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ABSTRACT

ABSTRACT

Solar water heater collector is the unique renewable energy utilization facility,
which can compete with conventional fossil fuel. The high performance collector is
very important for solar energy heat utilization systems. The performance of solar
collector mainly weighed by collector efficiency, in order to improve the collector
efficiency, the best principle is to keep solar radiation absorption more and keep heat
loss less.

In this paper, a concept of direct absorption type aqueous suspension containing
Multi-walled Carbon Nanotubes solar collector(MWNTSN) is proposed. Nanofluid
refers to a new kind of recycle fluid for solar collectors, which collect and transport
solar energy by suspending MWNTS in base fluid. MWNTSs nanofluid is used to absorb
the solar radiation directly in MWNTSN, so the highest temperature of MWNTSN is
exist in MWNTs nanofluid, and reduce the solar collector thermal loss effectively.

In order to obtain adaptive MWNTSs nanofluid used for MWNTSN, this study
presents a preparation method of MWNTS nanofluid by directly mixing MWNTs and
Ethylene Glycol aqueous solutions, some auxiliary dispersants and disperse means are
necessary to obtain the even distributed and stabilized MWNTs nanofluid. With this
method, MWNTs nanofluids with different content have been prepared. The results
show that some factors affect the stability and evenness of MWNTs nanofluid, such as
the property of nano-particles, the property and content of dispersants, disperse means
and disperse time. The prepared MWNTS nanofluid suspensions have a good
photo-thermal stability.

By means of thermophysical property (heat conductivity, viscosity, specific heat
capacity) measurement experiments, combined with the analysis based on particular
physicochemical behaviors of nano-particles, the thermophysical performances of
MWNTs nanofluid, a novel class of potential solar collector recycle fluid, and their
relations to the species and content of MWNTS, the species and content of dispersant,
temperature and suspension stability have been deeply investigated. The results show
that the heat conductivity and viscosity increase almost linearly with an increase in the

m
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content of nano-particles, but the ratio of heat conductivity and viscosity increase is
different for different nano-particles and dispersants. In addition, temperature is an
important influencing factor for the viscosity of MWNTSs nanofluid. The influence of
temperature to specific heat capacity is very slightly.

Because of combined action of absorbing and scattering from nano-particles, the
MWNTs nanofluid has strong absorption for solar radiation in full-wavelength. Since
high heat conductivity and low specific heat capacity, MWNTSs nanofluid is considered
the best recycle fluid for MWNTSN.

Because of the excellent photo-thermal properties and flow performances,
MWNTs nanofluid is used as recycle fluid for direct absorption type MWNTSN may
improve the thermal efficiency greatly. MWNTs nanofluid provides a new idea for the
development of solar water heater collectors. The research results indicate that the

MWNTs nanofluid has extensive application prospect and potential economic value.

Key word: dispersion ; multi-walled carbon nanotubes(MWNTs); thermophysical
property;
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F2-1 A A
Fig.2-1 Schematic of liquid-solid wetting
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#t, DLVO REERBHHRREER. RENEEREE, HHAFETREN
JEE, EEASHENREG ST ERRIEE, T ARREFARaR,
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Fig.2-2 Electric double layer of particle surface Fig.2-3 The state of ionic atmosphere overlapping
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B -— — it
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Fig.2-4 Curve of potential energy VS distance
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LBRWUBEBNR, @R (215 MR (2.16) ATHBRAREHE.
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TR S R O R, KRG R R A [9nk (n* -1)°1" . BEBEEN
R NREA R F k B/ RA SR SR O B BB, REBRE %
N, BMELk=n, FHIRURBCYER.

Mie HISTEW BRI LUR—EZEBAHEN, HESHEKRRHAMAR
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long wavelength approximation, MLWA); B #( {8 L M¥E (Discrete dipole
approximation, DDA) %. 45 Mie Bt EAHI, ERAFHERFEFFLR
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XE. MR REFTENLEIRE G, 28FKRY, FREBERY
SIRRSE BRIKE BRI

kit MWNTs
) NEAR R BEAREY s | we [ R
Sy :g%muw_»<mm» P L

Bl3-1 LRTZHEAR
Fig.3-1 Flowchart of carbon nanofluid preparation

3. 3 FEHF R R0k

KBBR8 KPR AR DB 2. TRUUREREN KPR AR S R
KRR, BERERIBMERAZARRORE. B, mrEEtEtR
KRB BT KPR RERARAEEBRANEER. KA, $FEBRLEH
KN RA B KPR SRR A B SRE RS R, BREZ5h, SHRARBOH R
s, BERBAREHHRE R ITERRE (MEEHAR. BAR), AR
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BARER S E

