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In-situ Preparation and Performance of MC Nylon 6 / Cellulose Nanocrystalline Composites
Zhang Dianzi', Shi Hao’, Zhang Xiaotan’, Kan Z¢’
(1. China Pingmei Shenma Energy Chemical Group Co., Ltd., Pingdingshan 467000, China ;
2. School of Polymer Science and Engineering, Qingdao University of Science and Technology, Qingdao 266042, China)

Abstract : The cellulose nanocrystals (CNC) were pretreated by the oven drying at 80°C for 24 h and vacuum dewatering at
120°C for 48 h, then, CNC was dispersed in caprolactam (CL) and low-alkaline ethylmagnesium bromide was used as initiator to
prepare monomer cast nylon 6 / CNC composites (MCPA6 / CNC) by CL anionic ring-opening polymerization. The influences of
different pretreatment methods and addition amount of CNC on the properties of the composites were studied. It is found that the
conversion rate of CL in MCPA6 / CNC composite is lower than that in pure MCPAG6, and the pretreatment at 120°C can weaken the
inhibitory effect of CNC on CL polymerization. The melting and crystallization properties of the composites were studied by differ-
ential scanning calorimetry. The crystallinity of MCPA6 / CNC composites modified by CNC at 120°C pretreatment decreases at low
addition. However, with the increase of the amount of CNC, the crystallinity shows an upward trend, with higher crystallization tem-
perature and narrower half peak width. When the mass fraction of CNC pretreated at 120°C reaches 10%, the crystallinity increases
from 50.7% of pure MCPAG to 53.8%, the crystallization temperature is 8.4°C higher than that of pure MCPAG6, and the half peak
width decreases from 9.0°C of pure MCPAG6 to 6.3°C . The results of mechanical properties test show that when the mass fraction of
CNC pretreated at 120°C is 1%, the tensile strength, flexural strength and flexural elastic modulus of MCPA6 / CNC composite are
80.2 MPa,111.3 MPa and 2.8 GPa which are 2.2% 14.5% and 16.7% higher than that of pure MCPAG respectively. When the mass
fraction of CNC pretreated at 120°C is 10%, the elongation at break of composite is increased by 65.3%.
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F MCPAG6 / CNC & &M B o #fik— 2 i BE K
RS E A
1 KIeFERsy
1.1 EZRM#

CL : ZrHrali, 78[5 BASF L T/A#;
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TA fYEFAF
1.3 CNC #Fas 2

HRAE FT 2 3R B R HLER, W AR 2 ) At
JEF R F= 2k, Bl an oK 4o BT LASE B X CNC SR
BT PR R B AR EE 75 : (1) CNC 7E 80 CHEAH
T 24 h;(2) CNC 78 120 °CH E A5 BR K 48 h,
¥ K [6] 7 4k B CNC i %5 B9 MCPAG6 /CNC & &
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1.4 MCPA6 /CNC A& #HX AR a4 6] &

200 g CL 5 AR 7% m 20 58, TH i 2= 2
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(1) Jr2APEREMHL

A PEREFE IR GB /T 1040.2-2006 4,
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T R =R, AR 5 KR, G SR BCE 3
.

2 PERESE IR GB /T 9341-2008 M3zt , I3t it
FERARPRAEAE RN 4 mm, KR FE
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(3) h bk JERIAT A

B R BB O RS TE 50 °CHEAE T4
12 h, SR G FREL S ~ 10 mg, 7E N, LRI T LA 10°C /
min Y FFEHE T2 250 °C, {0 S0 Rl £k, 1 iR
1 min Ji7, F LA 10 °C / min B4 P& IR 3 R FE 2 0 °C,
CSREAE A2 g5 3). X @) A U Al
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_ AH, 1 3
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cl 0.6 1 120 155 16
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VE: 51 & A CNC 9 FHHEEHIBL CL 20k i Pk St

K NaOH 1B Ry 5| & I, 5655 2137 B 3 381K
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IR R G A R Bt A8 B, 5 )5 30 min B
5¥eA A8 Ak, Bl CNC Xt IR 24 BHLER/E . Kan
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FRE, ;AR R = O 5 5 51 &R RO, PRl 8
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A AR AR B A sk 557 , 8 5 7 v 1 BEL 2R A (B
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€, i CNC fEZ AR B 73 HL
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%, NI HAS CNC e s P R L B s b .

