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ABSTRACT

ABSTRACT

In order to analysis the chemical and physical properties and mechanical relaxation
phenomena of copper plated poplar veneer composite, and provide the basic theory and
technical parameters for the research and application of the geothermal floor substrate, the
crystal structure | the surface chemical structure, the electrical conductivity, the thermal
conductivity , the electromagnetic shielding and the mechanical properties such as hygroex-
pansion, the creep properties and the stress relaxation are studied through the method of
XRD, XPS, NIR spectra and mechanical relaxation and so on in this dissertation.

Research results are summed up as follows;

1. The Cu diffraction peaks observed in the XRD spectra of the copper plating poplar
veneer which is cubic structure. The crystal of cellulose was changed to a certain extent and
covered by copper layer because of the chemical substances in chemical copper plating.

2. XPS spectra show that Cu is in the presence of Cu’* in the single plate copper
plating of poplar. The disproportionation of Cu” tends to be completely when CuOH and
Cu, O gradually reduced to metallic Cu with the extension of the plating time. The reac-
tion of Cu,0 and CuOH gradually complete when the plating time reached 25min.

3. The electromagnetic shielding of electroless copper plating poplar veneer can
reach 100dB within the range of 800—1200MHz, which is belong to the reflective elec-
tromagnetic shielding material. The volume resistivity of structure A which is the compo-
sition of single plate and electroless copper plating veneers is less than structure B which

is the composition of electroless copper plating veneer. The thermal conductivity of struc-
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ture A and B is more than 2 times higher than structure C which is the compotion of sin-
gle plating veneers under the condition of the same moisture content and the thermal
conductivity is increased with the extension of plating time.

4. The dry shrinkage rate of length and width direction of material A / B / C is
changed between 0. 1% -0. 6% and the dry shrinkage rate of thickness direction is 5-7
times the length and width directions at constant changing of temperature and humidity
cycles. The two curves always deviate from the same equilibrium state, so that the end of
the curve of the change of the desorption water content is always higher than that of the
curve of the change of moisture content because of the superposition effect of continuous
non equilibrium state. The equilibrium moisture content of structure B is higher than that
of structure A and C in the process of moisture absorption.

5. In the process of continuous moisture absorption and desorption, the creep de-
flection of three kinds of electroless copper plating poplar composites are all increased
which correspond with general rules of mechano sorptive creep of wood materials. The
creep resistance of structure A electroless copper plating poplar composites is better than
structure B and structure C. The copper plating and proper structure can inprove the
creep resistance ability of electroless copper plating poplar composites.

6. The relative stress relaxation of structure D, E and F tends to change slowly with
the increase of the joint size . The relative stress appears the trend of structure D>struc-
ture E>structure F in the same temperature because of the water swelling increase of
structure D which is single plate composites. The stress relaxation of structure F is slow
due to the barrier of the surface of copper plating layer. The stress relaxation of structure

E changes in the middle because of the combination of single plate and copper plating.

Key words; electroless copper plating composites; electrothermal conductivity; dry—wet

effect; creep; stress relaxation
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N TREMS A BAR, AR A AR R B GEAARAR R BT, SR
MRS A BRI, LTS 2 A5 FOBT B AR A MRS 2E AT M I
SFRENREMER R o RGEARAAS BEAT A B 0] LA T AR R A S B e SR
etk , I BB AR AT R AR, RERE I T AR BT AR A REE

RTAFPE AR E NI C ZIFRE TIEZE, XA 11250 Ik i i
Me, 5ZARSM T4k . Rt A AR S BUIR, 4R T IR OIS {E AR ST
Rk )