3.3.1 ZERBPHRENILFESIR

F TR T XK A SRR SERIBR PR B 1R AR
RAKE 2 A BEEMTTRNTEGRREREE. 20 BEHRICKERN
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BT BRAKE BEBNE AR EHETIR

(A) WCRBEBRAKE,
(B) Z FI B BEBRAOKE,

(C) FHEBHIKE,

(D) BECRKAKE

(E) ZEEBAKEREE B 3-2 ALK St r i
Fig.3-2 A picture of the Structure of Carbon Natotubes

3.3.1.1 IBRBAKE HRBIRAMLERNAIE, ALRLEHIKS B
RTINS R PR A &) A 7= 1058 1) £ RN K E (AlignedMWNT), EHP2: 10~
20nm; KBE: 5~15um, KYHESH K 3-1. BFHHE (TEM) LA 3-3. XRD
KL 3-4.
£3-1 ZERPKENDESH
Table 3-1 Physical parameter of MWNT

ki sMERIE KB ARME EEEm KR s &3]

Aligned-MWNT-1020  10-20nm 5-15pm  95-98 2%  <02wt% 40~300m2/g

P 3-3 MWNT B S i 8E H
Fig.3-3 TEM photograph of MWNT
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& 34 MWNT fJ XRD &%
Fig.3-4 X-ray diffraction pattern of MWNT
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Fig.3-5 return device
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BB EA ROBTEER, KNG B RAERE B ELT LA
HIHBTRB: K (EAMBEILEKIERD. ZZBKER. W=FKEHR.
HRMZBOKER . THEERPIFRBBRRATLE, TH. FRUEEF. K.
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Fig.3-6 Boiling point and freezing point of EG aqueous solutions
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Fig.3-7 Thermophysical properties of EG aqueous solutions (1:1)
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Table 3-2 Materials and instruments used in experiment
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3.5. 1 p&LLe
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BRAE, ERMNAEAERRSGMRESBUENRAKE BRI AARENER
Rk,

s



JHE IR TR

B 3-8 207 AR UM BE Y wa
Fig.3-8 Effect of disperse methods to sedimentation properties
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HIfERIRE, ATOH BOBBI L BRPKERRMEZ RO 28 () ARAEREMT,
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3. 6.3 FRIFREFEMF AR BRAKRE BRREFREEHE D

RARFEN B, BidEERE LSS T EMRAKE RBRARES. 3
RRERM TR 3-3 i
# 33 REFEHERRBIXNRAKE BB AR E R

Table 3-3  Effect of surfactant on the stability of aqueous suspension containing Multi-walled

Carbon Nanotubes
Fe REEHRAY BRRENE
1 TR 3.5h
2 TR AR 0.5h
3 + i ERRW 20d
4 Aden op at104rA
5 A= PR @it 1048
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Fig.3-9 Effect of surfactant mass concentration on the stability of aqueous suspension
containing Multi-walled Carbon Nanotubes
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Fig.3-10 Effect of MWNTSs mass concentration on the stability of aqueous suspension
containing Multi-walled Carbon Nanotubes
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Table 34 Effect of ultrasonic time on the stability of aqueous suspension containing
Multi-walled Carbon Nanotubes
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HBIHMORE; T,ARRERE; TARRANEE. Bk (4.4) TLUFH:
BAEN#ARFHEHNEER, MATEFERENRERE. Bk, B
EXEATHEBEANSARY, TEAGHRAKE RBTE.

4.2.2 dERA7SE

FREENEREMRFREIRMLHE, ERRIETRS KRR
TR, FRSEEIEARSREENRSTHARE. BilEAMIRES
FAKAAFARBOR R T ZRABRSALREN, BHFAERAERESE,
{EARRIISCIRIR D> . A TAERAETBSFEARETARK HotDisk ## M
MEAKE BRAAK S HRARBHTTHE,
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4.2. 3 RFBRETEABEFR AR HotDi sk A E X

WA HEAPEEAR (Transient Plane Source Method, TPS) 2 Hi%fi $LChalmer

F T K2£HSilas Gustafsson 1 E7EREEMERM L RBRERNO—NEFEAR, #
RN B E AR AR, ERFERMAE, ERADZREARE K
FRTET, 3 ELR A BT B SO AR R S g R

