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Spectroscopy and Spectral Analysis
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B~ F L RE A b (polydimethylsiloxane, PDMS) [ 4 %
KPR Ik F B B W B2 2 . 3 B ik 55 UL AR Oy e ST A
JTIZ . TR O 3L A e (PDMS) 1) 0% 48 7 e G 2%
FLA R AR R R RS A R AR O BB D A
ATRE ., FE A5 AN T BT B A AR R T 1T Lee 4 AE
CNT-PDMS Sl 7 4 8L J7 T AS A3 40 19 20 B 1 4] 42 155 06 75
oA, PR B T IRANK B — Fh EAR A U W R R, T
I H T B AR G Y BEL T DS TE AR 1 TR 8 — A S 1 A
HFE A, 2006 4F, Hou i 7 4 & K45
PDMS & & 754 1.5 MPa & i 51, 2014 4F. Colchester
Zffi [l CNT-PDMS & 4528 T 4.5 MPa gy [EF), 2015
4, Chang % FI| 9K B 21 455 PDMS & W™ & T E )
S 12.15 MPa [ A, 2018 4%, Chen %5 J@ /R T — Fl 7
SRR A LIU-T, #]f PDMS/Au-CNT yarn-PDMS i /E
T —FOR LG R . BT LA AR 33,6 MPa il e
FIRIG 75 B B e RO 2. 7410720

Huang 4575 2016 4E42 i & R 1Y 5 ik vh 72 88 75 36 97 #
AR AP A e N P AR R T e R SR A R IR T
AR A A0 EEHLHI A 25 it y i . T S
KRl N K LA N i 0L v TR S AR S TR I 25 0 1 Tk
MO AR S TR WA T P ROVE AT, FRATR T W6 A Rl ik 4
KA (CNT) F B A w5 I ik & H0ry Bk PDMS (2 )y 310 X
1070 pm e ym '« CTOREYSI GG AL mEEAE.
$2 e YR PDMS 5 CNT HI/ERCK R E & WA LTU-T 1977
e, I YRR HEAT RAE . 8 b XA [F e vk el i LIU-T
BEAT P R M SR AR, Bt 2 A LIU-T. [ i) 2% & 2
LIU-T (4 Y 3 25 6 0 . 331 7 22 M 0Ok 8 7 5 he 2%
(laser ultrasonic transducer of soft film, LIU-TF), iXFj &l
#y LIU-TF gE/™E 5 JE 5. 2 MPa, $1EBEST s, e =1k,
To AR A IR O TR A AR R R R A ), G HOR AL 5 09 f ik
IR PR R R TE B BRR T SF SUE R

1 SERpsy

4 LIU-T (M se 8RB E 1 FiR . B0 200 35 38 4 s
S5 B G R MR M A AR R B A R R R . ZEFRAT
BT b W B ORE SR R R O L B Bk 4 K K 4 O
TNWDM-15Cr E R} 27 B i #8 A HLAL = A BR A ED . 13K
A 5 M, AR TE S 5 min, UK A4 RLR F R
W ik & 20 PDMS ¥ . PDMS # ¥ R ] PDMS 3t R
(Sylgard184 #, 2% [H Dow Corning 2 &) FlIE LTI LL 10 ¢ 1
AR IR &35, SRR E T2 5= P BA 30 min, FlH
ARFH 5 min, % B B R 2 o R IR REDORS A9 T S A AR
T . BRI BHL(KW-4A/5 B, v E #2325 im F F
G0 BBk 290 DK B 7K 43 80U T Uk B O 2 B B IR B 4R il e
U L BE 4R B 4 500, 4 000, 3500, 3 000 125001+ min~',
e B 328 2 min, 4R 5K 2 B B BL LA 80 °C iy 1E R
. 2 h JFIRH . BRI AL PDMS B LA 4 000 ¢+
min ' Y B H 5T R TR IR TE € 20 R A Bk 4 0K B K 3 B0 1Y B