1.2 ERIMARIIR

1.2.1 {Lz$EHR

BB, R Y Nircus 78 1947 S IRIRIE R (Henry. J, 1995) . TEMFFEIIF]
P B, LAEPE I R E MR 22, ITEC VA AR 5 B sh e T 43 fle, I FLBE I
(AT AN REAS BIAR A s, T 422 M B VR Py 1 8 LR . & RAL A4
HAARRIAHOAR e B2 - Cahill 78 1959 48 (HIPHPE, 2007) 2R, SRHITEA
FRER DML A, IR FEE LN BEAEIRJE ] . 291 50 ARG, L FHEH AR TR i
THAX S AR S, JFAL TP BRI R, HA TR 1Y ol A FE il
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b AL
AR B AR A TR UL, RS FZAA LUT LA, iRz, %2
JEREE—8G TARSANER,; 92 L e

FI 20 th2d 80 4FAR, Ak A FEAEPTE HAM T REMPTR, &k
TR B ARSE R IR R, XA SEAT SR AL ] HyOs - AT R IR T B A L
i, BB TR ETAL B, o X ARM AT A2 08, BIFSE R, AL K &
VR VR SCR R, ABRNZE | BEWRIRLEE | BRI ST i 2 A LA Kt B ) [ T
FRTEARBE |4 IR SRR A SR, Ab3R S AR (1 ) 4 MR ER S AN IR R BE R R AIG
W TR inoess (KEK /AR, 1992), Nagasawa C. % (Nagasawa C. ,
1999) XA ORI HEAT 1A FHERR , JFARRE 1B 5 A UKL Y 2 a0 L B3 | (]
FLRH % 5 LR B AR I DG R, AFFER I, A 18 Jn 6 i Ak A A TR 1) 405 1 vy
FHHE 3 T A 800 R AR UKL 1) Pl 5 CCRE AR A UL ) P % 57 i 1 K T 30dB
KFERK\BRAIRES NEH = (KFERK/VRE, 1991, 1992) K Dual—Chamber ¥4}
Br TR BT AER O 2 I REFRIRCERE, 45 TR BTEIAE S e AR e 2
14 4 JaR A PT LE o) 2 i R R R T IR AR RAS LR 8 1 o 2l ot
IR A8 AR A 1 AN ) T AN [, A B4 A 46 T S 1) i 5 A28 e 1 i (A
FHIAL

WEEHA, M M, |, & B, M. B R AR
b2 f & 42, WKEKARSE (REBER/ARBMER/NH =, 1991,
1992, ¥ E/AER, HEIHAT, 1990, 1991, 1992) X AM A @I4E, A bk
P27 95 LA R s 0 e F M R LR R, A TR — 4 (IR —, 1989
Brenner A. , 1954) HYRFFUERT TR AL =8E . H A 1B X503 AR M 0F5E R
RAENGER (REFREM N 87y 7 5tk LR 2, 1996) SFRIBIFEIRET XA
B ERE MBI RPN . SRR, SRATE HLIE R AT 98 )5 b B LU K R i
FRIPRCRTE NI, AMFS | BEROREE | SR i S H A it 5 B (] X AR AE AR
L SRR S A, WEHE 5 A A 1) T 2 P BE AR A AEAS [R) R B (W R AIK . b
AR, EIEMRIFR, BE . BTPARIIRIE | BRI AR A T B A B RCR (1 5
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MAEK . Nagasawa C. 2% (Nagasawa C., 1999) XAMBRSEAT TIL-2HHR, IF
e T B AR BURL I S THT L REL R | ARFREB BE % 5 F REBR IR RE I K JR, PSR
A, 3 e 1 o 4 R A A A RO F) B30k A0 P 0 T A A8 v AP R 1Y) P B i
RUhe, AR HL L BE R R T 30dB, w IR — 5 (S )IME —, 1989) X
IMZE AP L T4 | SR AT AR BIAH i AR HEAT T 0FE, N AT
T RMA ) B E R PE BB 15 21 20dB I 50dB 7247, W) FL £F 4k 43 8 (VR il
7.3%M9.0% , FREFHEMTSINE N 8% | 14% , 45 RFW]: O 8 TR E i
BHR AL B AR L, AR A B 0 4 B LB K s QUTRRAE I B Al 2 1T 14 42 I
K T RSy 1) 1 0 A i i, B SRARE T MU 5 1w 74 L BEL 46 L i o 2
Tl B, XA AR BEAT A8, FERTRCHER & AR RIS L, B
WA Z | AL BRI RE e

