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Preparation and structural characterization of microcrystalline cellulose coated with phytic acid amine
HUANG Weijiang, TIAN Ligian, TU Chunyun,ZHANG Jie, WANG Kui, TIAN Qin, XU Xiaolu, YANG Chunlin, YAN Wei
(College of Materials Science and Engineering, Guiyang University, Guiyang 550005, China)

Abstract : Using bio based microcrystalline cellulose (MCC) as raw material, a bio-based hybrid structure of phytic acid
amine coated microcrystalline cellulose (MEL-PA-MCC) was prepared by gradually adding melamine (MEL) and phytic acid (PA)
for coating modification of MCC. The structure, elemental composition, and morphology of MEL-PA-MCC were characterized
using Fourier transform infrared spectroscopy, thermogravimetric analysis, differential scanning calorimetry, scanning electron
microscopy, X-ray photoelectron spectroscopy, energy dispersive spectroscopy, and X-ray diffraction. The test results show that
MCC modified by MEL-PA exhibites characteristic absorption peaks of C=N, P=0, and P—O at the peak positions of 1 624,
1 328,785 cm™, respectively, and the maximum thermal decomposition rate significantly decreases, while the residual carbon rate
increases. The surface of the MEL-PA-MCC hybrid structure is densely coated with circular particles, while N and P elements are
significantly enhanced, and the crystallization behavior is also significantly changed. The above results collectively indicate that
phytamine has successfully achieved encapsulation modification of MCC. MEL-PA-MCC is used to modify poly (butylene adipate-
co-terephthalate) (PBAT). When the addition of MEL-PA-MCC is 5 wt% , the composite can reach V—1 rating of UL-94 test in verti-
cal combustion, the limiting oxygen index is increased to 25.5%, and the melt drop resistance is significantly improved. In addition,
the tensile strength and tensile elastic modulus of PBAT/5%MEL-PA-MCC composites are increased by 87.31% and 41.30%,
respectively, compared with pure PBAT. Therefore, the introduction of the prepared MEL-PA-MCC flame-retardant hybrid structure
can significantly improve the flame retardancy and tensile properties of PBAT.
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Fig. I Reaction formula of phytamine

#1 MEL-PA-MCC BB /7
Tab.1 Formulation of MEL-PA-MCC

g
Samples MEL PA MCC
MEL-PA-MCC-1 3.78 3.30 5
MEL-PA-MCC-2 7.56 6.60 5
MEL-PA-MCC-3 15.12 13.20 5

g W EETTTE 1, FH 80 °CE B Tk I B ki =
U, AT VRIS Y pHAEN 7, K KBRS 1 7= ) 7E
100 °C'F 25 148 12 h J5 15 %] MEL-PA-MCC ¥} K ,
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Tab.2 Composition ratios of different PBAT/MEL-PA-MCC

composites
Samples PBAT/% MEL-PA-MCC/%
PBAT 100 0
PBAT-1 99 1
PBAT-2 97 3
PBAT-3 95 5
PBAT-4 93 7

1.5 X5 k4

FTIR 4347 : 39475 Fl 4 400~4 000 ecm ™, 4335
4 em !, 16 G2 FTIR G

TG /M BE 5L i HE 5 mg 247, JH ALO, H IR
BERE TEN,SUA T, P10 K/min (9 FHE#Z M 50 °C
FHE ZE 800 °C , WK1/t f: 1% A 40 mL/min, {47175,
T 60 mL/min. 0 SEFE I TG FI1— IR 43
HHES

DSC 7341 BE S i 5 mg 2247, FHAR M 8%
B LEN,SH T, P10 K/min B9 FHE 3 ZE M 20 °C T
28 250 °C, A i 2 40 mL/min, PRI
4 60 mL/min, iC AR DSC 4k .

XRD FAE : TAEHE R 60 kV, HL A 40 mA,
D5k 0.02°, FHE R £ 26 24 0°~80°,
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Fig. 2 FTIR spectrum of pure MCC and MEL-PA-MCC
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Fig. 3 TG and DTG curves of pure MCC and MEL-PA-MCC
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Tab.3 TG and DTG data of pure MCC and MEL-PA-MCC

Maximum thermal decom- Char resi-

1 T,,/°C T ./
Samples [°C T./°C position rate/(%-min"')  due rate/%

10%

Pure MCC 3159 344.1 24.87 2.78
MI;CLCP’? 2577 303.9 7.96 2572
Ml\fécpg 248.0 3042 5.12 24.98
thécp? 230.7 3029 2.92 26.51

Notes: T}, is temperature of 10% weight loss; 7,

nax 1S temperature

of maximum mass loss rate.
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Fig.4 DSC curves of pure MCC and MEL-PA-MCC
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Tab.4 DSC data of pure MCC and MEL-PA-MCC

Samples T /°C AH/(J-g ™"
Pure MCC 61.84 145.8
MEL-PA-MCC-1 71.64 189.5
MEL-PA-MCC-2 67.08 187.4
MEL-PA-MCC-3 62.80 205.6

Notes: T, is melting temperature; AH is enthalpy value.
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MW, R, 455 %W MEL-PA-MCC (945 5470
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5 3R DSC 4 AT A A2 A AR Y .
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MEL-PA-MCC-1
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20/(°)
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Fig. 5 XRD spectra of pure MCC and MEL-PA-MCC
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Fig. 6 XPS spectra of pure MCC and MEL-PA-MCC
%5 #4iMCCFIMEL-PA-MCC K XPS fllit ##5
Tab.5 XPS test data for pure MCC and MEL-PA-MCC

