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1.1 RSB R &

RIGAEL: TR =80 H G 2 W ERYT A
AIRAFD 5 DM8920 mi# %K £ M (high density
polyethelene, HDPE) , /i 0.954 g/em’, Mifilfs
# (melt flow index, MFI) 24 20g/10 min (7L
190°C/2.16 kg 454 FillE) (P A=A 2
A s RO (OO AT 30°C .
WA AR IR T N 40°C, I THBEAHL
WEYEREMIREEA T T, 2EERR, T
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HEAR N 5.0~21.0 F1 5.8~17.0 um, 43 5] LA
B RNGE S NBEA OH, SN — 2R 0.2~
0.5 um BEANBEA IR D AN 2 AL 3E I 4b 52, i T3k
JE N AREIFE 200°C LR, I AaeEid 230°C) (IR
P T AT ; PE-G-1 8 0ok R T 245 28
ZJfi (methyl acrylate polyethelene, MAPE) , % &
0.922 g/em®, JEFIFE%L (melt flow index, MFI)
1-3g/10min ({E 190°C/2.16kg &/F FlsE) (Rt
AL TA R A A D) s N-N- 235 UG I % 1k iz
(ethylene bis stearamide, EBS) , 200 H, H{“%
RHEEMAR CEREHESOARAFD 5 &4 aH
NS/ ISR LS ST/N I DI

IX#s V% : DHG-9246A HLHVIE I 5 T 1A
( BEREESER WA AR AFD 5 S (X)-1L-K %4k
BL G MR AR AR 5 TTI-140 3 8 p
WL CRIEFIBCE FRA D 5 Color i7 MARL L R4k,
(EEZ AT ; SL200B il ( F#ERISE
BEHEHR AT » HH-2 B RiEEKR (i
M FAXBE A PR AT 5 250B H i A48 (41z
HYLFAS) ) ; HFM436 S ERE ([ i it
AFD 3 UV-3600 BUEANA] WL BT (H AR,
A 3 Lambda 900 584N v] WL/AT 204036 B vl
(£ H PerkinElmer A 7)) .

MR Bl 1 froR, AR RS A
300 mm X 300 mm X 300 mm, AHEE 44 10 mm,
A VY JE 2 JEE 3 40 mm J5E HIH IR S RIAR (0.7 , £
TR IR 2 B4k E o, THETH EZ4 4 mm
TR AR E SR, (e — ANt o b7 —
ANEARZ) 8 mm /ML, DU THE A 25 (/] oAb o

10 40
FF il B

Specimen material
300 — 4

Black wallpaper

L
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A1 BEXBREEFEA

Fig.l1 Sketch map of insolation device
1.2 WBIESHENR
12,1 XA H &
FRIUYT ¥y : HDPE=3:7 (JiilLl) IR &L,

EBS {## AR PE-G-1 # 1 5K R IF 2 4 23 & 0
(methyl acrylate polyethelene, MAPE) [¥]H & 75 %l
73 0.04% (A%} HDPE [)fiiE) Fl 6.34% (AHXSAT
BMETRED , EKER RN B TER 1%, fEm
HRAVH YSRGS EIMAN S (X)-1L-K ML
R A 10 min, #JEESHIFE 180~185°C, Hidifs
HILE 40 v/min; FrEERMERLE A 1% Ofti 540
(AL ORI e, 2o B R IRV B Bk FH R W ALK 1 ik
FoRL, EAHIR BRSO R H HY-500 %2} 5}
e BOBLvE B ok B, W OR A
150 mmx150 mmx4 mm. JEPEEH EE T 225
g BMESIWEIR T 185°C, —BORJE 180°C, B
WJE 178°Cy VESHE S 50~60 MPa, ff)5E )
30 MPa. st 3Ll #5 6 P[RR, HARWER 1 .
z1 AHERES
Table 1 Identifier of samples

i A
No. Composition
WTBI BPCH (0 I
BPC and Blue thermochromic microcapsules
BPC+Ii (I ZE+ER o0
WTB2 BPC and Blue thermochromic microcapsules
and titanium dioxide
WTB3 BPC
BPC+EK 14}
WTB4 BPC and titanium dioxide
WTRI BPCHAL (A e %