FUHT, B TASA A BT S bRt B 5 R T SO T BT I R R 1)
H5HbR, FRE (R, 2005) XA b2 G250 5 009 20 BT TR,
Wang 2 (Wang, 2006) i EDS, XRD Dk K SEM 25 46 7 v I 45 76 %5 W K
500ml ., B A E) 7 30min HLIHE LI A 60 °C At fh7 48 i 2L AR A Fi % 5 e R 42
JE55-60dB, HAH (HAH, 2006) i AT R AR ISR &
B, WRCRE, 4 JEEs ARIARM LR WA, AR S
SERRLUS , U AR PIFR A LS LT 4R AN 2R R 4 BB DR, AR A
(R, 2007) X WAGPES T 28647 TR N4, JOF LU T & e T2
R AR eI . Tar i85 (TEarif, 2007) FHAL AL AR 1 T
HUNi-P & G R HI A B A SR, M T 98 2 S SRR T 45 A 9 BE, XT L
SIATIAT B BRSSP PRI | BCGREE | SRIENRE S A, R IR
SINT T HCEREEE M (CANBUARIRL | T e R M M RE ) o IR R, PR
BRI NS G AN, SRMBERG, KM m—2erkie A iritn, Wk
TIPSV | ORISR AR A, — SRR BT TR, A B R 2 TV VR
W R, BEEAEA SRR RIS 1 2 SR AR TR P FH R, AT RAFIHTAR
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U R AR . BRI (IR, 2009) Mil& TEAAT, 44
JEE2ZFPIRBORAER R, HIE THBBEWEC T, & IAEEE RS [ 25min DL I
i, AT LA A OKHZ—1. SGHz i [l P4 X L 0 5f Wi 3 RE A9 22K, Lili Sun 5§ (Lili
Sun, 2012) F 7 S 0E 24 o i A8 ME A B 0% 2 T L BHL AR, 2 58 OB A MR B2 R
0. 8% B}, PEHIMEA HA 1) R 1 A BH 2 A 35 119mQO/em-2, @S EDS, XPS 4545
MZERFRW], BEEAAREA Cu JTTRIZELL CuO MTERAFLEN, IF HLBE 5 HEA MR
1 LR B i PEE DR T 60dB

1.2.2 EEARESHH

KPR BB (R /\BBRIBEAR /\H =, 1989; Chohachior, 1999) iEH]
HATRAA RIS L, KA AT A2 B, PR R i B i) A A 3 A T
T B R LR BRI AT . ARG E I 12-20 H TR, FREEE
AR BE Ry 23+2°C, AHXHREE N 50+5 % WUIENL T . ZJ5 R4 4T 26 1 Ak
B, Hea e T s g, SR I R ASUEEE (Mallory G. 0., 1984), #
TN 500ml, BEVRIRE R 85°C . pHEH N 6.5 ~7.0, Hik, FEab B Aol 1E
105°C 2540 F T4 2 /NI, ZESR T, FH — s Wk 2 1 ek e I EOK ) £ Tt /e R0
MAEHATRET, XFERALESAEQIIE MR ETE R, FH S 5 &h 250mg, $6
R & iRy 2. Sml MUKIEWRIRBIIE, 25 Wi T TR, &5, EREEAR it
G, JEERE D TR DS BB R AL, ANS ERIL A e, RFBOEINT .
PURIRFE 100°C, B[] 15 4340, JE S 2. 5MPa 5 5. OMPa, 22 Ji % B 45 ) 46 A7
PEREMN, 25 R OESFHAMMEFENEL T, SRR &A 172 fS3H
e ; QTS BIIBEAMFEIER T, BRI 5 AR B3 5
TIRUR L e 28t Ak 2288 5 4 B UUR B 5 @I AR AR ) PR AR P PR R L s )
PEA A AR L BE 3 5 R BRI RE W U LR AR