X} He il 45 9 MCPAG6 1 MCPAG / CNC 4+
RHRARERY 22 WIS T LA K B, 46 MCPAG A A {4, 1
Jl CNC J& ,MCPAG6 / CNC & A RHAEES (0 B,
HPfi#E CNC & =34, Bl e, 454 CL
(B A SR AR AL AT, X 5 CNC X B 15 A A B
BVEFA X ; [FIF, MCPA6 / CNC & & MR RE R

TE AR THAA AR B0 6025 5, T HLX R 22 Bl CNC
TS IR IR I 2, 1O B TR CNC
£ CL "h itk 25 23400
2.3 oA

T 43 Hr CNC 3 78 20PE X MCPAG6 45 i 1 g
s, AN ] CNC 7 5 MCPAG6 / CNC & & 44
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(b)
a—Ja Rl ; b—24 fhilhk
K1 K[| CNC %ty MCPA6 / CNC & & #EHY DSC 4k

F4 7TFE CNC &2 MCPA6/CNC EGMHINERSH

G 5 CNC il /%  JEsi/C SimiRIE /C SERIGEE /C KBTI/ SE /%
MCPA6 0 213.1 170.9 179.6 9.0 50.7
MCPA6 / CNC1(80) 1 2155 172.1 179.5 8.4 51.4
MCPA6 / CNC3(80) 3 213.8 176.1 181.6 7.0 52.8
MCPA6 / CNC1(120) 1 214.6 172.8 180.0 8.4 47.4
MCPA6 / CNC3(120) 3 212.7 175.4 182.2 82 49.0
MCPA6 / CNC10(120) 10 2135 179.3 183.7 6.3 53.8

M1 LR 4 7] LA Y, MCPA6 /CNC &
A MR 0% 5 A 4 MCPAG A8 4k A ., AR T
4li MCPAG6, %~ Jin 80 °C #il 4k ¥ CNC (1) MCPA6 /
CNC(80) I 45 i B W A 18 5 S i 120 °C i 4k 2
CNC J&, ZER U i T, MCPA6 / CNC(120) F) 4%
f BE A TR [ (E R 5 CNC S8t p ak s i, 4%
S TR MR CNC R0k 10% B,
MCPA6 / CNC10(120) 119 45 i & & T 4l MCPAG6.
X T4 f k&L I CNC J5 , MCPAG6 /CNC E 4
AR 45 i B 2 ) e i AL, 0 e AR A U A

BB S5 R FE I Br g, i H A CNC &
I, A SR T R, R T

i EIR TN FE AR R oS R AR
N ZEAHAA ONC, 8 58 SRR IR Y
A K. CNC Mg hmst B+ R E6A BAEH, 23
TR 2 B A A R R A W IR S IR W, i CNC
WinE L R Y L FI R . A8 LT 120°C
Tt 4k B CNC ) MCPA6 / CNC(120), % Jil 80 °C Tii
b B CNC 1) MCPA6 / CNC(80) 1 i Ik S W & &
HZ, TR 540 A% AR, 173 MCPAG /
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CNC(80) 1145 it & A4 & ol AR A s, 4%
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MCPA6 / CNC(120) 1) 45 &t B A T FR A, {HL45 i i
FEFH T, W] CNC X G 1 19 45 f i 2 A il A
FH 3 Y9805 0B 10% 28 120 °C T Ak B CNC
it , 7E CNC AV R UEAE R, B A4 5
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2.4 MCPAG6 /CNC S &4 e sk
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C1—MCPAG6; 1 —MCPAG6 / él\)IC(SO); m—MCPAG6 / CNC(120)
a— RIS ; b— BT 2L K R
[# 2 ANJa] CNC 2% MCPA6 / CNC &G RH R M BE