4.2.3. 1 HotDisk MRFERIFE 1. HKEH: ETRETRAROBAER,
HotDisk K T XURHER LM, WHE 4-1 fin. SEEEMSE 2P EIHEA
YER, BEEER—AFISRMAFE MBI RIR, SR —ANA KD 8 B B 8] 7 #  BEL
HREE V. EHELES 10 um BERREBIEXUREEMERN, XEE. BER
HEBMREIDFF R XFRIES 1 B SMBMBA RRER, ZHE—
HHERPER L —EMHWERE, 57— 7 ERERKECERPRBBEZE. 7£ 10K
~500 K MIERATEE A, ERKNMBTEMEARBIER, TH7E 500K ~1000K ¥
B ERFEME A TR, KLRKANERMERRY EROHR..

F4-1 HotDisk #Ek&5H
Fig.4-1 Structure of HotDisk probe
2. WA ERRABRGUKE BBRAER FRAREN, FHRLBE THRAK
GRS EAANER, FLOBEERCHE——ER TR, ETHEN
KA, RER VRIS HRLFTEHMREREN X R. TEEENER
BARME RRRBKAD, REABEFARGIASY, OF: @R, M
RN R ABCR SRR T, Kk B3t T S8R 08 P EHE BUK A 4 H Th
FABAHTRAR (6], ToxtFFRRBOBRKIPOR R A5 HH 2h 2 A8 3
IR ) . IR IKE R AR B AR B, B A TR A M tH Th % 50.02
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W, BAREI410s.

3. JREE: HotDisk7ERAR B BRAFMRERKK, MHLRHB—EHH
RIRLERR PR $IETIAR, EAEM KT EME LR/ EE
T, 2dRERN—MHLERE, hTRUIRREEN, BENTRERRF
fEE. HLKRHRER KT UAR (4.5) Rpxm

R(®) =R {1+a[AT, + AT, (7)]} 4.5)
K (REREE 7 WOREXRR (49) ¢ R Ae=0REHLMMHEME;: o RHFL
HEMRE RS ATRPEHRNAKEREE; AT, RERHELMEAESE
EHEMNKTHRE EAE. b 4.5) TF

AT, ()+aT =2 _yy 46)
a R,

X B AT, A LR AR Z [ i S BE, 24 AT) = 0B R iAFE SRk
ZREREM. BFEEL—MRUERNRE AL 26, ATR—ANER. KB E
" AR A

52
A,=——- 4.7
) @7
Reft: 6 RFMAEMER: fAPEMBOAT BEK. TAT, TLETRN
AT, () =—22—-D(7) 38)
at.rk
Reft: B AMIELRIHEETIR, » DELIER, kARG AT,
D(r) R RA A
t

Kp: CHBEAR A © RAFAER E).

2
o= 4.10
5 4.10)

BAEHBIAT, B D(r) BE N —KEHEK, HBENAT, mMHEA
b Edp st T AR RN SRR, FEEENE, Bk

nt-r-k

BRI FLREAT A, «
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4.2.3.2 CREBRTRITE A T/EFRA HotDisk #v&E B a#r {3 T AR E
HEE. ARASEFERESENRAKERBRANSARZY. KRTHRER
it 4-2 iR,

L |

pc

Computation

GPIB line devi
evice

Keithley 2400
|1 s ™ mmoee ‘
Trigger link Bridge System
Keithley 2000
e I

F4-2 Hotdisk v /M R4
Fig.4-2 HotDisk thermal constant analyzer system
QAT AR HotDisk 7E B BARE S i B BRI L B T ERAH M 2 P i, BER
FERIRR 18] 3 RSk BT P AL AR AN AT LUK BIRE S AA R . EBERAIKE R
BRASAREIEESD, BELRABRPKE BB AP IEEL, EREA
FLBERT A REMIES, FLERIKE RBAES0BRE T % mEA4-3

Bz
(_.. WA A%

1™ Bk (BRTHRKERP)

CITS HOKRE (MRS
!

