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Preparation of Alternating and Multilayer PC/PMMA Optical Film
Huang Liang, Yang Weimin, Jiao Zhiwei, Shi Meinong, Ding Yumei
(College of Mechanical and Electrical Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract : The alternating and multilayer polycarbonate (PC) / polymethyl methacrylate (PMMA) optical film was prepared by
the self-made micro-nano multilayer co-extrusion device and the double tensile test. The optical properties of films were character-
ized. The average transmissivity-of alternating multilayer PC/PMMA films prepared by micro-layer co-extrusion equipment is over
75% in the visible region, and the maximum reflectivity in the near-infrared region reaches 19.5%, which greatly higher than that of
single material films. Generally speaking, thevisible transmissivity of the alternating multilayer films with different thicknesses are
above 80%, and the reflectivity for the near-infrared region varied with the thickness in the thickness range of 40-90 . m. The film
with thickness of 50 . m has best integrated optical performance which the average reflectivity for near-infrared region is over 23%
the maximum for 31.66%, and the total visible light transmittance is over 75%. The optical film can be used in the glass of building,
car and so on for ruducing energy consumption by solar heat insulation and intelligent interior lighting.

Keywords : micro-nano multilayer co-extrusion ; polycarbonate / polymethyl methacrylate ; optical film ; near-infrared re-
gion ; optical property

REVALGZIZIPT B E 2 s 2 f GERBHEAGE , i3 ARG B i P I EIUR , FRARRE
DU EAFERERGYIMAER I 2 B A8 Myl Y, 7EF 527, J. M. Jonza™ % BOGTE B FIAS
MUEEMAE G, A G AR AR TR RO Y S SRR, 8 ) 2 R A5
L AR e I DI RE AW AL KL, LT 2 HE g S g —FEIJ%%?BZ{%E’J%,ﬁiﬂiﬁﬁﬁl\EﬂiE’J%fiﬁt,\Eﬁ
%H&%Tf”?if“ﬂ%?%\:ﬁ%\ RBT EFEAGUR DITHURAESEE 3M AR SERL T AR T A

éﬁuﬁ?@”&@ EBFHOR I & %ﬂﬁlﬁl’ﬂﬁﬁ”ﬁﬁ %ﬁﬁﬁfﬁ?ﬁc%ﬂﬁ?ﬁﬁzfﬁ%cnmo BRItz oh, A
Xﬁﬁt//'\ HEoF MR 2N TR VR B i R R TR s PR R s T oA

BEEWA : FRIET IS (2016YFB0302000), 16 5T A AR H4: T H (2162033)

BIRER 40, W, FENFERAY I TIRB AR AFE E-mail : jlaozw@mail.buct.edu.cn

We#s BB : 2018-08-21

S| A W LR, B, % SBL 2 PC/PMMA DGR AT 4 [J]. TRME L 2018,46(11) : 6-10.
Huang Liang, Yang Weimin, Jiao Zhiwei, et al. Preparation of alternating and multilayer PC /PMMA optical film[J]. Engineering Plastics
Application,2018,46(11) : 6-10.


杨超


WL A T2 PC/ PMMA S IR 1 il 4 7

SIS N [ N7y S R R 7 o p S N A T B
FUBBINTT REAY E ARG, AR5 A5 T o eSS 8 I 5
4- LI -1(TPX) I RN M (PP) Uitk 7, ¥R 5%
TR f SR A S A R R S S P R Y 5
M FEfAE T 25, AR AY 42 S 5 35 1) 80%
DL AR Ak il 2t 118 TS 1] I o SR ARAIR
L. J. Meng % "2 3 1 0% ik sp T B i 45 B AR
(1) ZnO 375 B S FL A, 4 1T DL Bl P 19 a8 ik %
ik 87%, 7EIT LT /MK S e B0 A i S S % HR X
SERFFE R AR (14 R 2R B il A B AR e B el 75
Te B AL

