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Abstract: The issues of high tensile strength, low elongation at break, poor thermal stability, and narrow processing
window of polyhydroxyalkanoate (PHA) were addressed by incorporating different proportions of stearic acid (SA) during
the modification process of PHA coating. The mechanical properties, thermal stability, and crystallization behavior of the
modified PHA were investigated. The results showed that at a SA mass fraction of 0.6%, the modified PHA coating
achieved the highest elongation at break of 51.3%, which was 45.7% higher than that of neat PHA, along with a 3.71%
increase in the maximum thermal decomposition temperature and a 15.98% improvement in crystallinity. When the SA
mass fraction was increased to 0.9%, the initial thermal decomposition temperature increased by 5.54%, while the char

residue at 600 °C decreased from 2.1% to 1.2%, representing a reduction of 42.86%. The findings provide a reference for

the preparation of modified PHA coating materials.
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1.1 FEEH

PHA, PHBHHx , (33 & (M,) 4 2.5%10° g/mol , ¥
IR B2 (MFR, 190 °C,2.16 kg)}15.2 g/10 min, L 501
W T3 ARAT IR 1) s SA, 43 Fr 4, T 253 40>98.0%,
I 15.69~70 °C, E 2R FA R A\ KRS, 47
M, ROHTREREA PR 2 .,
1.2 UBEEE

BUEAFHF AL, SHI-20, 84T 42 20 mm, KAZH(L/D)
R 40 , B I i SR e A PR |5 AL, LM-300, ik
JEETERE 300 mm, iR)2 8 BE A 5~50 pm, ) ARG IA
MU AR 25 7] s P JT REIREEAL , CMT6104, SERFH Tl
ARG E) AR 2 | PO 23 BT A(TG), TGA209, %]
Netzsch 23 1) 5 22 7R 9 4 & #4{¢ (DSC), DSC214, {&
Netzsch 22 ] ; L T-KF, FA2004, ¥5 % 0.1 mg, b iERE 2R
SEAERAT PR 7 5 L2 TR , vacutherm , 82K KRB
48w 5 dER AR AR IR BE I E A, Amsler, {5 [E] ZwickRoell 2%
A IR IR B AL (MFR), RL-Z1B1, b EURIERFEY
AT,
1.3 Hmil&
1.3.1 PHA/SA B -&EERI IS

¥ PHA JURLTE 80 °C 25 T AT Tk 4 h, BBRK
5o SATIHABBNFIAE 60 cCHEFT 452 h, B I Rh LR
B P2 AR AU . H R SA BT & 43 B0h 0 (4l PHA). 0.3%.
0.6%.0.9% . 1.2% F1 1.5% B L A7, K5 PHA [ SA B HoAts ) 541
REHL)G  MABURFFBF L B T R L. BF
HMULERIRERE N : ~K 170 °C, X 173 °C . =X
175 °C DY [X 177 °C . FL X 179 °C . /SN [X 184 °C , L X
182 °C, #L3k 182 °C, Y443 4 80 r/min, 4455 HH e 14k
ZoKREA H G VIR, /58] PHA/SA B & HERL, £ H .
1.3.2  PHA/SA#IERH &

¥ PHA/SA & {5 BERLAE 80 °C H. 25 T4 T8 3 h,
SRJE DN TRIERLA AL 2F o | P RIS T 2250 B i
JEE 175~180 °C , B3k i BE 180~185 °C, ¥ HIFRIEL B 60 °C,
WRIBEH BE 2 m/min, 1R 2R BEFE 6 4 (2042) pm, LLE &
320 g/m’ MARARIE A EERT , FEMBSHL L BEA Tk 0 1, 7%
FI| PHA/SA WIEEAE i, 23 AR i 4 SA-0 (4 PHA), SA-1
(0.3% SA).SA-2 (0.6% SA).SA-3 (0.9% SA).SA-4 (1.2%
SA)HISA-5 (1.5% SA).,
1.4 HEENIR 5 RAE

F1EPERENNR : 24 GB/T 1040.3—2006, 5% HLF-J7
AEIRIEAL AT PHA/SA WAL S A THL R RE M. A5 itk
JEEE i 3 B 8% T R, A BE K BE R 25 mm, 58 B2
4 mm, J& B R SE BRI AR, B 50 mm/min, B

FESRINA 5 2K, BOPAME.