ARVLAE (R, 2009) R BB 0 2L HH il e BAT 5 i T B 1) FL 57
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FERE, I8 A AT SR SRR OE AL T2 | AR TR LT AL TS R
WIS AL T 25 =R s AL T2, PROLSE IR $R 5 Ak T 250 Sy b 1% A Ak 3 14 J7
T o ABHS ) FH PR SRR AR UZEL 53 FEORS TR0 RE A 2 55 B s 11 S Fl B et 52 4 e
HoAmeBe WA Re, S5 AR, 38 A AR i BT R ST P G 5 R G b RHLE
9kHz-1. 5GHz HUBEIRT , HREHRLRE T X E P35 60. 44dB, AT LA 2 R
FLRE BRI R 2K

1.2.3 SHEEB#HFEHEKRRESHH

Lambuth (Lambuth, 1990) FHAGIE SRR | ARBEF4E R 5B
i — b BE sl 2 R S AR, T R RAR AR KT N 11 ~

1, BORARTRLF AR KL T 1 0 1 ~40 1, BMAN I RHELRT 20
m’/g. WAPEIAEAREAT B A DRk, AT LA T AR S Bt 5ty o e e D RS
S5 CIBEIEIUER, 1991) fE5 em EMEGHENE G 2R E, Wi, -
M. %, BB ARS, HESBRAZ LI FRMR, S0ES)EHE LIl
PCM (REWKIEPH) B, 4R W7, 78 30MHz ~500MHz {E N, &5
R (BG4 B G/PCM)  ELAT R A i i e MR RE 2RI 7 S 4 8 R AR A 1
S LG R ACRE ) 50dB ~80dB 5 T i BRI Y S -S4 30dB ~60dB;
G R B A B B G bR LR R AR B2, /NT 10dB, EIRE ) AE (IR g
F, 1992) BFSE T BREFUENR ) J) A PERE S B BRI MERE , T FHBREF AR HUR: B 3 b
B (InBRR UM A1 BASFARL) G2 FORBUM B Gk, 28RN, &
B 5 BIBRET AEAR ORGSR RCSCR AN, (B2 PERE R Be R M R AF . I i1 53 4
WP A 10% GPS 7 55 1 @ 46 A 1 f 0% 5f 52 & #kE, Horh GPS ((Graphite
phenol—formaldehyde spheres) 15%] 30mm JE}, HH f% 5L AE 7T LA i 40dB,
Mo (FMEREE, 1993) HGBREF4EH ( Carbon Fiber Strand) FMNEF4EHY ( Steel
Fiber Mat) S5ARBREFAEIRA s H &L 4Eb, S5 R BN, YR 4 A & ik 5l
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25% Bt BTG AY H E BE £F 2 B fE 30MHz ~ 1000MHz 3 ] PN £ B 0 S5 i 55 fiE R
F30dB; [AIAF FHAILF4E4 (Steel Fiber Mat) 38 il i v 25 BE 27 didl, H e R BR
WAL REFE 30MHz ~ 1000MHz 7 FEl N 7] LA £ 35dB ~75dB, Ivan % (Ivan, 1996)
W A S P RE M A AE A, VS IR 1) J 4R 31 1 4 e B AR e MR R 1Y T
2o, JHEB T IUMANS IR Ay BT R AN (Be) A5 AR IR IR RS XF
e AL RE RIS, A1 RO (A A, 2002) SEEREME (32.5%)
AR (67.5% ) IRATE— ARG E AR, WHAREER Imm, 458 KN,
AR BE 15 3 800°C B LA I, TR A 5 AR 1Y i @4 57 ik 2 RE 7T LIk 3 30dB
PAE,