PRI [R1T SR k3l 2o Sl 2 & e 4%
T A RHAD 7 FHUZ A 454 ARk B3, 24 KB
RS 2 L R, ] LK R BH G ) 2D i
PR IS, L2k 2 AT UL Y e s T, 15 3
FARE TR R RL . IR R A S5
JIEE 7= iy P A S B R PR A B B2 22 I RESR DGR
o e, BEARAERE , AT T30 R RSB 1y R G
FEE AR ARG B il 28 A 7 B, R T SR
R R AR 7= KON FH . 2B 35 R A Bl Tl 2 &
RS E, VEET SR 22 R IR I (PC) MR
F LN TR F i (PMMA) #48L, il % H PCZPMMA
R JE A I AT T S s, Xf
WA R YA M RE R A T FAIE ST 5T 17 VB JEE X

Z | IR A PERE AT RN .
1 SCIRERSY
1.1 =ZRH

PC : Makrolon®2405 , 7% [E FEH-/A 1)
PMMA : VH001, H 7R =22 [ BHA 7]
1.2 MNBREE
BLos TR : DZF-6050 %, | i —fERH A R

5
&

LT A (SEM) : S-4700 %1, H A H 57

b

TR ERASSU m PAEE ML : LHLSO0L &Y, il 3k =
AR & AT PR A 7 5

AN WAOEH R UV1900 B, By 3t
AR A BR A 5

PAREATEF AL : SI-30 / 35 1Y, sk SEuk T BE VT AL
P BRAF 5

eI 2 B R R AW, R R
WE 1 PR, ZETRRE RS ET AL JE AR
LA 2SR E Bk R i B HIIE 42

5

&l

SIHEE B EAN . ABEREPIKT 4 ES
WH L DT R B R 5 SR,
& iR T E % H) (200910237622.5) FALFHH
RS R B ' 2 RS E A R,
it e 9 525 e VAR [ i It 0 ae R v 7 B
[i] b Sy DU PR AR , g 5 1) i B i A 90° I Je i,
TEJ2 S5 8 OANC A I 2 x 4=8 215K, B 5%
TR =Y R B B IR B 2 x 4°=128 |2 Ik
5K, B n — RS B R AR R PR A R
L9143, He BIE R 4 240 PC/ PMMA RYJEJE L, 15
2| 4 ARREEER) 512 R REW T A IGIR. i
Je FRBF AR SR BGHE IR b, 28 R SE S v e
A B — e SR B Hh 22 5 LRI 20 1 5 1A
o

I—HFRHL T 2— A s 3—HF bl T 5 4—ILAR;
S—IRBME,; 6—JRIEREE, TR HIREE, A,
O—ICER E; 10—FF i A
S )= S vy =N

K2 JZ&niEEE

1.3 XAEEH &

FIIH G2 Bl 2 S 5T e B i 48 50
Z )7 PC/PMMA M RGRARE . AR 45 # 7m 2 an
K 3 PR, %I H 4 40K [FE K PC/PMMA
LA I, B4 &4 128 )2 PC/PMMA JEZ,
JZH0CR 512 2. il B K PC kL E T 120C
A2 T4 THE 8 h, PMMA BHE T 85°C I HE
2 TIRFE D 4 b XG2S e
FTWONAA, PCRBHE 94T i HLIY X3 % a2 Sk 200,
240,265,270°C, PMMA B} i 4 th AL I X8 1k
5E M 190,220, 250,260 °C., [ K J2 8 25 8 1 % 8
MREEY) N 265°C , FHik BB E IR EE4ERE 5 min J57F
LRSI, PR N 15 51t HLS AT AL A 4 R 1Y)
M3k 30 1/ min, R ZES: T E5R I E S 29 r/ming


杨超


8 TRESEARER H

2018 4, 55 46 45,5 11 1

WA A55] 125 wm K& 310 wm BIFPEE RS
B2 PC/PMMA THIFRE S

X 4] 2 il £ 1 22 B £ 2 PC/PMMA I 75
T 25 0L ) P AR 6 AL A X o A e
DX B a2 A 178 °C, 5 Y X IR 69 °C, il #A s} (]
150 s, FifEfa] 5 s, MU AR Rl RGN a) b A A5 4L
BFIR[EEE 12 Z PC/PMMA Gl

7R

PC— eeeessssas e

H
M

PMMA

R

il

B3 LR E R

1.4 Hgemx

002 45 89 125 wm K 310 pom 5 [
PC/PMMA 2 )22 IR fil AR U B 8 5098 VR TS
T BT T, S W T B e A A B, I
SEM WL 19 o 5L 85 RS A T Tl %) IO 3 25k , 322
MBI AT 2 25 R B4

