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Fundamental properties and crystalline elastic modulus of -1,3-glucan triesters

B-1,3-glucan is mainly produced from Euglena microalgae or soil bacterium, Alcaligenes faecalis. Linear and
branched triester derivatives of -1,3-glucan with different carbon number of ester groups were prepared and their
thermal and mechanical properties were measured. Furthermore, molecular structure and crystalline elastic modulus
of B-1,3-glucan triesters were revealed by using synchrotron radiation at SPring-8. Fundamental properties and
crystalline elastic modulus were compared with oil-based common plastics and cellulose triesters.
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Figure 1. Preparation of (3-1,3-glucan esters.
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Table 1. Fundamental properties of 3-1,3-glucan esters.

Name Myx10° MM, DS Tus%(°C) T4('C) Tm(C) of (MPa)  &° (%) E' (MPa)
B-1,3-gluAc -2 - 3 364 168 281 —s —s —s
B-1,3-gluPr 3.4 1.8 3 371 12 221 314+34 62+6 597 + 52
B-1,3-gluBu 5.8 18 3 370 76 207 168+29 51+31 355+ 55
B-1,3-gluva 8.1 2.1 3 371 —b 196 13.8+2.2 364+51 198 +22
B-1,3-gluHe 85 2.1 3 369 —b 114 8.9+16  374+44  49+13
B-1,3-gluOc 8.9 1.9 3 370 —»b — 27+03 41566 3% 1
B-1,3-gluDe 9.2 1.9 3 369 —»b — 28+06 328+48  12%1
B-1,3-gluLa 9.6 1.8 3 37 —»b — 27+05 529+108 5%1
B-1,3-gluiBu* 8.7 2.2 3 360 110° 339 28620 68+28 470 + 170
B-1,3-gluiVa* 206 26 3 368 91° 250 155+14 5220 250 + 56
B-1,3-gluiHe* 212 3.1 3 369 64° 199 186+21 180+21 28050
B-1,3-gluiHep* 17.7 2.9 3 368 41° 126 50+06 349+64 46+ 14
B-1,3-gluPi* 143 2.1 3 360 173° 337 357+13 29%5 580 + 64

® Not measured due to its insolubility in the GPC solution (CHCI,).

® Not detected by DSC measurement.
° Determined by DMA (tan 3).

‘ Tensile strength.

¢ Elongation at break.

fYoung‘s modulus.

¢ Not measured due to its brittleness of film.

* Zhai et al. Journal of Polymer Research, 2018; 25: 181.

3R100H DD DEZFZNZEFNMEH Lz, BALK
BESHRT A 7T VTR FERE 2-12F TO S FliH,
SR A T VL 2 530 b o % 3T, 345
Db D% 1 HEHENENERL 720

B 72 B-13- 7N AH v T AT VOBEIREE, 5
TR BWEE 7 4V ADOBEEEY FhER
Table 1127”7, "H-NMR#% MW CE#HE (DS) %
FHEE L 724, (ERL 22 TOT AT IVFHERIC
BWT3THY, 72— ZADOKEEIEA L THEMR
ENnfzZ e dbhrorz, RYAFL VHETHD

NHE PGSR 205-1705 OHPETH -
720 DSCE M\ 7= PENE Tl HHT ATV
HOREBEIDV VB D (2-6) 1%, BlS2ER
S, EETH Y REBDGLZ VDD (8-12)
. BRI B SR nw S E s, FRMTE
TH o7z BREIZMEOESIZX D280T 25120
CoMPTHBETEET, AMERER) T —DFRY
ITFL Y7L 7%L—1F (PET) »bR) F L
v (PE) FTOETOMHEME H/N—LTWwh,
T 2T VTR, ARTHEHALAZbDOETT



PR AN ES SV = S R 125

BRI, FERETH - 720 FRICEIBREW S
i, 204 Yy TFL— 1 (iBu) & 340D
EoNL— b (P #FEAROBATZNZN340C
{THoHEEDIZ, VT AEBHENENENIL0
T, 173CLFEFITEHNETH D, NS DHH
E. BRSO EAT T A M E INLE TOAM
HHARY) v — LB R LBNEEEZAL TS
0. ZHEOR A D LS L LT
DIHAPHFEI NS, BIE, INHD5THB X

