH
Mt pHs-25 LT
SARFPELE - KAEMERBEH AR
E[225 M= MS6530 FEINTEENREBRAR
BASMNIREE =] BRI K2
4.1.2 RRAHE

B 14, 24, HAKRTUAINEEMBIEBE=ZZENERICHIR 5%IEL I EHEE,

HRUT T2 TEE.

B (BASBER) -HF GBELE 75%) —HF (90°C, 20min) —&&HE (150

C, 3min),

RATASUBERTRAERNOIR, BRARESEHE=2322c FHHHA.
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WA BRI RIS TR

42 GR5HR
HEMA=MHZASNERELEE MRS LR B, SR 41,

50
48 |

20 i i . L I i i 1 1 i 'l 4 L 3
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
JE S5 i B t/min ‘

B 4-1 RREZRLSEANABEBIH IR

Fig.4-1 temperature rising process of shoe linging material treated by different proportion complex

powders

ME 4-1 ATFEY, BHFEAEEYREE, § lmin AART OCEAL, UEH
BHRFE. A/MTREE TS, AEMNREOEEASBARBHAE, #AFEARK,
SRR BN, 2min W ZF M AT 412 0.8°C, FEERHEMEAENERNFERHE,
BARBEEER, ZNRBENEERRE: B AT —EEK, 33N AT —HE
AN, HWAREFET.

Fit, BAHRBNERIERE, AMAFREAERATEIZERT: 14 24, 34,
PHRB AT AR 1, 2* A0 ek AN E A MBI B T RUIR A T B B A {REE
teRg, B, AEREEAAMNREERBT. ik, TEH: ZUKRETHK
M TERRAFAEF QIR E G TSR AT H % B A N REE M AR BT

43 KB

B REAHARELSEEREONE S RIS B AR THERE, SRE
Bl: TASMHATRIIGE, TASMESTRE SR, MNERRT AR, ML
BB BT AT AL S B AR (R Y B A AT
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BRPERLB KSR 3T

5 ¥4 AR R LD B R

B R E T RRTLIMRR SRR T RA RIFRRENE. REATRETHEK
TR, BEX—EMHXHFRAERETAR, —8okil, SRRSHKREE)E,
—EFRAtRSREMENNZEL, —NMFHEET ZBEEE SR ERNRRIIEE,
XA HF AU ERNRMZN, HTXTEAMNER, EH#TIHBETEMRS
R 20 R REREAT T TR

5.1 REFH5H
5.1.1 R a3
£ 51 RBEE
Tab5-1 Experimental equipments
e A X g KRR
e Rl IR AN MS6530 HFONTTHENER R A
AHMRIT I 250W 2B SRR
HATRA 202-2 OHREEHEZ
BFRAESEN YG (B) 461D KU REREARERAFR
HL il R R iR L TCS2000 RN RERR AR
512 RERARE

a fREEYERENIR

PRTLASN R MBI ERARE, TREER, NHAEER. (F5£3.22
RBMBFAHENR, BRRGTEHE AR

1) B8 —H/MEBT R 10cm X 10em K /N, 16 545 A Tl I HE Ao

2) BiAREE e R L AESR b i B R A & — B R AR T NP 22

3) HGLASMT A4S AT B FEFERAE F /025 em A, LA B AXFE AL BT T o

4) AHMTHTIFRIE e T RAYMBIHEE .

SYTFFLSMTBRR 1min F JE 8 Al I8 SO ARE (L FF U 12 3%, 4L 2R 15min.

6) T 15min BRBESE, BRASMT, FHEEHE Imin BX—KEE, E5E
3 10min.

b FAHRR

£ YG (B) 461D B FRLEWB S BN LILR GB-T5453-97 WA /5 )
BAM. BMEHENRE S SR EELE S L, AT RPUERE,
FOYFHELSBMENES, RERSLARBMNES K MISYHESE (Lm’-S).
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¢ HIRGRENR
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52 R ER