P4-3 HotDisk SRSk ZEBRAK B LA I8 B 0 i
Fig.4-3 Position of Hotdisk probe immerse in aqueous suspension containing Multi-walled Carbon
Nanotubes
HotDisk 7§ (X FE R 7 P A2 R T Rk & I ) FhL B AR AL, 1R 445 el BEL(EL
KA, 1R (4.6) BILRFBAME LKL PR RN R X R, BHitet
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PR AR S FRBBERT R AT REBLAEROFARYE, ML=
K, BIEPHEREDEBLFNFHURY. BHR - ERERRDERR
30min, FHLAS=ERNHRBBHE, UEERPREESHRYISTE—K.

FERBRIKE BBARR FARYCZ AT, 55T HotDisk # 4 B H Hr GHAT
PRE, & 4-1 FHi7RAA HotDisk #E R IXEZR TREBKN LB FAMEHR
teh 1:1 MZZRKEBRSRREE, HEXMPHEREEHITTHR, &
FRETE 1%L, BATEHALFIA HotDisk BTN BRIKE RR A
i 3 RARLOHAT I E RAEFTATHY.

F 4-1 HotDisk #H B ¥ KIk5 &
Table 4-1 Calibration of HotDisk thermal constant analyzer

i 1% LE Big g RO

(W/(mK)) (W/(mK)) (%)

ZHTK 0.6010 0.6 0.17

Ry 1:1 ML TROK B 0.3866 0.384 0.68

4.2 A BRAREBRRESRRABNESER RO

F 42 RGP BB ALAR FRRBAN
Table.4-4 Comparison of heat conductivity in aqueous suspension containing Multi-walled Carbon

Nanotubes

WRFE AL IR EHAVEN ] AR 1: 1
RE BT KE B #1 ZZBK B

#FE(W/mk) 0.4444 0.4859 0.3866

& 42 FiRABAKE BBAAN FRAKN K. WK 42 FATLLEH, Hn
THRAKENBIRL 1+ 1 NZ-FEEASARER, RAKIHRAKE R
BRI SR M 0.0578 Wmk, HLIEEWBRE T 15. 0% Zifkid MmN
KA B GA L EERA SAR A 0. 0993 W/imk, HLEWBIRAT 25.7% » AJLLE
H AL BRI K B B TR B 3 A R B R M b R AL R AR E
BBRAEEL 10. 7% FHEEREKDRMBEAKERTEERNT RAKNSHR
¥, AR EN FRREORE L RAETHRAKRERRELF.
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FERGKE BBSAET, SKBRKEARES5BIHRE, A TREIRERN
SEUAR . 3T EMAREBRICHBRIKE BRIE, KRB0k ARMITRE,
H—DRE T BAKERBAATHEHESE, ERAKERBAEAT TR
BRRMEEAMXIR, AT HHE, FFETHRPKERBRENIHRE, BED
RBEAKE BRRANAKRTRE ODEEARIE), MARERRIE, ¥
HHTREAUSARY. AT RBRIKE X 3 RR AR R LR AL BB
PAREHREHFRATRER 1T 200 RIBRGIK B 128 RE LR AL AR N
KERH, ZRTERNERAE FTREMER, RESHRY Ratd
HIBAURE o AN A AL B AOKE, AT REHME, BET BRAR
.

4. 3 RARERBRISHERNT 2

ERPKE BRARAR TR RALED, HER-NEENYESY, €
RBRTBAKE RERAERDSEFRESIK, FANBEEERTHRAKE
RBABKIXFRARME, HEX, WERERGFKERBAAKNRS, FHTHR
GIKE RBUAGRIASTR. Eit, BOTRRAKE RBRAKRSIR S ALRE,
RAAIER T BRAOKE BB . BT KRT RN RTRN, Bk
B X BRGK B R AR FE BV RTHLER 548 G KR F X1 BB WK BE B AE A BLER
AR, B, ERE#R A SZBRENERRMARXNES THRAKER
Bk, A THIAKRGOKE BBIRARKRI MG b e, SAUET LR E KA
KERBARRIHE, DPTRRBKGKE BBRAEENEFHEE.