O A 3 DT 24T > TV B DY, Arlik = X 57
D BEHT AT IVITHR, Lo THIRER
HINTWELEEZ TV,

2—2. BREMIMEGIREE

77— MFEARIL, BT DSBS R &y
7o, EEE FRCBREI LT L 2720, B
W EWEECTH > 720 —F, 7ett— 1 (Pr)
PHANFH S T— b (He) sFEAIE, 7 8IH] 2 300
BTIENBGREHEEZ R L, BR -2 71V
LRV LN TE, T2 HaEoEsn
T d & — FFEERIE, ERERIC X L
BE OSBRI X 22500 7 KO EBLZ R II$ %

&L B2 (Figure 2). XHMAT X D+ ARIZ X 5
BLipR LSRR ISR D T wnw & b bh oz,

Bl -2H 7 ANVLDEVIEYNMRY P F Y R
b7 4V A DOF B DK R % Table 1WIRT, B
P 27 VFHERICB VTR, ORI
D OITHBME YRR &R EZRLTB
0. HSEESEL & A2, Bk OANmH g
%77 BIERUREE & PRI T A B S H o 7o
Zhd, M EL R b2 oh, RS T S
5L, HTHMOMEAERAMET L. Mg

(a)

Paramylon esters

Paramylon esters

Paramylon esters
Paramylon esters

Paramylon esters
_ Paramylon esters

FlLO#AGNHBEICAEL S Z LK EZ 2
b, —J, HTATNE 25T AT VE
Wigs 5 &, IO R SHFH UHa (Blz X B-1.3-
gluPr& f-13-gluiBu) Tix. WPEICKE ZfEwvi
&foﬂ&?ﬁ‘of:o 35D f-1,3-gluPild, o

kk’\mb‘glﬁﬁgﬁﬁ?%ﬂ‘tto Z i 3 4R

R EHE D DG TP OEMA LR,
J: Dﬂ%rgﬁiﬁ*ﬁm lholzZlilkbEEZLN
%o

—3. AT IZXF v 7 EOYHEIEE

B-13-TNHh ATV, WHTISAFv 78
EFUOMDONA FR=2Z R ) v =L oYtk
Figure 3127”3, @i (Figure 3a) [ZBWTIE.
KR BRD A4 v 7F L — 1 (iBu) BL UL
— b (Pi) #FEAkAE <\ HI233BCHMZ T b,
BRI X F V20w, EfREOMIEIZL Y
RYxTFL ¥ (PE) ARV TFLYTLIFL
— b (PET) O#BZETHNN—LTWb, &5
B 201k, WTROBEEIIBWTH, 7T
AR EANT0CHEL EFEFICBNI L TH L.
B HAOE N T AB T R FEORY) v~ — A
ST TRAEEET, f-13-7 Vv T AT IVikH
RIGIEF ST ISR, ChETIChVWGET
DFHHFFTE 5,

T 4 NV ADG R (Figure 3b) T, Mg
W, gL f-1,3-gluPr. f-1,3-gluiBu. f-1,3-
gluPilZ W3 & 30MPal3 ¥ DOF[5RERE 2 /R L,
PET LRV FM (PLA) KiZFhsrdboo, K

7uvlLy (PP) LRSELMBELHFL TV, —
F. M E W f-1,3-gluLalZPEIZ IV BRI 2 ik
Witz HLTw5b,

Figure 2. (a) Melt-quench film, (b) melt-spun fiber, and (c) injection specimen of 3-1,3-gluPr.
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Figure 3. Summary of thermal properties and tensile properties of 3-1,3-glucan esters.
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Table 2. Summary of crystalline elastic modulus of 3-1,3-glucan esters.

B-1,3-gluPr  B-1,3-gluBu  B-1,3-gluva CTP* CTB* CTV*
E,; (GPa) 25 1.9 1.0 21.6 17.6 17.9
Cross-sectional area® (nm?)  1.208 1.355 1.659 0.865 0.970 1.132
f-value® (10-° N) 0.30 0.26 0.17 1.86 1.71 2.03
Density (g/cm?®) 1.24 1.21 1.07 1.23 117 0.92
Fiber period (nm) 1.847 1.907 1.957 1.508 1.030 1.043
Molecular structure 5/1 helix 5 helix 5 helix 3/2 helix 2/1 helix 2/1 helix
Crystallinity of specimen (%) 61.4 47.6 39.1 — — —
Y;° (GPa) 1.2 0.8 0.4 — — —

@ Cross-sectional area: cross-sectional area of one molecular in the crystal lattice.
b f-value: The force required to stretch a molecular by 1%.

¢ Elastic modulus of the speciemen.

* Nishino et al, J. Polym. Sci. B. Polym. Phys. 1995, 33, (4), 611-618.
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Figure 7. Schematic diagram of the molecular conformations and crystal structures of cellulose tripropionate
and 3-1,3 glucan tripropionate.
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