HEERINAE (ARl 1995) TERAG AR PRI SRy, PR G R T
G, EEFEMSFHREE R HEBER TR 100 7 LIT, SRS TIREFM
P, T HUB I A URT AR S22 A M, 38 TT AR i e B A 1 5 i M i
R TR A KI5 P 4 A A RV FH BB BE /N 5 L 4 T R K T I 8, {2
R R A R R /NG L BE A B A0 M LR o TS FLVR A I A 5 B R 6
SE RN 2 7= AR AR RIS, 2RI A (2RI, 1995) BFSE THEARM HmA 4B Ir R
JG, MEARMELLEISINT 2 ~6 fif, JIFuR RS T 2 ~4 5, AL S Al
sUKEARM PSR TEE GBI T EMM. FEERESAGT (130 ~
150C) , HEARMHIEABII G S K~ ERmTEHMEGME, E8EHAR
M- JEE AR LU T SRR 25 18], 0 n] DL T REAR | i b 56 25 1 A
B, BT (E0H, 1996) FIAMEGERIE A U K LM, LAAE I
Kia R, RO, RNGE, REACHERE, BARMMERE R (H) K%
TE—Ek G AR aH, £ (E)7K, 1998) KA SELHIE, #H5H
Mo, #br, Witk &BESREFSBREGEAM R, KEF (KE,
1999) &M T —Fhdii i i At , LUZTEBIESCH IR, b EAT 52 AR R
2 A B AL, LA SRR A R By B R S b
BEBOREIG . B R SE (R, 2000) RS H AR BRI, NEEENIN L R
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BREFYEA . SR90 . BRIV I BUIMA LI it b, WE5ERI, TR iy BT
RIS E G —ZR T ZESEMEI, 1E1.5% ~2. 7% WFRJEH N, A w5l
RCRERT LUIAE] 70 dB DL, J& T S S R R RE SR ot

1.2.4 KRE#FPEF4E2H

A4 60 4EAC LA, Harris 25 (Harris, 1961; Stevens, 1963) ¥ AK#t T4
FIAT A AP A5 5 | A B A S A0 2 el 3 e O R R 3 A A B v AR B
W~ K A R o A v T4 R N KR AR A B AR 1 T4 WK AP, 2R 3R
B, IR 5% . AR T4 R B KORTE B KRN T 20% RHE LT ERMEC R Y
FKERT 20% B, M5, AR 10 1 T4 R UORAS LU WS/, Y & KR R T
30% B, RMEAZEER, FFinkERmGE, BFoEER], REEX A T 4508
B, TRLEE I i AR AL S X AR T4 MR AN 5 K 3R 56 R I 2R [ A
S, RS AM T AHEAKAY K/, Espena (Espena, 1971) X 2 [ Ph it
BkAZ (Tsuga heterophylla) | ¥42 (Abies spp. ) FIZEEPEFLLEM (Thuja plica-
ta) MUBFSEERIA, AR A WCAR I B 5K AR AR 5% W AR
1 ELAR RIS 5 [ M5, FE S ACR/NT 12% i, AFh 322 % A i i 4. Chom-
charn (Chomcharn, 1983) X3 EBEEBEA (Prunus serotina) , FEEMA (Tilia)
FIEHE (Betula alleghaniensis) A=A ST T HRIAR [ O AR B 1) 75 /K S804 T T 0F5E
WRFE R, 5%l FF AR ISR B 1) 55 7K 238 AR 1] FF I WA B A & K 3R 8 5% —10%
Noack %5 (Noack, 1973) S “IKR (ratio of swelling)” 1E R TFM A
MRS E PRI bR, RRAE B KRR A IEIRAT R B 52, 412 2 8]
I RRNAFEER , TR RA, HEKELRITE 7% 2 20% I, KM r5L, 172
i i i R 35 T % 8, Keylwert (Keylwert, 1964) % T Wk ¥ #E K ( Betula
spp. ) HOMRBRL, 521, Rk . 5EKRZRMCR, 45RERW, KWk R
%7 (moisture expansion coefficient) £ 7KL T 5% % 25% Z AW}, FEIZEHKHE
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