4.3.1 MEF*

AT THERIKE BRBRAHE R NE LERERZBERL
F £ NDJ-1 RUBERSOR R T, MBSV S iR B S 4-4 BT
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[l 4-4 NDJ-1 BYBESE 2O BEVH R 45 4 e )
Fig.44 Schematic illustration of NDJ-1 rotary viscometer
NDJ-1 B AR R M E BB AR IR T

(1) Wewh: F45%E 10 mPa.s~100000 mPa.s

&5 0.1 mPa.s ~100.0 mPa.s

FREEE 1. 2. 3. 4 STUMET

KEE 0SHT
(2) ¥F¥#: 6/min. 12 /min. 30 r/min. 60 r/min
(3) HBRRE: £5% (FHHME)

iR Einstein Z8UHEER, WAL BHARI BT 10%0 0 HEH,

KB R B 2 BURA R R 2R AL, BTk, T BERJLEN SRR
R BE R E Pt R BUEIR BE B ZK B U R T AR i eosn, BRI A TAEZEHI & 8K
GIKE BB FTAAKRT BRI BT 1%, FrUERITPHTITIREIBR
PKE BRI A R G, AR IIERENRIOKE BB ATRAEIT A
RIS P ABRPIKE BB AR . BT ELAES&RRAKE R
WAAR TR, RN RANER 0 547/ 60 v/min A E.

A3 2NEZRSSH

ARERIKE RERAENREZ A, HAENEETHRTIRE, &43 P
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Fi7n Z F NDJ-1 B4 U VHE R TRIRKM ZE FRKRERES 111 22
RUKBREREEE, H 5P AEREIERIT THE, SRRAEE 3%UA,
BRI W] LA A A NDJI-1 B9 B s BE v X BR 90K B PR B iR A4 O RG B EAT B 5 2
AT

% 4-3NDJ-1 BUBeds SR BE T AR

Table 4-3 Calibration of NDJ-1 rotary viscometer

# & p R Ul B i {e2n i®oE

(mPa.s) {(mPas) (%)

EHFK 1.03 1.00 3
HEEN 1 RZ KB 405 3.94 28

4.3.2.1 EAEBRNNBAKREBATESENEE B 4-5 PHRAKRIKE R
BRAATEBR K E B 73 B3R 0.025%-0.05%+0.075%- 0.1%- 0.125%. 0.15%.
0.175% 02%KT BB ihsk. ME 4-5 PRILLE W, EBRPRMBRPKRE, ¥
RTHAARHE, EENFRRESEEEERIKE BBRASENEEYW
&, BROKE BBAIABERIKE RSB GMIEK. YBAKENRE
SN 0.025% B 0.2%H, FTERIIBRGIKE BBA AN 4.04 mPas
K3 T 4.52 mPas.

BRADKE B A R BB QUK BRE T 2 TR 5 o A 2 Y R Y
SRARE BRRARAEERW. ERET, BREENS FRENARK
AEFIL. HTFHRBRMGEFRIEN, EHRETFRAGTESFERZHA
WA, AEBSKRFREN L—EBNEA, XHBIBFELESTHS
HUARP IR AR BIGKRL TR, BR—EEFIE. BRsN R
WERAKE BRBRAKENA AN EERR. DK BRRAE, 3PS
PKTRTA RIS B R, RFREIIMAURREFREBHTESNEEAR
SETZEBAHEIER, ASBEEREREMM, XFIRHL BRI
M. EFRBEFET, ARRAKETRENREHFREHEEIHER, AHFH
BTE BB K B BT RS B R BT A

52



EUE RWKE BFRORY TR

5.0

451 ///.
./l—""'\

40

¥% (mPa.s)

35 L o
0.00

Il 1 1
0.10 0.15 0.20

BAKEHRESR %)

4-5 TRAVKE BB AL B AR E MR X R R
Fig.4-5 Viscosity VS mass concentration curve of in aqueous suspension containing Multi-walled
Carbon Nanotubes

4.3.2.2 PHAMNBEAKRERARERENESE B 46 iR ERES N
0. 1%MIBRA K E BRMAP 2 B IMAERRBE R 0.05%. 0.1%. 0.15%. 0.2%.
0.25%- 0.3% 0.35%. 0.4%f¥] HTAB #1 OP FLALFIMEZ BRI B Ak Bl 1k
RIRSEBE D BN & BOBER. RIBE 4-6 HRABBETUES, HEESHA
RESBIIMR, RAKE RBRARSE AN K. NE 4-6 BTLUEH,
OP FUALFIX R AR S B E KM ELL HTAB XMW K. H4E00
KRBT 0.2%0, BRAUKE B A KRS BEERE R 2 BOR S BRI
WEA—B, EHMEFIHRES BT 02%LAE, OP FALFIR K E BRRK
ARG W B B 3 T HTAB X H M.
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Fig.4-6 Viscosity VS dispersants mass concentration curve of in aqueous suspension containing
Multi-walled Carbon Nanotubes

B, BEESEFIRMBNEA, BAKEBBRAAKENTRBIHE.

