%25 %51 TERREEFR 2015 4 1 11
Volume 25 Number 1 The Chinese Journal of Nonferrous Metals January 2015

TEHES: 1004-0609(2015)-01-0086-12

RN AREIEEEEE S
HEIRE R RIER

rAkL!, G4, 2 F, OREAL? FOF ZEGR!

(1. BB FUL L%, F§E 330031;
2. HEFHBE YIRS TREARSE, HA 336000)

8 FE: i dii R Er R R R SR RS, SRR B RA AR R G SN B S LR S
FORM A, A4 TR BRI K S (Carbon nanotubes, CNTs)MHEAR, FUATRALAN M. N EER . (RS0
PIERN R, BRTSCEES S Mo AR 2 122 k. M CNTs BESREERLE S PRl & T 2Ll K&
CNTs W5 GBI R R IS T, FEATHIA 40 T 04K CNTs 3 5REEIE ST A MRl M A i R 7k e,
FERFAR AN T 7 1) 38 AT 218

KR WAUKE: BG4 HOMEL BiEEE

hESHES: TG146.2+2; TB333 XEkFRERD: A

Research progress of elastic modulus of magnesium
matrix composite reinforced by carbon nanotubes

YUAN Qiu-hong', ZENG Xiao-shu', LIU Yong', ZHOU Guo-hua®, LUO Lei', WU Jun-bin'

(1. College of Mechatronics Engineering, Nanchang University, Nanchang 330031, China;
2. College of Physical Science and Technology, Yichun University, Yichun 336000, China)

Abstract: In order to meet the demand for structural parts with high elastic modulus of magnesium matrix composites,
the key point is to find the ideal reinforcement and explore the suitable processing. The addition of carbon
nanotubes(CNTs) in magnesium alloy can strength the fine-grained, stress transfer, dislocation and thermal residual stress,
which is prefer to improve the tensile strength, elastic modulus and other mechanical properties of magnesium alloy. The
research progress of magnesium matrix composite reinforced with CNTs was introduced based on the preparation
technology of magnesium matrix composite by CNTs. The effects of CNTs on the elastic modulus of composite were
specially focused. Furthermore, some research trends were also suggested.
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Fig. 1 Effect of solidification rate on dispersion of CNTsP!:

(a) Low cooling rate; (b) High cooling rate
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Fig. 2 Microstructures of ZM5/CNT1.5% compositel*!!:
(a) ZM5/CNT1.5%; (b) ZM5/1.5%CNT-T4 condition™"
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Table 1 Mechanical properties of as-cast AZ91D and AZ91D/

CNTs1.5% composite %

Ultimate Yield
Material tensile strength, strength, E/GPa 0/%
oy/MPa 09,/MPa
AZ91D 128.3 86.0 443 0.90
AZ91D/CNTs1.5% 157.0 104.0 643 1.28
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Table 2 Mechanical properties of Mg-6Zn/CNTs composite ™

Ultimate Yield
Material tensile strength, strength, E/GPa /%
o,/MPa oo./MPa
Mg-6Zn 271 157 40£0.8 22
Mg-6Zn/CNTs0.5% 295 173 43£1.1 27
Mg-6Zn/CNTs1.0% 321 209 52+1.8 17
Mg-6Zn/CNTs1.5% 308 197 57£22 10
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Fig. 3 Microstructures of as-extruded Mg-based composites
reinforced with CNTs™: (a) SEM image of CNTs distribution;

(b) TEM image of typical CNTs in composite
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Table 3 Mechanical properties of AZ91/CNTs composite!”

Unitimate Yield
Material tensile strength, strength, E/GPa /%
o/ MPa 00,/MPa

AZ91D 315 232 4042 14
AZ91D/CNTs0.5% 383 281 43+3 6
AZ91D/CNTs1.0% 388 295 4943 5
AZ91D/CNTs3.0% 361 284 51+3 3
AZ91D/CNTs5.0% 307 277 51+4 1
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Table 4 Mechanical properties of Mg/CNTs composite!*’!

Material oy/MPa 0/% E/GPa

Mg 106.7 8.6 45
Mg/CNTs0.3% 110.7 8.9 45.6
Mg/CNTs0.6% 128.5 9.8 46.8
Mg/CNTs0.9% 165.8 12.1 54
Mg/CNTs1.1% 178.5 13.8 57.8
Mg/CNTs1.3% 169.4 11.1 60
Mg/CNTs1.6% 146.6 9.1 62
Mg/CNTs2.0% 112.2 8.4 63
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Fig. 4 Effects of CNTs™ and Al*) contents on elastic
modulus of CNTs/magnesium matrix composite: (a) CNTsH;
(b) AL
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Table 8 Comparison of experimental and calculated values of elastic modulus of Al/CNTs composites

[48]

. Volume fraction of Elastic modulus/GPa
Theoretical models System
CNTs/% Calculated Experimental
- 0.50 75.0 68.60
AI/CNTsP
1.00 85.0 68.10
' 5 120.40
Al-Si/CNTs™! 5.67 130.0
Rule of mixtures model(ROM) (nanoindentation)
1.50 85.5 84.00
AI/CNTsP 3.00 95.0 98.00
4.50 110.0 113.00
) ) % 64 0.50 72.5 68.60
Halpin-Tsai model AI/CNTs P54
1.00 75.0 68.10
0.50 74.3 78.10
Cox model AI/CNTs!® 1.00 79.2 70.00
2.00 87.4 84.85
) (55, 63] 0.50 71.5 68.60
Modified Eshelby model Al/CNTs"™
1.00 73.5 68.10
) ) o5 58 0.50 85.0-88.0 68.60
Hashin-Shtrikman model AI/CNTsP
1.00 86.0-91.0 68.10
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Fig. 5 SEM images of fracture surface of Al-Si/CNTs
composite: (a) Partially infiltrated cluster™®; (b) Infiltrated
CNTs cluster®™
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