W WU 58 A1 3 6 BE S RIE AT w0 4R 4k, T
TS I S R D8 A N4t S PR 182 R 30 4T A D Bt
(780 ~ 1100 nm), [& 22 4 S S e ki &, FIH =%
ISR S AT IEEALUE, LA PC, PMMA J PC/
PMMA R ARE | 43 I B R A 3 21 A S5

D) R R 378 o 23R T Y0 3 L i3 7SR T
S B (400 ~ 760 nm), A it FIHF T
FEERAHE , PRI RE SO, 43 IS & 4 1) D,
2 HR5iTe
2.1 RHLEERNTEEH

& 4 W1 #4509 310 wm & 125 wm JEE
1) 8 B AE K 3000 45 T AW i SEM 8 Fr o A
4 RTFE YRR A 310 pm, (U2 R f /Al
ik 600 nm ZE AT, AN 2 S LR A il R S B £
JZ PC/PMMA #iEAEF-A7 TH5 th 7 1) L a3 )2 ROk
Wi, 2 5 2 ) R I 22 A, AT HES ], i
T YRR 125 pom I, U2 B fe/ ]
iKE] 250 nm ZEAT, Ay ERCR I B (A2 5 )2 2 1H]

B G ER R, B T 2RI T YRS, i n] hE
5 PR AR S AR AR LR T T ARk
ﬁ?‘éo

a—310 pm;b—125 pm
4 PFARFEEE 3R Z )2 PC/PMMA SIS SEM HE 5

2.2 B L EEEARF R

X & B PR R R EE ) PC/ PMMA £ )2
WEIEHEAT T iR, W T AR T 2T A1 X 5
f S5 2R (780 ~ 1100 nm) Kz 1] WL I i) i85 1 %
(400 ~ 760 nm). 3CAEZ )Y S ET A E 5
N, ﬁ%ﬂ%i&%ﬁbgﬁzﬂmﬁﬁ%o

A 310 um

A 125 um

750 850 950 1050 1150
WA / nm

H5 AR T PC/PMMA S84 5 I i il

K125 pom BEJE (A AT AT A0 X3 5 — e o
X3k ( 760~940 nm ) Sz iR I B 55 T 310 pum fiE
JEL A — o IX el i 0 0 1 L D AR I (HU S
F S AR X I8 940~1 130 nm ) Sz 5 ik i = T
I, HOBOA AT B B , 204 X I e Kk
SN 19.5%, T RURRTE 18% LU |

&l 6 A [RIERE T B2 2 2 I 5

82 125 um

80
78

76

B/ %

“ 310 ym

72

70 ! ! ! ]
400 500 600 700 800

P/ nm
K6 ARIERETFAYPC/PMMA 3885 22 2 I8 535 51 F
F 1l 6 AT, SR, 125 pom BEJELEE Y
HEE T 310 wm BRI, -] 0 tis i 5



杨超


WL A T2 PC/ PMMA S IR 1 il 4 9

ik 75% DL b IWIRshEds BE , BrE ARk g
HATHRE RS i sh (05 5 R 8 A
TR FEI A B4t FR AL G 2 1) 15 5 AR

(] S, 34 T A5 7 AH ) S JEE B2 (310 wom), AH [A)
245 (512 )2 ) M REAY 4l PC, 4l PMMA R,
528 Z 2 PC/PMMA IR AT 41 51 X 5 (780 ~
1100 nm) M S BLHEA T G, UL 7. R B 7 R]
DL G & R, 388 2 2 PC / PMMA JIE 1 S5 S5 2% 1
4fi PC, PMMA JEE ) S 58 1 R B Ay 2 e O 2L
A LI A W A AR , R TR R UZ BT
G R RO =R (SR R P SN =) | [ B e A ) 2 4
RS RE I h R AT 28 UG, B DA — MR
S5 AT T i o

20

PC / PMMA
18&AJfognJﬂhA\l\f”