BIENE b A 80 CRytEEL AT . 2 h E I, filAr AR
26 o IS AN [ i v B2 R B9 LIU-T 19 48 75 e 1 2R 47 R AL
53 B et f 416 14 e ok L4 B LIU-T .
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Fig. 1 Schematic diagram of the LIU-T
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Fig. 2 Schematic diagram of the experimental device

for photoacoustic signal generation

SCE . ST ARIE PDMS 19 JE U i R0 E U o I PR R OR
A5, MR CNT LEAH [F) A B8 I i A1 00 T e ok 30 X 7 2%
FrrE Ry, B . 48— LIU-T 4542 th PDMS %% L 4 000
r e min ! AY R BE 2 AT HENR . CNT ¥ W 76 A R & & F 43 )
Bl 4 500, 4 000, 3 500, 3 000 F 2 500 r = min ¥ 58 B e
BB, ZEHEOERE R 55 m) « pulse™, M4 —4] LIU-
T A8 A R IR 04T FET 284, B2 Mg i 3 frs, [
t—6 dB A SR AL SRR TR AR 1 . A 3 fEk
LHLAE d, 4 T AR R L) A0 A8 W) b EE 9 CNT Wi, B A
CNT ¥ W T v 3 BE 13 T i /s, — 6 dB il B8 50 3 28 T U /)N
BN 4 500 W /NE] 4 000 re min b, HrL SRR 1.2
MHz, % % B/ 0. 3 MHz, B K0 0. 3 MPa; 45 3 500
remin ' EEA . 4 000 r e minT ' G B ER /N 0. 2
MHz, #5898 FEHG I 0. 6 MHz, AR 1 MPa, 4846/ J5
R LIU-T R JEEE . Y J5E BE AN 52 i 330 B W e 38 32
M R P 00 2 i BB TR RO B R AR K, (LR 7 A% B 1) 5 R
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iR, PR R B LB R e PR AR R R A S, T BE IR
R R e B O R . S8 kR Ak Ay AT T A, 2 CONT %
4000 r+ min ', B EOCEBSES BIE.
1.2 PDMS #EifiEEX LIU-T 5 F 4 mA R R
LIU-T i % B [ 2 CNT g3 i, Ik % 5% 4 000 r -
min~', PDMS % 3 4% B HL 4 500, 4 000, 3 500, 3 000 Fl
2500 r+ min~ ', FEHIOCRERAE 55 m] « pulse ', [RFEXT1G
BN 55 HEAT FET 4840, 13 204005 an &l 4 s . xF
4 HEAT AN A3 3] —6 dB A TE T Y HhC AR R 9 9 3R
2 PR, GG A M 2 AT RUE B A [R] A0 A [R] E
) PDMS %00, bifi 25 e U 9 BE 19 38 0 0 /1 . — 6 dBAY 58 98
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Fig. 3 Photoacoustic signals generated by
the different rotation speed of CNT
(a): 4500 remin™'; (b): 4000 r+min"'; (¢): 3500« min';
(d) 3000r+min'; (e): 2500 r » min~!
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Table 1 FFT spectrum analysis at different CNT

rotational speeds

CNT 3 4% 8 LIRRYIES 5 e R

/(r+ min 1) /MHz /MHz /MPa
4 500 3.3 5.5 4.9
4 000 4.5 5.2 5.2
3 500 4.7 4.6 4.2
3 000 4.2 4.0 3.8
2 500 4.0 2.5 3.1

BT LGSR IN 1.1 MHz, 47 5858 B 0. 2 MHz, 75

H3E T 1 MPa; 3 500 v« min "#iEE 4 000 r « min "EE T 1Y

b A 0.8 MHz, 4 58 58 BB/ 0. 6 MHz, 7 R8N
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Fig. 4 Photoacoustic signals generated by different PDMS speeds
(a): 4500 r* min"'; (b): 4000 r*min"'; (¢): 3500 r+* min~';
(d): 3000 r+min'; (e): 2500 r+ min!

