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Development of a Transparent and Highly Heat-Resistant Polymer Film Derived from Biomass

Shigeki UEHIRA*, Toshihide YOSHITANI*, Yoshihisa TSUKADA*,
Tomokazu YASUDA**, and Kozo SATO***

Abstract

We have prepared high-purity methyl dehydroabietate (DHA-Me) from disproportionated rosin consisting of many compounds
via methylation and subsequent reaction or recrystallization. DHA-Me was converted into various bifunctional compounds useful
as monomers. Among these, 12-carboxy dehydroabietic acid (CDHA) and dimethyl methylenebis-dehydroabietate (MDA-Me)
were particularly applicable and both were transformed into corresponding bio-based polyesters or polyamides. The synthesized
polymers were cast as thin films, and the resulting films were characterized. In comparison with commercially available super-

engineering plastic films, the aforementioned films are more flexible, are more heat resistant, and exhibit high transparency and low
density. The porous film formed via the film-making process has characteristics similar to those of an ordinary film.
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Rosin (Complex Mixture)
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Applications taking advantage of the Complex Mixture.
ex. Sizing agents for paper, Emulsifying agents, Dispersing agents, Toners, Soldering flux, etc.

Fig. 1 Structures and properties of Rosin
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Co,H  Abietic acid

Approach to take advantage of the structural features to the fullest potential
(The features : rigid / bulky / hydrophobic / hydrophilic / Optical activity, etc.)

Fig. 2 Application strategy of Rosin
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Fig. 3 Disproportionation products of Rosin
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Method DHA content  Yield ratio

DPR o Distilation 72% 75%
(DHA content ~ 70%) Z Recrystallization
CO,H (1st. crop) 73% 68%
DHA (2nd. crop) 79% 29%
Esterification
Method DHA-Me content Yield ratio
Methyl-esterified DPR ———3
Distilation >95% 52%
% Recrystallization 95% 50%
CO.Me ystalizat >
Dehydroabietic acid methyl ester
(DHA-Me)

Fig. 4 Purification scheme of DPR
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Reaction Type Carbon Position

12 11 12 14

11 Halogenation | — + +-
Nitration +- +- +

14 Acylation - + +-
Sulphonation | - ++ -

”COZMe Alkylation - + +-

+ : Preferentiall
— : No Reaction

++ : Exclusively
+- : Secondarily

Fig. 5 Regioselectivity of aromatic electrophilic
substitution of DHA-Me
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Fig. 6 Conversion of DHA-Me into dibasic acid derivatives
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Fig. 7 Synthetic route of CDHA
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Fig. 8 X-ray structural analysis

Left : CDHA-CI

Right : MDA-Me

Table 1 Synthesis of Polyesters

2)  Biomass Thermal decomposition

Sample No.  di-acid di-ol Mn (k) / Mw (k) ’ Tg (€) content (wt%) ~ onset temperature (°C )
PE- 1 CDHA (50 Ho—~(")-or s0) 46 / 100 278 67.5 420
PE-2  CDHA G0 ro~ )0 o 1117234 272 52.6 419
PE- 3 CDHA (50 HOOH (50) 54 /150 283 49.0 432
PE-4  CDHA (o) Ho<L )L p-on (0 95/236 298 57.1 354
PE- 5 MDA 0 < ) 12/31 265 714 434
PE- 6 MDA o) o~ )L ) o) 16 /58 287 75.4 353

1) The molecular weight of the polymer was measured by GPC (solvent : NMP).

2) The temperature at which the film tangent loss (tan) exhibited the maximum value.
3) Mass originating from plants in the constituent components of the polymer/total mass of the constituent components of the polymer.
4) 2% weight loss temperature. Rate of temperature rise is 10 °C/min under a nitrogen gas stream.

ERES LIz 12- )V RFYFe Ra 7 ELF Vi (CDHA)
BXU, 1200 TAFLVEZN LT ®ILLIEAF LY
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RIVLDERERETEZ L, BRXUTHEEERST T

EN[REL IR o 72, ANT, CDHAZE 7 1)) Rik (CDHA-
CD ICFFE LTz & T 5, @SS TREFEMRF MR S Nz,

CDHA-Cl 35 X U MDA-Me D i 5 X RbS S AT HE S 72 Fig.
IR UTize Wik &WI & & 120U IARINICARE > T
WA E, BTNEHMLTNS T ENHLNTH B, KT
@ CDHA-C1EB X UMDA-MeZZ VW THEA DRV T AT)IVE
KRV T I ROBKZITo Tz, B LIZRYR—LZN5
DYk Table 1, 21K U7z,
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BRLTRY S —ZERICSRE S, RU S 3Gk GRE
110~ 15wt%) ZVERIUTz, fUINVGE T I REYZHD FR<
FTEDICINEA Mz T T2t HT A ST 7 r—2—
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Table 2 Synthesis of Polyamides