16

141

R/ %

121
10
PMMA g
8 -W 1 |
750 850 950 1050 1150
W /nm
B 7 AR Z)RIES PC/PMMA 88 £ 2 IR S k&

2.3 BEXNRHZEEBRLFRRGTA

) T R 2 0L 1) Pz e K 96 AL X ) A A
B 22 J2 8 5 E 47 X[ P A 52 56, A5 3 R 6] R
(40~90 wm) WAL EZ |2 PC/PMMA i i, il 15
40~90 pm JE I X [A] T A4 114 30T 21 40 X 35 (780
~1100 nm) RGOS, K 8 m i REEX L £
JZ PC/PMMA 8RR RE 520

32 r

30
28
26
24 2
22 + J
20 +
18 -

16

14 1 1 1 I
750 850 950 1050 1150

WA / nm
=—40 ym; «—50 pm; «~—60 ym; v—70 pm;

RASE /%

+—80 pm; «—90 ym; »—100 pm
K8 RIS FHY PC/PMMA SO L 2 A I

22 X P JE 38 2 )2 PC/ PMMA T fE 4
W) i 4% 0 IR T £ 40 X 38, (780 ~ 1100 nm) F)
SHTRA T RIER$ET. JEETES0 pm A1

TS R BT ST AT A DX I S S e v 0, R S Rk
31.66%, V- 241 2 5 % AF 23% LA b, HAE 40 wm
SR 2 — R I R A T A8 56 B I & R
TEK, PR RE 40 pmA THRKRBIEE.,
MR R IAE 60 wm, 55— KA BB g
ZHTRA T 2R, SR EAR R B i S S 2
60 pm LU AR X H A 80 wm A4y R
PR A L SR B A A A e 1P A RS 32,90 wem
B Sl J e 0 O Bt 1) &5 R AT A T T A
P VAN AT REAE BTN B LAk .

K9 M A ] JEE BE (40~ 90 pom) Af WOt X I,
(400 ~ 760 nm) 1Y 3% L O Kl 43 A A5 B,
14 S AR JEE 52 31 L P A i DR A% AT UL S I8 Bt (400 ~
760 nm) = Y R 7 ek R B AT O G B3 in
B TR WA 40 wm B, BT LG
34935 it A 80% LA L. IMAE 50 pom JEEE B
FE 375 1o 3 26 35 Ry W) k3 e % 1) e 4, ] OB
P 1L R AE 70% DL o AR AR 80 wm, 1]
D175 3 e (I AP435 P 70% LA b

BT/ %
N

4350 400 450 560 5;50 660 6L50 760 750 860
W / nm
»—40 ym; «—50 pm; «~—60 ym; v—70 pm; +—80 pm; «—90 ym
B9 RIFEEE T PC/PMMA A4 B I ST

SRR, B 2 2 IR 50 wm A2
A}, R 2R A A R RE AT, AT 2T MK 5 (780
~1100 nm) 9~V S5 #8AE 23% LA L, S i
iK% 31.66%, H AT WLOGIX 4 (400 ~ 760 nm) A1
i ad R AE 75% L L.
3 &g

FI S RGN 2 S LB s b il a8 T
LR 2 7 PC/PMMA IR, I HH T A ) 7 i 52
653 T OR[E S A PC/PMMA J IR, % Hs 24
PERBUEAT TR S RAE A3 T LU T 4518

(1) W14 PC/ PMMA FERE Y 1 ISP 44 355
1 RE I 75% LAE, ST LT AKX I 1 fie A B R 8 5
19.5%, H ILAHRZ B S R EE R PC, PMMA A
TRIR B AR


杨超


10 TSR

2018 4F-, 45 46 %, 55 11 1)

(2) WHREBEAE 40 ~ 60 pom PN, BRI IRt A
JELRE N ) Pl i B, A B R 6 v 1) S 5%
60 pm LU X HA 80 wm 72478 JE
AR 5 e P R S 38

(3) ZEHTI 40 ~ 90 . m Y P4, HERE AT ULt i%
1 AP P YB3 E TR, SR L
(7] DL 35 30 %6 7F 80% LA 1,80 pm JEE R Y
A IGE T R AR B RE 70% DL ERER)8E

(4) PC/PMMA G i & 2 3 50 wm 7 47 i,
LR M RB IRAT , AE I LT AP DX S P34 R S 3 A
23% LA I, die K S ik 3 31.66%, S AR AT IOk
B RAE 75% LA I

S % 3k

[1] RERAE, LR, R, 5 . SRS EOR TR [3].
[H53%}, 2015, 29(8):9-16.