BPC and Red thermochromic microcapsules
BPCHL (A R BE+Ek B
WTR2 BPC and Red thermochromic microcapsules
and titanium dioxide

VE: PTUBL A bR P 1 IRV £ i IR R
Note: Bamboo/plastic composite (BPC) was made up of bamboo powder and plastic.
1.2.2  MAemK

KH Color i7 WA (5 R LR Ak £
MRIRE LTy o' bH (L3RRI AR, o #oR
(P2 21 Sl € S B, b3 s (1) S e S 4
20O, AN 3 ), BCFME . AR
BT A MROCE AR BUR A B TR A T, IR
ANFE R E RS (45, 500 55, 60, 65°C) , JHF
Tl AT G MBI A B (LLEFEE ) 2
VT IR (R BT 26 3 N Ta) CRR oM AR Ca i) ], RIS AR ¢
YRR B TF UG R 25 I TR LR T, P2 BT S At
WA, IR EE 3 %, BOEME . PR
IHT (201249 29 HD , BHE TSN 1 B
W (2012 429 H 30 H) , Kl s 5 T
B R R =AM H G, BEB& 0.5 h &%
BEE NI LA BEE R CAR R R 08:00 ~
20:00) o K AHWETEFE A 0~100°C )38 8 7K H i
FEVFREAT Y. B HEMA436 540 R B0 &
EMBHE 150 30, 45, 60°C &M NI SMARE,
R EE 3K, BOFBIME . 0 5 KRN 2R A Ay il
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W A SL200B il 1 AS I BARFE 2 1 (1 41 2k
LA 100 s 2 Ja b, 3K H Owens and
Wendt 5 (k) USSR R i 18 1 B RS
Horp, WK NS EH %, KA. KA
Lambda 900 ZY&AN v WAL 204Ny e v Gl KTE
[ 200~2 500 nm) IR IRAE A PH A 5 <17, 7
DA 2 T 5 2 P VRE TR R A0 10 AR A M S AR 51
W1 IRA AR

2 BRSWE

2.1 REREWNAEABTEHNBESMRTE
B 18] B 22 0l

2 PR AR AT I A RPRHE AR (U [H) 5
NSRRI R . WA, B I A PR
BT, PTIBE AR A BT ARG P4
I T AR S . 5 65 CHREAT X EL R B, PRI i
N 45°C A RHKAS (N fA], WTB1. WTB2. WTR1 .
WTR2 722 € I (8] 73 4602 T 211.05+ 178.92,
55.54. 53.47 s, HA AT AR AR (o (]
T AR E SBR[, X2 TR
AL R AT AR R
A0 35 18 IR K s e U™, ASRIG BT 0t
G PR B (AR B R 00l 2 30 i 40°C, %
L5 AT AN [R] 33 25 58 ma A5 (4T 38 52 45 ARG B
BRI R A s BEAh, TR BERE RS DL R R R
Begmf kg, SE R, %
Ab, AR AR o I [R) 22 S Bl A P TR T T
BN BEAE RS BT S, ORI R I A
IR, Sk B AN PR ), R
i 7] 22 S ORI . R 2 FRIE AT AR IR R
AT 98 52 MR 1) A8 6 B T8) 6 T A 8 AR 18 1)
VIYAR G MEL. W INEK AR 2 R T e &
AL A S50 30 5 4Dl S B o B R P I N A A5 A
R FEATE AT 55 5 MRE AT TR A 1) 43 A1 2% 2
FRAG, LEARRRELRE N, AR (il 2 50 Sy WOl e
FEARAR A RN, P EUR AT A R € I B T
AR PO, DR AR A7 8 AR A I ) Bt o ek
FIR N T AR 6
FT2 AIEABTEMEESMBIERRRE THT @RIE

Table 2 Color-change time of thermoehromic BPC in
different environmental temperatures