Sample No.  di-acid di-amine Mn (k) / Mw (k)l) Tg (°C )2) ?cigi:l?tsz Wi%) Iﬁ:ﬁiﬁ;gsﬁf&s?lg;
PA- 1 CDHA  (50) RN M (s0) 47/111 >350 67.8 407
PA- 2 CDHA (50 o sz (50) 25/119 326 67.8 420
PA-3 CDHA (50 Hn— -t (25) " @NHZ 25) 397202 335 67.8 415
PA- 4 CDHA 0 Hn—p-C e (s0) 33/85 323 55.7 427
PA-5 CDHA 0y v~ -0 )™ (50) 28778 316 555 433
PA-6 CDHA (50 HZNOOO\OONZO) 27 /80 283 47.0 436

1) The molecular weight of the polymer was measured by GPC (solvent: NMP).

2) The temperature at which the film tangent loss (tan) exhibited the maximum value.

3) Mass originating from plants in the constituent components of the polymer/total mass of the constituent components of the polymer.
4) 2% weight loss temperature. Rate of temperature rise is 10 °C/min under a nitrogen gas stream.

Table 3 Film properties of PE-1, PA-1, Aramid, Pl and PEN

(Aramide),

Polymer PE-1 PA-1 Aramid Pl PEN
Mechanical Modulus GPa 1.9 2.6 6.4 76 43
Properties Strength MPa 100 130 238 332 158

(25°C B0%RH) Elongation % 64 60 18 20 95
10% TG N2 C 454 452 448 >500 425
Air 419 347 445 >500 423
Pﬂgﬁﬂﬂs Tg (tand) 278 350 302 ND 166
CTE 0 77 61 31 13 ND
(orientated)  PPM/C (9g) (ND) 4) (ND) (16)
Transmittance % 90 89 67 26 87
Optical Haze % 0.29 0.29 36 3.1 0.62
Properties Refractive index (ng) 1.58 1.58 1.62 1.62 ND
Abbe Constant 26 25 37 40 ND
Electrical Properties Permittivity 3.20 453 410 3.55 3.26
(10°Hz) Dissipation factor 0.006 0.058 0.007 0.005 0.012
Water absorption(23°C 24h) % 0.44 6.4 2.7 1.5 062
Density g/cm? 1.13 1.15 1.49 1.47 1.36
Film thickness “m 50 50 50 50 100
Biomass content wt% 67 67 0 0 0
Ho
kG | M@} < ﬁ
Aramid
(Polyamide) (Polylmlde) Polyethylene naphtalate)

RKUVAIF PD, RUZFLVFTEL—L

I 4IWVLE S A, FECPE-1BXUPA-1DT 4 )V L%

(PEN) D& 7T 1)V LWtttz 7> 7z (Table 3), DHA
RTAIVLDREERHMELTE, © TLAEPH] THBHT
&, QN EmNC L, @EEEENEHNT E, TLTO
BEMENT ENEFENS, TNEDRICDOWTLLTIC
BB,

51 LGEP®HE

Table 3X 0, DHAR T « )V LMFIMDMET « )V L L X,
FHPEER (Modulus) « 58 (Strength) MKW GRS,
—75, Wi (Blongation) & HLEHIAZ WV, COT &h
5,DHAR T 4 IV NS —RAVRINEA T 4 VLK D T LR

oy cE, o EPAET ST ki3, £RASICE
N0 HF720 Lawv, ook Hic ) zitsc e
£Tx% (Fig. 9).

5.2 ZHU %

Table 3&k 0, /T R ikE (Tg) &PE-15278°C,
PA-113350°CTH Y, ThidAramid 7 « VL EFEIKE, A—
IS—TZVTTT A IVLNCHEE NG, £T28 7 1 )V LD
PR OWE KA (Fig. 10) &, PENAY130°CfHiL &k D,
Aramid H¥200°C{HiT & © ZHHICHEERDME T LT3 DIC
L, PE-13&UPA-1IIHEIC Tg bl & Ttk R ZHER LT
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Fig. 9 Origami Crane used PE-1 film
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Fig. 11 UV-VIS spectra of the films
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Table 335X U Fig. 11 & 0, 2¢#iE#E R (Transmittance)
IZPE-1T90%, PA-1TiZ89%THD, Aramid*°PI& 5iC
WEPEN & O & @Btz Rd e hbhd, £z, N
A X (Haze) &/NEW2®, IEAEAMEDIEREICE N,