HTAB EFE 7R84, BEE HTAB B MM A, WHRGERK, B
GRERERMOBEFIREHK, ¢ BT, BEEEHBK, BB
BRI,
4.3.2.3 BEMBEARERAREKEORE NWERA—HF, BROKERE
HARRERERERNRLBIEEHE. WA 47 Fin, A THRFRABRAKER
WA SRR B R RE R E R, A TR AR T HLRER 0.1%M5 A
K BBRAREREN 111 BZZBKEBES P ETRMEBKBR (REm
FIHRLRBPHRARGD &, BdHHIERKRNEE, 2305 TR
7k HTAB. OP FLALFIMIBRAK S Bl id. ZMNERE) 90 CHK MR
BRI . WE 4-7 PRTLLE W, BREKE BRI AR IRS B bE# 1R R R = T M
1&, HBETE 20 'C~50 ‘CZ AR, HEHRENZLIEEHE, BERERIT 50 C
Ja, BRAVKE BERAK BRI AT B Wi TP 28

WE 47 PEAURRABSA—ANALR, RERAKE BRRAREERESE
BB EEBHENRLER—H, BREFRENAR, BRIKEBRAK
SREBEREHEEETHRSED. Kb OP AN TREMEEERR, 60CRS
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EBHREMEARK, HEHRARAKETUEAR. BIEEAKE RBIAAAR
FERE W LUXHERRE: BENR, EROTRBRAKERTRRES) RA
BRI, B FEBRAOKRE R T RIR S AR, RS RMCREHREEZ
TR, ST BRAOKE BB AR AR LR A (0 =T T R

5.0

L —n— Z_RUKHEH
45| —eo— HTAB
- \ —a— OPRLALA
4w}
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47 BREVKE BB ERRE X R L
Fig.4-7 Viscosity VS temperature curve of in aqueous suspension containing Multi-walled Carbon

Nanotubes

4.3 3 BARE BRI AR

FEBE R AR IR BB BRI SR I 4 BB, UL KR TRt B AR A R
MRS EREIRRZRE, HERRGS THORERKERRR. FEMENE
ERRAREFH. WSFARNES K5 BT HAAEES T RIKMHE .

RAERLD T BREESRWEZES, hTF4TFRXMARUES), HEBRRE
BETRSFHIBIEERBHBES. kK, 2 TRANBRKKZIE B
A TEERIBHA T, WMEEERGHN S TREBMEN AN S, KL, &
BEREH FHRATRIBIEEBRROBES, NHERERRKSTZEE
HBEMNNAKER. XEANDERMHESE. EEAFKBRZRERR
AYIR Sy
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SFRIFMEN BRG] ), BEBRES TRERSHUARTEN . WE
HRAEEEENFRARBR AR~ BE, DRI AN BN, WE
FSIETE R AR B 53 F B AR B8 B 50 T IE VIR A7 6

T E-BRENREERRR, BT AEREEERRF NS, RS
BEERPEENRARE LFEFEUT =

BERRAE S, ERETERENALEN, ETEURAEHRERBBKR
EPE BRI, XA AT LA BOB0RL R B AR HE R BUR 51 . AT FTRER B TR0
HHIRIYE B BCE A TR R AR N, REYOTHHHEERF. 5
A RERIE T RURL R V18R 51 0,  BRBURLIE RO RAE AT RG] R BRI
AR, B Rgg mRRHR, WERECIHREIHE.

SR HRABT BN, EBRTHREFRREREKRAD, X F/AF 1 um
BRARAKIZW. ZHHERBRAMENTFEE), RN R 5
R EIH.