Xiong Liangzhao, Yang Weimin, Zhou Xing, et al. Research
progress of micro-nano laminated extrusion technology[J]. China
Plastics,2015,29(8):9-16.

[2] FPEH . BV X SL g HAN A 45 44 5 AR RIE S B AR B
J[D]. 1« AfEK2%,2009.

Guo Yujin. Energy-saving theory and technology application of
external structure of public buildings-in hot summer and cold winter
area[D]. Shanghai:Donghua University ,2009:

[3] Jonza J M, Ouderkirk A J, Stover C A, et al. Optical
film:US5882774[P]. 1999-03-16.

[4] Stover CA, Hebrink T J, LiuY Q, et al. Method for making PEN /
PMMA multilayer optical films:US0218707[P].2009-09-03.

[5] 3M ALHIABRAF . Z2EH0K . CN102754000A[P]. 2012-10-24.
3M Innovative Properties Company. Multilayer optical
film:CN102754000A[P]. 2012-10-24.

[6] 3M BIFIABRA R . HA AT SRR BRI
Fe H #5759 - CN102712140A[P]. 2012-10-03.
3M Innovative Properties Company. The optical film with
microstructure and low refractive index nano-void layer and its
method:CN102712140A[P]. 2012-10-03.

[71 Kim S C, Yoon JH, Lee H M, et al. Comparative experimental
study on heating and cooling energy performance of spectrally
selective glazing[J]. Solar Energy,2017,145:78-79.

[8] Yang R, Han M , Ye M, et al. Synthesis, characterization and
thermal performance of Fe / N co-doped MgTiO; as a novel high
near-infrared reflective pigment[J]. Solar Energy Materials & Solar
Cells,2017,160:307-318.

[9] Granqgvist C G. Transparent conductors as solar energy materials:a
panoramic review[J]. Solar Energy Materials & Solar Cells, 2007,
91(17):1529-1598.

[10] Zinzi M. Characterisation and assessment of near infrared reflective
paintings for building facade applications[J]. Energy & Buildings,
2016,114:206-213.

[11] XPEG . Rl ALl s RS YRT / PET RS L R IR IS
[D]. 4 FH : PURERHE IR, 2015.

Deng Yinjie. Study on preparation of polymer particle / pet
composite Photo-reflective film by stretching into hole[D].
Mianyang:Southwest University of Science and Technology, 2015.

[12] Meng L J, Teixeir A V/, Santo M P D. Effect of the deposition
rate on ITO thin film properties prepared by ion beam assisted
deposition (IBAD) technique[J]. Physica Status Solidi, 2010,
207(7):1538-1542.

[13] Z=, skA L, SRk AT, AF L RSN AR AR A BRI I [J]. 28K
2018,47(3):118-121.

Li Li, Zhang Youchen, Jiao Zhiwei, et al. Technical progress in
preparation of building energy-saving films[J]. Plastics,2018,47
(3):118-121.

[14] dbsfb TR . — R 99Kk & 2 2 A b k) % %€ % CN
201587107U[P]. 2010-09-22.

Beijing University of Chemical Technology.A preparation device
for nano-laminated composite materials:CN201587107U[P]. 2010-
09-22.

[15] dbmifb TR . —Fholaas 2 s B s K s s - h
CN106707374A[P].2017-05-24.

Beijing University of Chemical Technology. An optical multilayer
gradient film and its preparation device:CN106707374A[P]. 2017-
05-24.

MGMIT i 2019 F( TRREBN AWK HESTITE) ZE
BR& RS 24-42,24-138 £EEMARHH AT

W) R B M B (B ) 7T 2019 4F CTAREIRN T )\ (ALa it ) 2438 1T B 288 S T A e S ad 391 )

PR AT A ) AT I B T o CCARDRLN ) R, K 16 TFAR, 450 10 H iR AR, 2019 4F5Ef 20 JT / 39, 424F 240 JE.

AR5 Br Y WA T, K 16 FFAS, 34 20 H R, 2019 4EE M 20 7T / W, £4F 120 76,

HL 1% ; (0531)85878223 85878057


杨超