. o BT
No. olor-change time/s

45C 50°C 55C 60°C 65C

WTB1(Blue) 256.11 146.18 8278  69.16  45.06

WTB2(Blue) 222.09 120.89  67.14 6021  43.17

WTRI1(Red) 94.45 66.52 46.61 4258 3891

WTR2(Red) 81.22 46.14 3875 3753 2775

2.2 EEIRLG
AR I PRI L) AR AT SR G M R T
SHM R EERR GRS R T, FRAER A% 4 1 ik S %
WHRSE, FRARREFRE, IR i 1 phos r)e B
FUNTLRT RS, WEFCIX 6 PR R 48 P RS 152
Wi, Ut 2012 4 9 H 30 HAF 6 Fhistifdes s e
WRIGHFTT, R R 3 fras; KM Color i7 Wl
Ml RGMRIRFER R T LY o\ b,
SERWMEK 3 PR, HE 2 nf L, MEAERE R, FREE
W SEARA AT 22, AN IR REIR 2R B4 PN il AN T
B TE, AR 12:00 I, AR AR S PR R 2 A B i
KAH o ANFAR Tl R S L5 P55 1) g Rl 2
ANF], WTB1. WTB2. WTB3. WTB4. WTRI1.
WTR2 5 A5G (1 2253 34 14.31 12,8 153, 11.3,
153, 11.3°C. 6 FIE G B SAZ A3,
BEE PR R T, A IR S BT, B
R E I S MU, 2 3 RIS, SRR
M. AT, 7R3 T, WRPER T E L wiss<
L*WTR1< L*WTB1< L*WTBZ< L*WTR2< L*WTB4’ a*WTBZ<
a wiBI< @ wrB4<@ wTB3< @ WTRI<@ WTR2 » b wrB2<
b wrs1< b wrri= b wrss <b wrro<b wrpa» 1L fmrili I 1)
4 F, WTB1. WTB2. WTR1. WTR2 ) L. a'.
bR, Lwiss< L'wrsi < L'wrri < L wrsa<
L wrro< L wrps» @ wr2< @ wrB4 <a wrr2<a wrB3<
a wrBl < @ wrri» b wrss< b wrs< b wBi< b w2
<b wrro<b wrri> VLIS B G, WTB3 Bifh,
GRS, T WTB4 B 5 s AR R 2 )G
MR O AR e AT (K 45 Sl 4, N
KRy 2 a4 I AR T R ER R AR AR 1Y
. #5% WTB2. WTB4. WTR2 Hl T4k
FERERE IR T, n DL R /0 2 1 B2 Fh %
WJE, PTRACKFRARRERE, SCILT LB, 17 REDR
HE AESERR H AR,
#x3 MEEEMRNEXRERE
Table 3 Facial color of BPC
P Samples L a b
WTBI-%Ei# (WTB1-Room temperature) 43.42 1.10 7.99
WTB2-% il (WTB2-Room temperature) 56.73  -1.08 7.47
WTB3-%ili (Room temperature) 3921 621 1171
WTB4-% i (Room temperature) 6588 445 1643
WTRI-%E i (WTR1-Room temperature) 39.29 6.94 11.71
WTR2 % (WTR2-Room temperature ) 64.63 10.51 12.80
WTBI1-#i (WTBI1-High temperature) 48.06 645 1528
WTB2-#i (WTB2- High temperature ) 62.16 4.14 15.61
WTRI-#i (WTR1-High temperature) 49.24  8.02 16.62
WTR2-#il# (WTR2-Hightemperature) 6483 510 16.12
e Elh: 25°C; gl 60°C: LRoRMZ A o FoRiRa st
SREL B RO IR B A £ AR A
Note: Room temperature: 25°C; High temperature: 60°C. L" expresses

lightness, a” expresses red and green chromaticity index, b" expresses
yellow and blue chromaticity index.
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o 40 —*— WTB2 Table 4 Thermal conductivity of BPC in different

g - : t:“i: temperatures

g wl ::: t:_:_g; L $4F %L Thermal conductivity/(W m™ K

j —»— Environment Temperature/C jyp Jwmsr  Awmes  Awiss Awi Awire

_E; e 15 0.131  0.098 0.112 0.0855 0.122  0.102

™ 20 30 0.133  0.099 0.116 0.0905 0.123  0.105
15 L . L " . L L 45 0.138 0.103  0.13 0.112  0.132  0.109

9:30 11:30 13:30 15:30 17:30 19:30 60 014 0107 0143 0119 0139 0114

im Time

T DRI 2012 4E 9 H 30 H, 8:00~21:00.
Note: Test time:8:00~21:00, Semperber 30, 2012.
B2 ArH 5 A AR ISR R