Samples C/% 0/% N/% P/%
Pure MCC 58.92 41.08 0 0

MEL-PA-MCC-1 46.70 29.55 20.04 3.71

MEL-PA-MCC-3 46.63 2591 23.63 3.83
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Fig. 7 SEM morphologies of pure MCC and MEL-PA-MCC
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I
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Element Weight% MDL Atomic%
CK 60.57 0.62 67.18
O K 3943 030 3282

Element Weight% MDL Atomic%
CK 49.85 0.58 57.65
N K 1335 058 1323
O K 30.06  0.18  26.10
P K 6.75 0.06  3.03

Element Weight% MDL Atomic%
CK 4386  0.70 51.13
N K 2286  0.62 22.84
O K 2565 023 2271
P K 7.33 0.07 3.31

20 pm
—

(¢) MEL-PA-MCC-3
K8  4liMCC 5 MEL-PA-MCC Y EDS JG £ K
Fig. 8 EDS element diagram of pure MCC and MEL-PA-MCC

2.8 MEL-PA-MCC *F PBAT/MEL-PA-MCC £ 4

RN AR

2% 6 I A[AIEC L PBAT/MEL-PA-MCC & & 41K

FEAAVERERIIRSE R . FrER 6 AT UL, 41 PBAT #5814
VTR WA MR SRS, H LOTE M 21.3%. W™
MEL-PA-MCC J& , PBAT/MEL-PA-MCC & & # #Hi
TR IS I AR BRI, SRS SOE WP T, LOTE
N, Horb 24 MEL-PA-MCC 878 Jin B 3 %X
H 5% F 7% I, 5245 BPEHE 1A 3 UL-94 MY V-1
K RESL OIS IS . A PBAT/7%MEL-PA-MCC
AR LOME#E 5] 26.4% . MEL-PA-MCC [7)
I A B S PBAT A BHAAPE g, B0 R 5 09 BH
IR

%6 7EPBAT/MEL-PA-MCC £ & #H Y FEIA I AE

Tab. 6 Flame retardancy of different PBAT/MEL-PA-MCC

composites
Samples — UL-94 - LOI/%
Dripping Rating

PBAT Yes NR 21.3
PBAT-1 Yes V-2 22.1
PBAT-2 Yes V-2 23.6
PBAT-3 No V-1 25.5
PBAT-4 No V-1 26.4

Note:NR refers to not reaching flame-retardant rating.

& 9 Jy A [\ & F MEL-PA-MCC %} PBAT/MEL-
PA-MCC & & M BH AR PERE RS2 0 o FH &1 9 AT,
4li PBAT [t 7 41 55 JF R H7 e 59 1 A & 40 53] Ay
11.43 MPa fi145.62 MPa. [fi#& MEL-PA-MCC % &
M4, PBAT/MEL-PA-MCC & & B 7 Ao i
SEISEHE IS R AR 4L, {H 3475 T 21 PBAT ; [R]
G MRH R SR A i B 5 MEL-PA-MCC fil A

257w Tensile strength 70
BN Tensile elastic modulus <
160 £
< 20 S
[ <
= 50 Z
= =
5 151 140 8
) g
7] 2
=
0 0
PBAT PBAT-1 PBAT-2 PBAT-3 PBAT-4
Samples
9 R[F i MEL-PA-MCC %} PBAT/MEL-PA-MCC & & M EHLAf
PERERY I

Fig. 9 Effects of different contents of MEL-PA-MCC on tensile proper-
ties of PBAT/MEL-PA-MCC composites

A Z MWK, Hr, X MEL-PA-MCC ¥
JoTf8 53 R 5% B, 525 BEBHR A a8 B RN i 5
PEREE A S 21.41, 64.46 MPa, 541l PBAT 43 4% 55
87.31% F141.30%. Z5HREKW , 5] A MEL-PA-MCC
R T 235 PBAT JEAR A BHIA R BE , 1 T 48 = A1 H)

frfhERE
3 &g

DL MCC #4571 PA FI MEL X Hope A 740 78
ek, 4 H MEL-PA-MCC Z-AbBHMREE M . RTTHR
HNAS )4 5 6 3 ) PA R MEL it X MCC BY45#
JCER AN YRR E PSR . #F MEL-PA-
MCC 5| A Z| PBAT B iig v, A58 X S A4 i BEIA
REFNhLARERE R RZ I o AR X O Eh e 4 R AT
FILLF 458

(1) FTIR 43 ¥ % B , MEL-PA-MCC M tt F 4l
MCC F % 7E 1 624,1 526, 1 328 cm ™' #1785 cm ™' i/
BRI =R IR I C=N,N—H, P=0 1 P—
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& T RERBIERRL, FERIA C,0,N,PAFILR

WL T MCC R . FIRSRE MR C

JR I T MCC # i .

(2) Hy BTS8P 23 M T A, 28 6 B R O X
MCC By #ERRE P — e AR BRI, AHXE T2 MCC,
MEL-PA-MCC e AR S iff 3 A KR ARG , 5 3
FARS, e AR ] IR F) 26.51%, UM RR M 22
WA B T MCC YA RE

(3)HEL R e A1 2 MCC Y 45 w7 o kA B
A, R Ia 2 RAR, 25 AT A R s £k

(4) % | A MEL-PA-MCC HJ 47 25 #}& /= PBAT JE {4
(AR PERE FIBL AR PERE . 4 MEL-PA-MCC F 7Rl
)ﬁiéﬁﬁw 5% I, S5 FHRHA BB V-14%, LOI
$& 55 $1] 25.5%; 4% T 4l PBAT,, PBAT/5%MEL-PA-
MCC 5 B3 J3E 0437 i i A 1] 2
1 87.31%F141.30%.
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