5B =F Rt R B MR BORSE DL R BRI R B R 0, EIEH
THAS BB RGN RAERE. Bt 85 B8 B 80 2 R 44
RIREBERSCERT, ESATRR R HIE BT A XLt AR EAE A

EBRGKE RBRAES, BARRLERTEIGIKE, BRI B3 mel,
RIS BT RRATINBETHRAKREM, WK T HRPKE RBRAEIHRE,
XRBRMKE BBARAEHER KRNI BERRALZ—. R, BEEBRRS D,
HFEABWRET, BURLRIEE K AR/ . FORLE R D SR m, BARMKE
PRI AR 2 B 2R ey TR0RL )46 A AR LR T FE AR — N RBP4, A
T PBEHAKE BRI RS — PR, E5h, B TEEBRNFE, BAXK
BRBAABTER T HIAASAEENS, BEShFREBIFEERS. X
BERENHIBAGRENME, ERRANRDEATEAERERL. —BETR
B HEAER, RANBSIMARERES), BEEEEERD, TIRERED,
[EEEMM: 5H—FERER KT KPR T R BIAR KT | R,
RAENER:, X6, BARSIKERBEE—BOLETRTZY, AFEIENZE
EEMRER, WEEA. LBRRE— P, BHRsh R8T 55t
BB, XRDEMEHSEKR. BB —EREN, EERSFERTERNTZ
[RIREHEAIPE Sy, X WMBRAKE R AR R R RS E R RS,
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4. A BRARERBRIKLEABNE

BAAKE BBAALEAENFTA T EERAREAROARE, —RF
R, ERBPRRIKE RBRAESRAN, EFFRETH—BHEAR, B
BWKAREEERT BRNOHH: GRELEITH, BGL4TIFRE, A4
ENFRE, EXAIBA, HFRIERMEE, DL ERKE, RA
e R. —RERBERBTARS, HTFIHFESN GERFREH. 5
BREMNES) KB, BAKE BB B 5 AR w N5 A nae R 40
Ko BELLESHFATLEN, RAKEBBRAEHLATREARERYERNE
BERMARL—. A THARIKE RERAK AT RABAYENEW,
R S ER KK E RBAAK AR — P LR R,

ATTYERA DSC HERIA T BRAOKE BRI LA, 281 T 49KB0RL. 4
BORIFR SRS BXRAOKE BB AL AR, I ABRGIOK B T A EL #4
AR, HTHRIKE RRRA L AER R,

4.4.1 MENF

A TR TREABRGKE BB L AR B R HER TA AREF=K#
RREFRFHENM DSC-Q10, B 4-8 A #ifik DSC RHERAEME. HEXRR
K BRUERSSLEER GRE) 2B TFREPAERELGHRMNEY T & L,
L TRMUAERKMRERN, JRRRETRFARRREZHERSSIRR, &
FHREMRENBBRHR AR, —HEXFERN=E. MEMTEWFET AN
B AR BRI B AR R ES AR ERREE, BRERX (4.11)
RA T E R AR,
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Kl 4-8 #iii DSC RERER
Fig.4-8 Schematic diagram of heat flux DSC

4.4.2 N2 RE

FEAAR B 5 SO BB AR LT 1 CRT AT a0 . FIDSCIANE
LR, WA RAELRHERFFHRIZHE T, FA S K Rhis SR R S M E w,
EETHMEENHE. EFRRE - RAZNEREEEA, HRFHREE
R MFEFIIXRAR

40 1 do dr 1
gl 90 0 5 4,
PTAT m dt dT m (%11

R C, ARFFHILLRA; dQ FdT 254 A SRk AREZENREZE: m A
WHRRE: o hrE. —BERT, RBEERMNEQ/ dT MAXHE, FitiE
HRAREMRF T E. SRMEBHAERMEBERETUT =KL &
BER. RELRARAELR. REARSE HAKTNRKREIDSCHLWE4-9
Pims.
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Fig. 4-9 DSC curve of specific heat capacity testing after baseline adjustment
[: ZARGEBETNFRER; 1. £LILERT, HFREER:
BT B RIRAE T St (] ¢
ATHERAESED#S, REDSCREAMLARNENL, THRXER (4.12)
R (4.13).
M?C, P P rin = Pntorn @4.12)
M= C,™ & Py aon-rer = Pankorn 4.13)
A PARREE (dQ/dt), Lfabrsp Mcal HRRFBENKLEN R, B
P imenrin> Prativation-ren T Prignt i » EIFIRAHEA (415 #HHC,”, BAHC,™
m™ Mm” EH R T

m SPCP-’P — Pspecimeu—rm -Pblank-run
- 4.14)
m-c, . ctirasion-ren — Lotant—rum
cal P ~-PB
e, =c,= T speinennn __bork-rin 4.15)

m¥ P, callbmdm—nu—Pblank—m

HTHEER (sapphire) KILRAEEEFTMEEEHAKIREREF02%, B
D—B TR ELRERUERAMIFERL. ERRORELEA, 2k
HKEwW, MR AEMEEEELRE.
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4.4 3 MELR