Fig.2 Insolation result of BPC

2.3 TERABEESMRNSHRAL

R 4 PRIRAEANFEE T 6 P88 Ak
(SRR, R Wb RS R S R, T A R,
AP H S 3, BCOFIME. el E X 6 i
PRI 5 20 R BObE R T Enm oK, R
WTB1. WTB2. WTB3 &I, HIERIE AN 15,
30, 45°CHF, ARRiBEE S T AR SIEREL,
M4 FRER 4 60°CIy, WTB3 (1) S8R B b ity 5
BT R A SRR TR A8
HSEME. i WTB2., WTB4, WTR2 RFL, 7F
15°CHF Awrpa>Awrpa>Awtra, PR E TR, SR
BN dwra>Awse>Awrras HRIEA LI A) 0 PR
R BHPAR EALEE R, ARV T AR (i
B R OFGEEFIARRE, EFRHZ 2 B2,
TR, 21 B B JT R AL A i L e 4 b
TAREA RO N, WD T IE LS, T
X 2 PP AR AT AT A PRHEAS R B 1R AR 4L
BT ZES. RN AR OB RER . RE DL S LA
VT ER A A MRE P R 23 B 5 0 2 g i A S 1) R K
Btk . K WTB1 5 WTB2, WTB3 5 WTB4,
WTRI1 5 WTR2 WP LA fa A0, EK AR (R I A
BEAME S IALRC, R S E e
T MR F IR, FEATEE SRR
SHREREPT, HAARwEE 5 Prox.

x5 ERRNMSHARY

Table 5 Thermal conductivity of raw materials

JEUE SEEL i
Raw material Thermal conductivity/(W m™” K™
i R L 048
High density polyethelene, HDPE '
Tt 03
Bamboo :
N2t Per
B (G 0809107

Titanium dioxide rutile
e BT 30k[23] 5 (24]
Note: Data were obtained from reference [23] and [24].
TeEMBEE AR REmIEEYT
THRR AL AR I 2 —, T8RS
PERESEBR B FH A o BN VR . U TT45 2
TAREE, PRb, BT IS A ORER i
PELL LRI H HBEEATHIEGL . 3 6 PR 2 T8
AR TR A A LA SR T AR

M 6 TGN, WO SRR AT
BB R A A ARME ) AR IR H tHREREA
A BBk 67.30°, 67.31°, WMty
50 12.60- 12.59 MI/m*, 2 1ii [ g5 51 41.49,
41.50 MI/m®, Sk FURy B m TR T B A, 42
1 10.85%, BUBEAS T ARk ) 5 310 H il
AE. fHAE, XLLE 3 MRPRIEAT BB A I A 2
AR RSR A T B 0 R doR, U WIS IR
=P N S e (RS NS b ip AR 1A
BRI NNk, EARIB R, BN 1K
FURY LT IE U8 T AT 2R 4R (R i (R B, A 7544
BHE S Sy, ERefE e FRm TR S
R,

2.4

Fo6 MBS SMRIRE R AR RERE

Table 6 Contact angles and surface polarity of bamboo/plastic composites

Fefsn (KO BT
o e/
_- Contact angles(water)/(°) LRED) e F L o) bt gy LT 1 A
uFf Contact Descend Dispersion force Polar force Surface free ener
Samples WIUHE P E percentage b 2 2 Jerey
Ao o angles(benzene)/(°) /MJm™) MJm™) MJm™)
Initial value  Equilibrium value of contact
angles/%
WTBI1 67.3 65.38 0 2.85 28.9 12.60 41.50
WTB2 74.6 72.02 0 3.45 28.9 8.62 37.52
WTB3 67.31 64.67 0 3.92 28.9 12.59 41.49