5.2.1 {RERHERE
A ERRRB LRI E, ARI%14. 2888 34T T IR, K.
1#: WERMTLSMG R,
24 VNIMT AL A B B B A

a WAER
TR R RKS-2.
A52 4 HEABAERTBEA
Tab5-2 Comparative table of temperature rising result for shoe lining
if 8 (min) 1# (°C) 2# (C)
0 24.8 25.2
1 309 34.1
2 335 36.9
3 36.0 392
4 383 40.9
5 39.5 42.7
6 40.1 43.2
7 412 44.0
8 418 45.3
9 424 45.9
10 43.0 46.4
11 43.9 47.4
12 45.0 48.1
13 45.6 48.6
14 459 49.1
15 46.2 : 49.8
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Fig 5-1 Comparative figure of temperature rising result for shoe lining
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MES-1TTLAE tH, L05MT RS AR 14, 2648 BATHIFIGGIREE 7 7024.8C,
252°C, RPMBIERIE, FofsfiTa MR BamsBA RIFMIREMEA, R
BIRBS R REH A EER, FRREORELRSTNENAYFH4CES.

FIE A 5-1 Kyt ERE, TR AN ARRERERAHERHHRYPE, 1min
Bt 245 HRRER AT GRFHED M2 2.7C, 2min SIS, BERTEEK, BAEHEHE
KHK, fEHSRET 2HXPELE A RN [ R AL AMT R R R B R . 58 15min &Y,
14, 2400 AT 51 2: 21.4C. 246C.

FRRGEH R REAT T, T 248, RE/RFGY LN, —8BELHY
BEEBOR, B BEEY ERNAKEASE SR ETSHRK, SIRTLIEEH
HEEREEIMNHEES HE, RERERT X4 Y EORE T LEAKZ LS}
BEMEEHET AW, X 14K E, RBRRBESOYEEEZ N, MAHE
BHHEZNREF B A EELYESER. BERSRERT 4R BICR R R L 1#7E
AH 7 e ] A 3 P58 8 vl RO 1 5

SRR FIE ST 04T, TURRSLWT:

RIAKIT LA 5 AR 2HARE B IRBE P LR INAKZ A R AR A 1R
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MREEE R EMIER, XRBARMARTLIE N FEEERAERMRENE.

522 REHERAAMERE
a W
EAAME B AR RRNE 3h BB AR, SRR 53 iR,
£53 FRMBRAIHIAEALERTBE

Tab5-3 Comparative table of temperature rising result for shoe lining after sweat immersion

(lef) TANERARERE (C) FRENSOIMEERAFRECT)
0 252 25.2
1 34.1 336
2 36.9 35.8
3 39.2 383
4 409 40.1
5 427 41.6
6 43.2 42.5
7 44.0 433
8 453 44.1
9 45.9 44.9
10 46.4 45.6
11 474 46.4
12 48.1 47.0
13 48.6 473
14 49.1 48.0
15 49.8 48.6
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Fig 5-2 Comparative figure of temperature rising result for shoe lining after sweat immersion
W 52 fiR, TASEBAZTHREE L REN G TRER, 0L 3 /M
FRRBHLE SR B R BT e B o FPRIE, SBALSMEE B AR (IR T BEH BT T B
ERENFRAWFEASIN SHBEAZ BN SEE, NHEHEEATZLNE
Bb, HE R e AR R
b WTEE
T BLAG 24P BB A R 20 T8 50 1k, 4 50 IREWIFRE FHERE, 4RW

% 5-4 F1E 5-3 Fizs.
k54 FRBEHMEGRLIBEASALRTRA

Tab5-4 Comparative table of temperature rising result for shoe lining pre-after dry and wet scratches

::f) AR (C) FHREHER (C) BEAREE (T)
0 25.2 25.2 25.1
1 34.1 33.7 33.6
2 36.9 36.6 36.4
3 39.2 39.0 38.7
4 409 40.6 403
5 427 424 420
6 432 43.0 429
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7 44.0 439 43.6
8 453 44.9 443
9 459 45.5 45.2
10 46.4 46.1 46.0
1 474 47.0 46.6
12 48.1 475 473
13 48.6 479 415
14 49.1 48.8 482
15 49.8 495 49.0
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B5-3 FREANB R LA RIBAE

Fig 5-3 Comparative figure of temperature rising result for shoe lining pre-after dry and wet scratches
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T T2 AT LM /N B (TR, S EL7E SRR AR v A B
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Tab5-5 Mechanical performance of untreated and treated insole