M 2 AT LA H N 80 °C i &b B CNC )5,
MCPAG6 / CNC(80) I Fir ffi i B Fl T 244 2 35 R
R MU 120°CHIALFE CNC 43500 1% i,
MCPAG6 / CNC(120) (/) $i 1 3 £ &y 80.2 MPa, 5
T4l MCPAG 11 78.5 MPa, #2155 1 2.2%, (H 2k %
CNC &R AREE N, &AM R A8 B A B 5
TR, YU IN CNC T 53300 10% B, MCPAG /
CNC(120) BIHLf5E (LA 70.2 MPa, Hor K —
J7 11 /& CNC B 3R A 2 BHAE R, iR & v
FETEAR TG B AR SRR LSRR PERE T R, 53
— 7 A BB 5 CNC 5 MCPAG6 MIAHATEAER .
U 120°CTHIALEE CNC i 480 inE] 10% i,
W 4K R I S e, A F] 52.4%, X AT ES CNC
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= 5T
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30
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= 0

0 1 3 10
CNCR 4/ %

C——MCPAG6; 1—MCPAG6 / CNC(80); mm—MCPA6 / CNC(120)
& 4 AR[E CNC FH 1 MCPAG6 / CNC B ARHRH Bl 11wk i g
TERGYHIE R T ML ZERA X
M 3 AT LLE H, S 80 °C il kb B CNC Ji
AR 1% BF, MCPAG6 / CNC(80) (725 i 5 & A1
25y S A A A S SR T, e R R S
FEEE4395 R 110.7 MPa f12.9 GPa, b4l MCPAG [1)
97.2 MPa Fil 2.4 GPa 734 1 13.9% #1 20.8% ;
PRI CNC J5 i 43 50N 3% B, 25 iy 5 5 2 iy
sif M B EE R BE R R R N 120 °C T Ak 3 CNC
Jii , CMCPAG6 / CNC(120) 114 25 555 J& 125 iy 530
P YA BT T, 4 CNC s 4508 1% B,
MCPA6 / CNC(120) F425 i 58 8 1125 iy LRSS 1 53
S3KF] 111.3 MPa #12.8 GPa, 4l H.4E MCPAG6 433
PR T 14.5% F16.7% 5 24U i CNC Jii &2 43 50
TR 3% W, 525 ARk A 25 o 2 A 25 il s 4SS
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AR . UEHLE RN CNC nf DU & 2 A4 )
HEHUEIE 1 RE

M 4 7] LLE ), % in CNC J5, CMCPAG6 /
CNC & & MRk e 11 o 5 B W b R34, > 4
80 °C il 4k . CNC Ji 1= 73 £ M 1% B, MCPA6 /
CNC(80) ik I ahh 5 4 3.9 kI /m’, % MCPA6
)54 kKI/m’ FF&ET 28%, 3 H B % CNC & & 1)
B, & A Rk e R AR LA K BB CNC
(RIS N SO LI PERRAR, Mats K. 2t F
CNC 2 [ A Wk 3L A 5 7K 43+, T AE R CL B
BETRANLIEN, S8 MCPAG 15T R,
T 6] 0 R AR FH AT, I i 2 A R I 55 , 53K
Bl 0 g AR . 4N 120 C AL EE CNC
H 80 H 1% BF, MCPA6 / CNC(120) £ it 11 s
S EE R 4.4 kI /m’, 5 T8N 80 °C WAk B CNC fY
MCPAG6 / CNC(80). it X AT i J& CNC £ 120 C 4l
HL2S 5 I KA 80 CHLRE T8 2>, H CNC %
T AR PESE A U AT BE L 2 R, BT AR S AR
XA 22 ) e 11 e i B S /)N

HF CNC X R G R, S8R R E
CNC & py3n, 1A rhpe S TRt s, fr Xt
CNC Ayl AE DT, A5 ] CNC Toid K AEA B Pk

RERIL A
3 #ig

(1) LA C1 K51 &7, C20 KI5, CNC 5
CL JFf A4 T MCPAG6 / CNC E &K,

(2) BN CNC IR R AT, B CNC 7 5
B, S AL EEAR, SN 120 °C AR CNC
53 80R 10% B, CL 14 % £k 28 A MCPAG6 1 93.0%
FEA 3 82.0%, CNC £8 120°C THiAb IS B D 4% BH 58
PR

(3) ¥ CNC =, B #& CNC & & 1) 34 i,
MCPA6 / CNC & A MBS 2 T, 450
TR R SE TR AR, RN 120 °C HilAL # CNC
J 543 B0k B 10% BF, MCPA6 / CNC(120) [y 2%
i BE M\ 4l MCPAG B 50.7% 45 155 2 53.8%, 4% i Tk
Ji [, MCPAG 45 5 1 8.4°C, 2 U4 55 DA 9.0 °C k7N F]
6.3°C.