TE: Bl o AT G AR T B AR AR T A A s A AR B T 23 B R DA R Al S R A A 1 2 (S AR AR 7T 20 B

Note: Contact angles(CA) means the surface water contact angles of blue BPC and ordinary BPC, descend percentage of contact angles was the ratio of

difference between initial CA and equilibrium CA to the initial CA.
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2.5 TEMBESMRPNRGE

YR PR AR, WA AR
TN 32 Wl BRSO, HeR 4. iE
S T FIROR R Z AR RS I e A A RS
F: THRA=100% . BHO GRS Th = ZLZ A 380~780 nm
AT IR 300 nm LA RIS, SARM R I BHE
TREESN 1 200 F1 75 um, LTAMEAEAM 255 1R
JERA0.05 mmP, H4k, SRS RS HANE],
PRI AT LIS RSB S 2T 0, B 4+R=100%""1,

3 IR IR SARPEIIER MG RE SO R .
O, SRR R A S BT,
NER R e TR RHR R SRR . AERAMEIX I,
(200~380 nm) , FARFENI S FRIEAAA] . AE0T 0L
eI (380~780 nm) , FARFELEA RIS B N %
SRS ZE S, AELANX I, (780~2 500 nm) [ J d
R FEAAG —, 24 1<2250nm I, Ry~
Rw1 = Rwres < Rwrp: =~ Rwrra =~ Rwrre s 9 A >
2250 nm I, FARFE SRR EEAAH ] . MFR 7 AT,
BB BB T L s <Lwrri <L'wrss <
L wrsr<L'wiro<<L'wrps» FAHBORRIIARERTIF,
=P =y Y b S N EA R S =8 a*WTB2<a*WTB1<a*WTB4
<a'wrss<d wire<<d'wrri» JEBOKFRIRPER T
COMEERLT G, R TESRE b wis<b 'wis <b wire
<b wiri <b wres<bwrss» HAERERRIARERITISE
R TR (0 R MR H S R I R R 2
—, PRI SR TR P, S ah—
AR T S 40 A AR TR Ui R 50>80%,  HT6
fa%l 2.8, REMGREDEIRIMEN, HHERA R
FRORE T RN (R0 R, e R X (R AR )
{FF4n WTB2. WTB4. WTR2 A8}, minl LA REH
1R S BHIC IR, A T, 152
PRI BEFER B 1); A7 /E38A HIX, i 40 WTBI.
WTB3. WTRI1 KA R L, R 7ERR G
T I RIS 5 2 MWK RS, SEE AR A 1) T
WP R THEATFCATTH IR, FEA R
B ERE! .

T0
UbBE Treatment

—s— WTBI
—e— WTB2
—— WTB3
—v— WTBE4
—+— WTRI
A WTR2

L 1 s L L
500 1 000 1 500 2000 2 500
e Wavelength/nm
GENE O P Y

Fig.3 Spectral reflectance of thermochromic sample

*x7 MEESMHANXEHE
Table 7 Facial color of BPC

S;iﬁes L “ b

WTBI 40.73 -1.68 4.41
WTB2 59.97 -4.65 0.16
WTB3 50.02 8.10 18.29
WTB4 67.60 4.90 17.40
WTRI1 47.34 15.91 14.84
WTR2 64.47 14.12 12.49

e Wi 25°C.
Note: Testing temperature 25°C.

3 & g

1) B P IRBEIR S T E . AT AR
N €8 BT SR A I 8 10 TR I RS AR R, 54
LR I ) 22 S AR /N, Wl WTBL 7E 45, 50
55, 60, 65°CIMAZE I ] 4374 256.11. 146.18.
82.78. 69.16. 45.06 s; FAFI¥y Ui AL A5 S M KL
AR R, W1 WTB2 #F 45, 50, 55. 60, 65°C
(AR (A ) 4351 A 14618 120.89. 66.52. 46.14 s.