% H FACHEEE B AR AE RS FHEY
¥ ) M B Wi ¥ M
FERE (mm/S) 391.8 3735 -4.67
#1345 N/mm 27.63  31.25 2696 284 -243  -9.12

MR 5-5 A4, JRELSEERFERBLEIHHEABEMELTE, HiR
BEMME R, XEEREERPHEIREER T O ERR: 55, BER
FEH MBI RARHRI FHEA —ENHRE, BRTSTELW™ RN,

DA Bl B T BT 4 MR B B AT CRIR A A EEAUAR M RE A8 2 45 AT A
R, ¥EEQSYRE RIFORBYE, FEBEN SRR EAWHYEIURIEREE
AKX, BEMEHFTEN, BRETUERZNTEEZAN. Bk, ARWKThRErEME A
RAHERE, WBEBETEFEREHE,
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(D FMPLRITLINE SR RRPE R (R M LR MAKIZ LS R SRR
FIRBEER W RIVIRE, 215mimZSMT RS ERIMARITLS R & B KR
FHELRBMARKTLSE SR AN RERRFARE32CESL, RHRMAKELIE
AR EEREGEEMRRML.

@) TLLAME B ARG HRB I AEE TRAES, ERWREAK, £iTH
RBEH R R EOEI .

@) TSR AR TRELEE, REAERBAN TR, ATRAETN
B R AR TR X B B AR A LR T S R R,
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1900 A RRE T —ANA KBRS SE TR, BRATERLAE AN
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2’5 ech/MT - 1
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BHE R E
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(6-2)

XA
Wi GEEHEREE, WemPpm™;
A B, pm;
h: SLEITTER, 6.6256x1034w-s%;
T: #3HEE, ° K;
C: %, 2.997925x10"%m-s”;
Ci: 2nhc®, F—EHHEE, 3.7415%10'W-em?;
Cy: chk, HEBHTHE, 1.43879x10'um°K;
k: BREBEH, 1.38054x10PW-S-°K;
HEERY, AN KA RSO ThZRE0 R R T3 0 i, SR 5T SR RE IR A T
=N
6.1.2 HiFEF-PUREEER
ENEBEEHF KB KEER, EHRAXRS, A5 RA R BAEN B2k
BlEEHEREER:
% 27°k*
W= oj Wydi=<rs
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T ARSI B % S4B IR RIEL, BHEA/DREERL, ResiEE
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6.1.3 RN BER
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HEREKH, BENBHRMBREAEN, BHEENEXEBRERBEN—F.
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B e R TRAWNE E (€5
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Fig 6-1 Absorption spectrum of human body

M T s B A S AR A B R B e, DRI A T 4R HARBEHLER, & B Ri%00
FAIER B2 R AP BRI BLAE — AN M. KRB B REL SR EH — & IRBURFE,

49



BRPGRIE K E R F A8 3

— LMk R R RZE L SN RO o BEARAR R I BN Cem-1) BB (1
m) , PBIFRTERR, LBHEN100%H, RIEEH0%, LBHEHO%N, I
FEH100%. F6-12% BIEE KR Eew,

M@#ﬂﬁ&ﬁW%E&&ﬁ@mutmmﬁﬂtﬁﬁﬂww&ﬁ%%&}mm
6-7um 2 12umbA_EF LB SR R O 7 7E o

MHEBRASN R E AT T 83, WBEENEAIMELRER, ERINK, &
WPUGRE R, B, MIEAHAN—LERIES, TUWE, BEERRT, FEg
SNXEBEFIRBCHER, 3 ELAES e, BARYIR, 3B (REE A0S R BB R 1 o

b GOKBEL MG REIL AN i

T, BT —F— o8 WAAKT L SN h——BET AL S K B B B S e o
E6-2.

HUNES, XJUHMERR LA S SRmMRAL, BREELINXFRIIN
Wtk ELBA R TR & A 7E2.6-SpmA 1 2pm Bl b, 35 R S T AR e HE R RO

Boh, BEMMERE T B R, BEHESL L, FHHTEL, 1
BN T 160 B R AR BLE A 945

953 45 6 7 8810 152 30
o & (oo
W 6-2 AKX R T LI R M FE WK
A- ALO3. B- MgO, C- Zr0,, D-Z1C, E-TiN, F-A 3
Fig6-2 Far-infrared radiance curve of nanometer ceramic powder
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Fig6-3 Heat exchange of the far-infrared shoes lining and the human foot
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