54 BULEE

Table 3X D, PE-1D#%E (Density) (& 1.13 g /cm®, PA-1
13115 g /cm®*T & D, Aramid (1.49), PI (1.47) B X T
PEN (1.36) ICHNTIEHICEELETH B Db, T
1, Fig. 8D CDHA-CID X A& it 5 R ) < —§T
o, KU —7 )V Lo HHARKE W T EAVE
HTE%,

1.0E+10

_________‘.__~____‘,____~\\\
ﬁ“
\
1.0E+09
—PE-1

o \\ ——PA-1
1= \ Aramid
© P

1.0E+08 PEN

1.0E+07 : :

0 100 200 300 400

Temp. (°C)

Fig. 10 Temperature dependence of strage modulus of the films

Air side Air side

Glass side Glass side

Fig. 12 Scanning electron microscopy Images of side view of films
Left: PE-1 film ,Right: PA-1 film
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Fao&S1c, DHAZRRY S —T 2 )V LIZ LD, @&
Mf#A, fEEEHZ L CEBEETHE T W oo Tz, Rl
DRV —ZH, WlEEZET 27 )V LAZER LTz,
bbb, T4V L0 ESEETA U ARk EE vz
ZAET AIWLBIUONZH LT ¢V LRERLU Tz,

6.1 ZFAET71ILL

B Bt BB T T 4 )V LD T B B AV e
HENT, TOHZRMH LR, NEICELZET %
ZHET 4 IVLDERENT VS T Do e, Willid
SEM GERE FEEMED Bzt 85, WNEIcE
LEL T+ aY—MERENTW (Fig 12). 7, PE-1
ZIET 1 VL TREA T AFRE N —JEAMEET % ek
W E—JE 415 pm, ZFUE K65 pm) THSDITH
L, PA-1 7 4 VL TREAEDHN SRS T DD - Tz,

Table 4 Film properties of the Porous films of PE-1, PA-1

Polymer PE-1 PA-1
Clear Film Porous Film Clear Film Porous Film
Mechanical Modulus GPa 19 0.90 2.6 0.35
Properties Strength MPa 100 40 130 14
(25°C 60%RH) Elongation % 64 37 60 25
Thermal Properties Tg (tand) °C 278 247 350 325
Optical Properties Transmittance % 90 21 90 09
Density g/cmd 1.13 ~0.2 1.15 ~0.2
Film Thickness “m 50 80 50 100
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Table 405, ZFLET « VLIS B %135 0.2g/cm® T
Holee TNRERMENKBO%TH DT EERL TS,
BAEREEICB U QMR T« VL THh B T &, %z,
MR A R D IR AR IS E I 7 ¢ )L L L [AERIC Tg )i &
THMZHERLTHBD, MRTEEVFMZETHC &N
b3 (Fig. 13),

1.00E+10

1.00E+09

E' /Pa 1.00E+08

1.00E+07 | ¢ PE-1 clear film

= PE-1 porous film
1.00E+06 -

+ PA-1 clear film
PA-1 porous film

1.00E+05

0 50 100 150 200 250 300 350 400
Temp. /TC

Fig. 13 Temperature dependence of strage modulus of the films

6.2 NZALT7«IVL

INZH LT 4 )V 2L O BIRICES S N fea=—2
TSR E DA T A IV LTH B, ZEILWVERT B A=
AL, BUPGEFETHRAET DR KIEN 7 « )V N TS
BRICESI L, ZNZ8ERle LTZIIRN T ¢ )V Ll BICIE
WRENBEDEEZEZTVDEY, TONHEZFAVT, PE-10DN
ZALT 4 VLR U (Fig 14). 5% 7 « VLXK, X
A5 p mOHE L [EE 10 p mOYI—Jg D 2 J@ED 5 ik
%0 TOT 4INVLICENTEINE TORMTH % EWO i
MEELTEHED, 250°C 3070 DB BN TIEIRDZ L
FR5NEM S (Fig 15),

E L x7.0k 10um
Fig. 14 Scanning electron microscopy Images of

PE-1 honeycomb film

Left: Top view ,Right: Side view

L x70k 10um
Fig. 15 Scanning electron microscopy Images of PE-1
honeycomb film after heat treatment for 30 minutes
at250 C
Left: Before ,Right: After
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