1.3 MPa, %4 FLHIE 3 FilEl 4, 24 PDMS Hl CNT Jig i i fiF
#4000 r- min ', B EOLESES RE.

%2 [ PDMS #iE T H) FFT k3R % 5 47
Table 2 FFT spectrum analysis at different
PDMS rotational speeds

4 500 3.4 5.0 4.2
4 000 4.5 5.2 5.2
3 500 3.7 4.6 3.9
3 000 3.6 4.0 3.5
2 500 3.5 4.0 3.2

2 LIU-T 2Pk ge A0

2.1 AEHAESI LIU-T B 5 F 45 SR 0 EFR

SR FH dpe AR T U 0 B TC L AR IO & & B LIU-T 7E & 2 i
TN ISR A B AT S0 80 . A R H e fiR R 4 IR LIU-T p
AR AEES, LIU-T 7E KB 205 ik g 48 1y 45 4k, KE
A E #6828 (OLYMPUS V317, i % 20 MHz ) ¥ 42 Yk 5
B8 7 {5 5 38 1 BT R P g (S MSO7104A) 8 3% . 71 I
JeAR I ST OB TR, R EE LIU-T 57K 20K B 46 G845 19
ALEAAE . A RNEOGRE T T O 8 e 6E 48 ™ AR 1 75 R 0 K
5. LA . YiOGRERE /N T 55 m] - pulse 'BF, ARG
PG5 B OLRE R MG KM K, 76 55 m] » pulse "W
KB R, AR 5.2 MPa, X2 THEA S BA—E
PR R M BOGRB I — 2P R, S A X R
PGS YA
2.2 LIU-T ZEEHHES

P i AEBC AR 45 19 LIU-T, 723 Ot fE i 55 m] -
pulse ' FX LIU-T 75 47 R Pk 2047 003k 0325 & 0 s B A
N 6 BT Bk vh 8O 8 bt B s U L DGR AT R &R
S5 BRGT RO  0 BOG I R RE AR M2 RS Bl BT oK T 4%

6
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Fig. 5 Photoacoustic signals generated
by different laser energies
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Fig. 6 Schematic diagram of experimental apparatus for laser
ultrasonic photoacoustic signal characteristics along the
axis of LIU-T
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Fig. 7 Photoacoustic signal characteristics in y directions
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P FF R R B R E e RE AL R i A DR . R B
SPRL RS, B S A N A S0 ke B s BRI AN & 8
s K o O S R B RO R PR A S Sl ot
BE R R GTE LIU-T, @5 5 05 Al & H K8 20k f 4 6
BRME S . SRR IE AR 9 TR, 43 1 Ok BE B 38 AT IR Ca) |
PO AT R (b) L KA B R A B RRE (o) . CNT 1 PDMS ¥4
4 000 r+ min "#E @, BOGRER 55 m] ¢ pulse ', HAERS FE
KB A ERIRAESS S, IR ERBER WO R ERR R
7 mm, HA& 7 mm FOEEEARUE T 06 6 BE 458 7E B s g A
FE 3w/ E A 1
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Fig. 8 Schematic diagram of different

substrate experimental devices

2.3.1 I IHATIR B FHES M

WL UnE 8 iR B2 B IR B, Wob B R 2 ad B B8 )
J& LIU-T, @REE M 55 m] « pulse™ " #OLIE & i TAKE A
H B ERAE s AL LIU-T )5, Hth iy 5 5 an gl 10 () iy
s AT LLUE il % 15 5 B 58 — IR B B A5 S i 1AL Ok 21 43
B, B TR R LR EE N 1500 m - s ', BRLAITFR

MURE B 31. 5 mm, SSEPREE AW G . & 10(h) 2 F 10¢a)
BIRCR AR . B U 20 /Y f5 5 28 4 A5 2 1E 6 1m) 757 K 43 0l A
3.9 #—2.3 MPa, Zid # g4 AR R —6 dB 7 98 2 7 4
K 10Ce) iR » A A AR Y 2. 5~7. 9 MHz.
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Fig. 9 Samples of different substrates for

different boundary conditions
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Fig. 10 (a) Trigger and received signals; (b) Enlarged signal;
(¢) — 6 db bandwidth spectrum for hard glass sub-
strate
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(¢) —6 db bandwidth spectrum for soft film substrate
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IR . RS RS B B 2~ 7.8 MHz S 58 L1 5 B 55 4 K
Te . ARGFR Tk, FERFRIT AR KT .
2.3.3 KAR TR BRERZ T H RSN