(4) 4li MCPAG6 i J3 2 il ik 1 25 il 5
PERE 35 78.5 MPa,97.2 MPa i1 2.4 GPa, 4
I 120°CHIALFE CNC 408 1% B, MCPAG /
CNC(120) 1 7 {15 B2 25 il o B2 A1 25 i g A
4> %1 & 80.2 MPa,111.3 MPa F 2.8 GPa, # 4ii

MCPAG6 73 il 2 i 1 2.2%.,14.5% F1 16.7% ; ¥ Jil
120 C i 4b # CNC Bt 50 %0 10% B, MCPA6 /
CNC(120) 1y W7 24 i 1< 2 (2l MCPAG6 1) 31.7% 42
%] 52.4%, $25 T 65.3%.

2 £ uk

[1] Trache D, Tarchoun A F, Derradji M, et al. Nanocellulose:From
Fundamentals to Advanced Applications[J]. Front Chem,2020.
doi:10.3389/fchem.2020.00392.

[2] Xu Yi-Tao, Dai Yiling, Nguyen T D, et al. Aerogel materials with
periodic structures imprinted with cellulose nanocrystals[J]. Nano-
scale,2018(8).doi:10.1039/C7NRO7719J.

[3] de France K J, Hoare T, Cranston E D. Review of hydrogels and
aerogels containing nanocellulose[J]. Chemistry of Materials, 2017,
29:4609-4631.

[4] Kedzior S, Kiriakou M, Niinivaara E, et al. Incorporating cellulose
nanocrystals into the core of polymer latex particles via polymer
grafting[J]. ACS Macro Letters,2018,7:990-996.

[5] Sukyai P, Anongjanya P, Bunyahwuthakul N, et al. Effect of cel-
lulose nanocrystals from sugarcane bagasse on whey protein isolate-
based films[J]. Food Research International,2018,107:528-535.

[6] CerqueiraJ, Penha J, Oliveira R, et al. Production of biodegradable
starch nanocomposites using cellulose nanocrystals extracted from
coconut fibers[J]. Polimeros,2017,27:320-329.

[71 Gwon J G, Cho HJ, Lee D, et al. Physicochemical and me-
chanical properties of polypropylene-cellulose nanocrystal
nanocomposites:Effects of manufacturing process and chemical
grafting[J]. BioResources,2018,13(1):1 619—-1 636.

[8] Vatansever E, Arslan D, Sarul D S, et al. Effects of molecular
weight and crystallizability of polylactide on the cellulose nanocrys-
tal dispersion quality in their nanocomposites[J]. Int J Biol Macro-
mol,2020, 154:276-290.

[91 Boujemaoui A, Sanchez C C, Engstrom J, et al. Polycaprolactone
nanocomposites reinforced with cellulose nanocrystals surface-mod-
ified via covalent grafting or physisorption:A comparative study[J].
ACS Appl Mater Interfaces,2017,9(40):35305-35 318.

[10] Zuppolini S, Maya I C, Diodato L, et al. Self-associating
cellulose-graft-poly(e-caprolactone) to design nanoparticles for
drug release[J]. Mater Sci Eng C Mater Biol Appl,2020,108.
doi:10.1016/j.msec.2019.110385.

[11] Rahimi S K, Acinehvand R, Kim K, et al. Structure and biocom-
patibility of bioabsorbable nanocomposites of aliphatic-aromatic
copolyester and cellulose nanocrystals[J]. Biomacromolecules,
2017,18(7):2179-2 194.

