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Fig. 1 Schematic representation of “one-step” preparation of LCEs using the ball-milling technique.
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Table 1 Synthesis conditions of cellulose laurate via one-step mechanochemical method.

Sample MCC content TFAA content LA content Rotational speed Reaction time
(mmol) (mmol) (mmol) (r/min) (h)

MCC 1 - - - -
BMCC-T4-500 1 - - 500 4
LCE-1-6-3-T4-300 1 6 3 300 4
LCE-1-6-3-T4-400 1 6 3 400 4
LCE-1-6-3-T4-500 1 6 3 500 4
LCE-1-6-3-T3-500 1 6 3 500 3
LCE-1-6-3-T2-500 1 6 3 500 2
LCE-1-3-3-T4-500 1 3 3 500 4
LCE-1-6-6-T4-500 1 6 6 500 4
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Table 2 Molar ratio of PVA used for MCC/TFAA/LA
systems.

MCC TFAA LA —OH content

Sample content content content of the added
(mmol) (mmol) (mmol) PVA (mmol)
MCC-
TFAA-LA 6 3 N
MCC-
TFAA-LA-PVA 6 3 6
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Fig. 2 (a) ATR-IR spectra of MCC and LCE-1-6-3-T4-500. (b) '"H-NMR spectrum of LCE-1-6-3-T4-500; The inset of (b) represented
the magnified signals of AGU. (c) Synthesis of lauric acid cellulose esters (LCE).
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Fig. 3 (a) ATR-IR spectra, (b) WAXD patterns, and (c) '"H-NMR spectra of MCC and LCEs synthesized with different
reaction time. (d) The effect of milling time on the DS and yield. These samples’ rotational speed and molar ratio were fixed

at 500 r/min and 1:6:3, respectively.
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Fig. 4 (a) ATR-IR spectra, (b) WAXD patterns, and (c) 'H-NMR spectra of MCC and LCEs prepared with different rotational
speeds (The ball-milling time was 4 h.). (d) The effect of ball-milling rotational speeds on the DS and yield.
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Fig. 8 (a) TGA and (b) DTG curves of MCC and LCEs with various DS. The inset of (a) represented the magnified TGA

curves. (The online version is colorful.)

Table 3 DS, yield and thermal properties of MCC and the
prepared LCEs.

g Yield T Tr Ty Ty

(%) (°C) (°C) (°C) (°O)

MCC - - - - 302 338
LCE-1-3-3-T4-500 2.57 583 95.7 180 314 372
LCE-1-6-3-T2-500 2.81 74.7 40.9 150 322 344
LCE-1-6-3-T4-500 2.90 86.1 39.0 120 338 365
LCE-1-6-3-T4-400 2.98 89.4 31.5 115 324 370
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Fig. 9 ATR-IR spectra of PVA-T2-500 and PVA-TFAA-
T2-500.
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Direct One-step Synthesis of Cellulose Laurate Ester via
Mechanochemical Method
Zi-wei Feng, Meng-lei Li, Pei-yao Li, Kai Zhang", Ming-bo Yang"
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Sichuan University, Chengdu 610065)

Abstract This study presents a simple method to obtain LCE with high degree of substitution (DS>2.5) by
directly utilizing microcrystalline cellulose (MCC), trifluoracetic anhydride (TFAA), and long chain lauric acid

(LA). The impact of ball milling speed, grinding time, and feeding ratio on substitution, melting behavior, and

thermal stability is thoroughly investigated. The results show that with increasing ball milling speed and time,

LCE substitution increased and the melting temperature decreased. When the DS is larger than 2.81, LCE can be

completely melted. Optimal conditions involve a feed ratio of 1:6:3, and ball milling at 400 r/min for 4 h yields

cellulose laurel ester with a flow temperature (77) of 115 °C and a decomposition temperature of 324 °C. In

addition, the introduction of PVA into the system is explored to mitigate excessive TFAA and the side product

trifluoroacetic acid. The results show that PVA not only fixed trifluoroacetic acid successfully but also had little

effect on the melting and processing properties of the product. This strategy has significant advantages over
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conventional homogeneous methods, such as streamlining the preparation process, reducing monomer quantities,
shortening reaction time, and promoting environmental friendliness. Its potential application in large-scale
industrial production of thermoplastic cellulose derivatives is promising.
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