AR E PEREMN IR « SR H P 23 BT 4 38 PHA/SA ik
B PR ENE . BUS~10 mg Hfsh, B TA bR 78
255U, LA 10 °C/min B FHIRHEZE N 30 °CHZ 600 °C,
JOSRAE ) TG Hh AN T R E (DTG 4k, LL 5% it
SEPRASRAT BE FTRLE (£5 ) WE AR AR IS SRR | DR Kt
A T 7 R T (1,0 ) VE S B R I PR TEL B, TEAN A
BHOPES E PERE

Y AR AR I R - P A AR R ) R SOkt
PR FE S5 8 4T 4 5 AR A0 T BE I E L M 20 °C JF 4G LA
75 °C/h B R T , BB EHRBE | mm B AT S 4k
AR o

MFR R : F A PRI IR A, FEHE 2,19 kg 5544
TSI P ZE 175 °C, R A AS RV E R FE E A T4 L 16
YrebiE i ARG TR DI, A 10 s B IE—k, kY]
FI10 A2 10 MR B . Fi HeGa T AL S8 5 T 43
BIFRE IR WL W2 W10, 540, B i
B R [RIELEE S5 4 T XF SA-0 SA-1++++--SA-53X 6 N
AT MFRIZE , J7i% ] Lo

25 EPEREIN A : R 22 H &S BT PHA/SA Jk
HEM S5 AT R o BUS~8 mg FE i, B T AR R AR
AT, SELL 10 °C/min B FHIELEE K M -30 °CTH 2 180 °C,
EIE 3 min, LLEBRDIH . SRJELL 10 °C/min (1R HE 5
P %E-30 °C, idsk PR A at Hh 2. FELL 10 °C/min Y FHIELE
RIFA 180 °C, iR mhHh 2, MR HEs & ih &t 45 Rl
VI () FU G5 A8 (AL , AR A1 475 Rl o 22 31 S0 L B (e, I
RS (AH,)FIZE S BE(X)
2 #ER5ITE
2.1 PHA/SAHIERI 1 MERE

SAVE A NI AF, H5 80 PHA JRIEAT R 1251
BEI 3 . 2 1 0 PHA/SA JKIEAT R 1P RERR
1 4 PHA/SA IMBEAS BHP J12PERE . e LRI 1] L)
FE Y SA SRR, PHA WRIERE b 2408 B bl %
SA &GN T RE , (AR 2R Pl 5 SA & =11
IAE Tt & JG FEAR . PHA Uk IS (SA-0) () 1B 24 58 & 4
28.6 MPa, i K2 4 35.2% , T 55 1 1 W) P
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Tab.1 Mechanical properties data of PHA/SA coating materials

FESUG S Wsa/% WiZsiE 1/ MPa W R /% R (kI m™)
SA-0 0 28.6+1.2 35.242.1 15.840.7
SA-1 0.3 27.840.9 42.5+1.8 18.2+1.1
SA-2 0.6 26.5+1.1 51.3+2.3 23.3+0.9
SA-3 0.9 25.3+0.8 49.8+2.0 26.7+1.2
SA-4 1.2 23.1%1.0 43.6+1.7 22,9413
SA-5 1.5 20.5+0.7 38.9+1.5 21.5+0.8
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Fig.1 Mechanical properties of PHA/SA coating materials
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2.2 PHA/SAREREI#A S R RE

72 2 PHA/SA WWRBEAT R $ 00 fRRIE B , 812 8
PHA/SA WIERP RO RERE . W2 FIRI2 LI,
AN I SA I, SA-0 K 5 1) 1, A 1,,,, 53 0] 4y 225.6 °C Al
269.3 °C, BRI F A 2.1% , i5e HH ML ) kAL v Tk 5 4
fife, AR E VeGP, B SA S EMIEIN, 15, 1 1,38
SeTHE EREAR . 4 SA TR B INZE 0.6%~0.9% Y, 45,
T £, 3 590 25 B 85 KARL , 55 SA-0 FE St 23 )32 Ve 5.54% Al
3.71%, P Aa @ AR —E MR T, Y SA RN ECH
0.9% B}, HoF% i R R B IARAEL . 4 1.2% , 5 SA-0 K AR
42.86% , it FH A AP NS .
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Tab.2 Thermal decomposition characteristic data of PHA/SA coating materials

A TR Wenl%o t,/°C 15,,/°C £ °C (600 °C)FRARE /Y%
SA-0 0 150~160 225.6 269.3 2.1
SA-1 0.3 — 231.2 275.7 1.8
SA-2 0.6 — 237.8 279.3 1.5
SA-3 0.9 — 238.1 278.8 1.2
SA-4 1.2 — 2335 271.6 1.6
SA-5 1.5 — 228.9 267.4 1.9
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Fig.2 Thermal decomposition properties

of PHA/SA coating materials
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Fig.3 Penetration depth of PHA/SA coating materials
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Fig.4 MFR of PHA/SA coating materials
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Fig.5 Mass difference of ten materials when measuring MFR

at the same temperature
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Fig.6 Crystallization properties of PHA/SA coating materials
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Tab.6 Crystallization property data of PHA/SA coating materials

HESgis Weal% 1/°C AH/(J-g") 1,/°C AH,/(J-g") X/%
SA-0 0 92.3 38.6 165.7 422 58.2
SA-1 03 95.8 413 166.3 45.5 62.1
SA-2 0.6 98.1 46.7 169.2 493 67.5
SA-3 0.9 100.3 472 168.8 47.9 66.4
SA-4 1.2 97.6 43.8 164.9 453 63.1
SA-5 1.5 94.6 40.7 1612 43.8 60.3
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