[12] RERE, 250, 20 S . MR AR IF L I s TR A e e 6 2
BRI S PEREDESE [J]. MEHTAR,2018(2):49-54.

Liu Guangzhi, Li Wei , Fei Youqing. Study on the preparation and
properties of textile-ramie fiber reinforced in-situ anionic poly-

amide-6 composites[J]. Materials Review,2018(2):49-54.



JKRHLF, 45 MC 2Tk 6 / PR ARG A bR AL i 5 M Mg 7

[13]

[14]

[15]

Chen Jia, Volinsky A A, He Wei. Synthesis and characterization
of MC nylon / modified yttrium hydroxide nanocomposites[J].
Journal of Applied Polymer Science,2016,133(17).doi:10.1002/
app.43356.

Li Chengjie, Xiang Meng, Ye Lin. Intercalation structure and
highly enhancing tribological performance of monomer casting ny-
lon-6 / graphene nano-composites[J]. Composites Part A:Applied
Science and Manufacturing,2017,95:274-285.

Xu Sheng, Zhao Xiaowen, Ye Lin. Mechanical and crystalline

properties of monomer casting nylon-6 / SiO, composites prepared

via in situ polymerization[J]. Polymer Engineering & Science,

[16]

[17]

[18]

2013,53(9):1 809-1 822.

Shi Hao, Xia Lijian, Guo Zonglei, et al. Manufacture and per-
formance of textile-ramie fiber reinforced anionic polyamide 6
composites[J]. Fiber and Polymer,2019,20:1 705-1 715.
Cartledge H, Baillie C. Studies of microstructural and mechanical
properties of nylon / glass composite Part I The effect of thermal
processing on crystallinity, transcrystallinity and crystal phases[J].
J Mater Sci, 1999,34(20):5099-5 111.

Kan Ze, Yang Mingbo, Yang Wei, et al. Investigation on the
reactive processing of textile-ramie fiber reinforced anionic poly-

amide-6 composites[J]. Compos Sci Technol, 2015, 110:188-195.

AR A

1 WERE
C RPERIETCRRNE ST SR TR HAHTE, 16 VO B4R TG SR ST ST R
TSSO B BT R i CE PR ) A SR BUOTH AL . RO % e Sk
bR R, B R

2 WHER

 JURT IR I SCORIT ST BI85 TR — UL 4B SO R TR I

C (OF (EE B A R B SR SRR R, OB 20 DU I A e
S R TR AR A7 SIERTRLA BT 5 o (R RS BRI FHENI A 6 SR R T.
CBFAMRE (IR DT, EE OO ) VAR — TR

 WEBOCHEA. WSCR BRSO e SR A F 0, AN AR SR
RG] HIH IS F Y SRS AR S e SR SO B R RS FLRTER
PSR B B L, — R A R . SO A AR S, T ICRTEELA 200 ~ 300
IS, CHRITEER 3~ 8 1

C O)VIESC ESCRERSARRLITIE T . JEUCRRE— H TR BT S SRR R $T 2
HVNGAHIRR RGO RAAE S . 017, L1 % SCobk SRR B OB & AR R A
(P PR AT, (). PRSI P RO VDR A T B B
| RRTET RUAR P A *.opg. *.dwe. *.eps ARSI ITRIRGBERG I (6. MBI =G, %
R R TR A PR TP ek

() Bk, DM B BRSO B AT 3 AR AT A B 2 SR AR A S
 SUHBER R EOCH SR, TS IHRAT RS0, 2% SO AT — 2 R DR REIR SCE A 16 3. 5% 30K
ST MU FRCUHER , 05 SO W IS (SRS ). TSt — ik
RN AR YT (ORI 3 I AT 2 I 3 AR FUE AT 3, JUR I 45" o “et al”, ZEA%
IS SR T S L TS A FUARA F SRR BT SORA B A e 1 5

3 RS

L MRS hitp://wwwepal 973 net. ety “IEEBL" IR, KRV EATHLL P T AR
TR — M A AR A S UL e 3 i A R DK 1 2 T AR

4 EEEW

RN R bR AT AT AR AN BRI . B — 28 T I
R AR A ORGP . W R BN HE BRI 50, S0 0