[FIREE L & 8 iR 2 Bon B E, HAERE N 55 m) »
pulse™" #6337 F 7K 5 20 HL 40 A 28 45 a5 b 1 e RE R S
i B S AN 12 Ca) B, [RRE M5 5 ok, SERR I
BSLBRMARMEEAY S . B 120 & 12 WK E
T BB E T S0 4 A B IE 61 R 4R B 2.0
—2.1 MPa, K% 332 1) —6 dB 47 58 - Hr i &l 12 (o)
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Fig. 12 (a)Trigger and received signals; (b) Enlarged signal;
(¢) —6 db bandwidth spectrum for soft film substrate
under the water
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Fig. 13 Photoacoustic signals generated by
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Photoacoustic Properties of Carbon Nanotubes-Polydimethylsiloxane

WU Ran-ran ?, XIA Hui** , ZHANG Jing-jing' » XUN Li-na'* , SUN Zhi-shen®, LI Yuan-yuan®

1. School of Electrical Engineering and Automation, Anhui University, Hefei 230601, China

2. Institute of Electrical Engineering, Chinese Academy of Sciences, Beijing 100190, China

3. College of Information and Communication Engineering, Faculty of Information Technology. Beijing University of Technolo-
gy, Beijing 100124, China

Abstract Carbon nanotubes-polydimethylsiloxane (CNT-PDMS) is a new type of laser ultrasonic transducer (LIU-T)composite
material with high frequency, wide width and high amplitude. The composite film can be used as an efficient and robust
ultrasonic emitter for diagnosis and treatment. The intrinsic structure of nanocomposites provides unique thermal, optical and
mechanical properties, which are not only conducive to energy conversion but also robust to pulsed laser ablation. PDMS
polymers have high thermoelastic coefficients that allow materials to stretch and produce ultrasound. In this paper, the charac-
teristics of photoacoustic signals produced by several kinds of composite films are studied, the photoacoustic signal characteristics
under the different substrate and water boundary conditions were tested. Photoacoustic transducers made of carbon nanomaterials
with high light absorption and PDMS polymers with high expansibility not only reduce the thickness of materials but also are ex-
pected to generate high frequency and high intensity ultrasonic signals. The thickness of the hard glass substrate realized in this
paper is about 1mm, the thickness of the soft film substrate is at the micron level, and the thickness of water boundary condi-
tions are 3 mm. Under pulsed laser excitation, the ultrasonic pressure at the end surfaces of water boundary conditions and hard
glass substrates and soft film substrates was 2. 0, 3.9 and 5. 2 MPa. respectively. Through a series of studies, it is concluded
that: (1) soft film substrate (3X3) has better negative pulse than hard glass substrate (3X3), which is more suitable for pho-
toacoustic cavitation treatment; (2) water boundary conditions are not conducive to the generation of high-intensity photoacoustic
signals. In a word, compared with piezoelectric transducers, laser-induced ultrasonic transducers have more potential to produce
high- amplitude ultrasonic signals with a wide width and provide a new method of ultrasonic excitation without interference struc-
tures such as electronics, which is expected to be a new generation of laser ultrasonic transducers to replace piezoelectric trans-
ducers. The application of this new method in magneto-acoustic imaging can greatly reduce the interference of ultrasonic excita-
tion sources. At the same time, compared with mixing CNT into PDMS, the method adopted in this experiment is more simple,
convenient and material saving. For traditional hard glass substrate, the implementation of soft film substrate can produce high
sound pressure 5. 2 MPa, and center frequency in 5 MHZ, and —6 dB ultrasound is relatively close to 5 MHz wide bandwidth,
compared with the 4.5 MPa pressure produced by the early implementation of CNT-PDMS Photoacoustic transducer in 2014,
this paper implementation has more clinical application prospect. applied in Magneto-acoustic electric imaging etc. to avoid elec-

tromagnetic interference has the very good effect.
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