2) HERRLG 2 FnT%, 6 PP SRR
AR A3, BEE BRI, AT N IR
BEail ETE, HAF RO G IR S WU BR Ry B AR
A PG 25 8 O KDL s 7 12:00 IF, WTB1. WTB2.
WTB3. WTB4. WTR1. WTR2 5553 2573 5
J 143, 12.8, 153, 11.3. 15.3. 11.3°C.

3) BRI AR R B A L B I T e G K
WTB1 7£ 15. 30. 45. 60°C NI SHREAEE DN
0.131. 0.133. 0.138. 0.140; %k (k44 B S
PARKPEAT, WTB2 £E 15, 30. 45, 60°C S
ZH A 0.098, 0.099. 0.103. 0.107; WO
525 M RL I 8 4 98 525 MR ) 2 T 4 i £ DA %
U E MRS EEAAAE, WTBL. WTB3 [/l /7>
AN 67.30°. 67.31°, EKFIMHEE T AAFER I
filfi (WTB2: 74.6°) .

4) RPN RIS RAFAEZE R, AU MK
FH S S 26 TR 32—, BEA VR I S A 26 1y T
RIS, R m T AR I R 5%

(& % xx Wk
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Response to temperature and light and thermal property of reversibly
thermochromic bamboo/plastic composite

Wu Qiuning, Song Jianbin, Yu Fangbing, Chen Lihong, Yang Wenbin™
(College of Material Engineering, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract: In order to understand more features about reversibly thermochromic bamboo/plastic composites(BPC),
we focused on its response to the temperature, light and thermal property, which included that, the effect of
environment temperature on discoloration time, insolation experiment (test temperature of outside environment
and inside of insolation device), reflectance and thermal conductivity of reversibly thermochromic
bamboo/plastic composites and so on. The results showed that, the higher the environment temperature was, the
shorter the discoloration time of the reversibly thermochromic BPC was. Taking WTB1 (BPC and blue
thermochromic microcapsules) as an example, the color-changing time were 256.11, 146.18, 82.78, 69.16, 45.06 s
accordingly to that the temperature were 45, 50, 55, 60, 65°C respectively. And the differences of discoloration
time among all the samples gradually diminished as the increasing of the environment temperature. The results of
the insolation experiment indicated that the variation of environment temperature was verging to placid, but the
temperature inside the insolation device was increased quickly and then decreased sharply. The color of samples
would influence inside temperature of insolation boxes and the addition of titanium dioxide to composites could
reduce it. Differences of temperature at 12:00 am between inside insolation boxes with the test specimen of WTBI,
WTB2, WTB3, WTB4, WTR1, WTR2 covered respectively and outside environment were 14.3, 12.8, 15.3, 11.3,
15.3, 11.3°C. The thermal conductivity of the reversibly thermochromic BPC was increased as the increasing of
the testing temperature. The thermal conductivity of WTB2 were 0.098, 0.099, 0.103, 0.107 W/(m K)
correspondently to that the test temperature were 15, 30, 45, 60°C respectively. Comparing the thermal
conductivities of WTB1, WTB2, WTB3, the reversibly thermochromic microcapsules increased thermal
conductivity of samples when the test temperature were 15, 30, 45°C. While comparing the thermal conductivity
of WTB2, WTB4, WTR2, the thermal conductivity of WTB4 was the highest, followed by WTB2, the smallest
was that of WTR2 at test temperature of 15°C. But as the increasing of temperature, the size sequency of the
thermal conductivity was WTB2 (biggest), WTB4 and WTR2 (smallest). The surface free energy and the contact
angles of WTB1 without titanium dioxide were 41.50 MJ/m” and 67.3° respectively, while surface free energy and
contact angles of WTB2 with titanium dioxide were 37.52 MJ/m” and 74.6° respectively. Contact angles, polar
force and surface free energy of blue bamboo/plastic composites and ordinary bamboo/plastic composites were
nearly equal. The reflectance of test specimen was different. Titanium dioxide added to the reversibly
thermochromic BPC enhanced the surface reflectance of composite materials, the color was one of the important
factors which would influence the reflectance of composite materials. The research results in this paper will
provide data support for the practical application of the reversibly thermochromic BPC.

Key words: composite materials, thermal conductivity, light, insolation experiment, surface free energy,
reflectance
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