AT HENBR TN, SENE TRETEEN 20 'T~40 CHEBTKHIELH
&, R 44 hH DSCHERBHIKIOLEHAE, SXRMELE, HBEXHMREAD
F 1.2%, ViR TE IR M AR AT B A RERIE T B R

& 4-4 DSC H:52 /KA
Table 4-4 Specific heat capacity testing of water
% WA (Wike.C)) HIA R 2
(C) BEE SCAR{ED (%)
20 4.176 4.182 -0.143
25 4.192 4.181 0.263
30 4206 4179 0.646
35 4217 4178 0.933
40 4.227 4179 1.148

4 43 IREMNBARERARKLAZOER E4-104H T RESHH0.1%
HIBRAKE B AR LB BRI, LURESBN0.1%HTHTABHI
OPFLALFIE S RUGT) . ZERRRB X BRAKE BB AL AN, hTLR
FAFRRE], FRBA T RERBAKE BRI AR AN (BRERLE) 3
HAEREW, FURENT ZRMERFEMRERERITT 24. AE4-109
AUEH, BRAKE BEAAR L RALE34 'C~35 C 15 5 76 B A VR /M
B, A LNEHLE.

WESCERPREIE, EZREAHT, FHER 111 HZZBKERNELAE
#3.281 Ki(kgK), RIAR, #4E LRRRHEE, B 4-10 4l RIBRKE BB
FRILERE R FARES 1:1 B2 ZBKE R LA, OP FLALHIX LA
B EE =T HTAB.
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Fig.4-10 Specific heat capacity VS temperature curve of in aqueous suspension containing

Multi-walled Carbon Nanotubes
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EENBAKE BBRAN AR, SRESARY. HEMNLRAESH
TFTTERTIN, FNLRERBTTRAFANS, BHNSERWT:

1. BRYUCKRE AT LA BIR M B R RE, IRAKE LA B mT LU i —
SREFHEAEL

2. BROUKE BRI B BEBR UK B R A 4 O & BRI INTI K, &
TR LA AR BN KW, RIRSRIBRGIKE BRI AR B AR I8 K
BARR, SEAMRAKREBRAAEENEHEEOHBSNSTFEHRE.
s, BEHEEWRAKE RERAREEN— N EERE, ROKE BB
4 B B 1 FEE B Y T 7 T e

3BRAKE BRI AR BEER B R IR /D, OP FLALHIX b A AR
HEERT HTAB.
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FHE RAREBRANIEKAERRRY

515|5

BRAKE RABTRAR K 6 B B UK B BB IR KB R R BRI R BB
HEEENEW. RIKERBERAOCEEENRTEERE, HAELBAB
Ep—BOA N RIFEBRAER, AT BB fER T LA RIS AT, BEEBRIK
BERBIAFUARR, bTFEEBRNOFE, KIOKE RBAEN CHERRT
RILSE, SOKRLTFRGERBORMBEEM . BERRT BB E R T A7E8m
A BEP RO, Bk, i inE AR T AT DA SR T i e R R e A
FEFE@T S AAEEIR T RAKE RBABHEN R, M THRAKER
BT RE RER R R BT RSB LB T BRGK B R A Rt A%
BAERE, 47 T BRAKE RBRA AR BRI AR R,

5.2 RN AR ERIMFIRR L 1 RE

5.2.1 Mk A%

AT % UV-1600 K5/ AT, ILREFDH AR AR A,

RRATTE: & HA R RGP E Rk £FZRBRET, A UV-1600
RAMET A EREEVE (BKTERY 190 nm ~1100 nm) 3 &FH B BRAKE R
TAKIEN RHTHR, CREMREEN T ERAKE BBAR BN ROE
o
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5. 2. 2 AN [6) 43 B A B FHE T A $2 00

A 5-1 TR A IS B BE 7 SRR 9K B R AR E B TS E 0 190 nm
~1100 nm M RH THIES . WA 5-1 PEILEH, a BPWATRRES
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Fig.5-1 Curve of transmissivity VS mass concentration of surfactant in aqueous suspension
containing Multi-walled Carbon Nanotubes
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Fig.5-6 Schematic illustration of photo-thermal experimental apparatus for aqueous suspension

containing Multi-walled Carbon Nanotubes
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Nanotubes (2008.10.10, Guangzhou)
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