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Fig. 1 Size of tensile specimen (Unit: mm)
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Fig. 2 Cross section macro-morphologies of composites: (a)
Pure Ni; (b) Ni+3% PTFE; (c) Ni+5% PTFE; (d) Ni+7% PTFE;
(e) Ni+9% PTFE
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Fig.3 Microstructures of composite zone of Ni/Al composite: (a) Ni+3% PTFE; (b) Ni+5% PTFE; (c) Ni+7% PTFE; (d) Ni+9% PTFE
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Fig. 4 EPMA images of cross section of Ni/Al composite: (a) Secondary electron image; (b) Element distribution of Al; (c) Element

distribution of Ni; (d) Element distribution of F
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Table 1 Chemical components of points in Fig 4 by EPMA
x/%

Point Al Ni c " AlNi C/F
1 68.6 237 7.6 0 2.9 -
2 96.8 3.1 0 0 - -
3 71.9 28 0 0 2.6 -
4 3.1 722 245 0 - -
5 36.4 1.7 23.5 382 - 0.62
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Fig. 5 XRD patterns of Ni/Al composites with different
contents of PTFE
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Fig. 6 Tensile stress—strain curves of Ni/Al composites with

A2 i 2

different contents of PTFE

3 it
D) fE—EJuH N, BE%E PTFE SR, 54

ORI A PRI i, SRR A B T N, A



1814

hEA SR R

201749 A

AL 73 52 G AR AR S B B =y . VSN 7%PTFE
I, ARG IAS] 233 MPa, B4IEE A
B R (163 MPa)$ T T 42.9%0

2) 4 PTFE & H#d 7%I6), #4> PTFE 24k
HORE ﬁﬁALSFWEE%&W%&AEﬁD
ANFEEY), SEUSEE ALNI VISR AL S EA
S, BUERR S NI R RAE RN, 23 ALNI &JEie s
/RS &7/ IR e o N P S E DAL - N

3) e AR 3 B A /0N B i RURSE R %o A vy 4%
(A7 i BLAR T UK FE 4 i A AR R s BE, (H A
MORHRA B AR RE ) R B, AEhrfRa REd, BeAA N &6

PEARA L BIARES, G R EHRTR IR, A
PR T AR
REFERENCES

[I] TIONG S C, MA Z Y. Microstructural and mechanical
characteristics of in situ metal matrix composites[J]. Materials
Science and Engineering R, 2000, 29(3/4): 49—113.

(2] FERIRK, 4R F, IR, BSHT, O OBL TR T

#[¥] MWCNTs/Mg A RHK LB PERED]. F B (i )m
224, 2013, 23(8): 2163-2168.
XI Li-huan, XU Wei-ping, KE Li-ming, LI Meng-jiang, LI Ke.
Damping capacity of MWCNTs/Mg composites prepared by
friction stir processing[J]. The Chinese Journal of Nonferrous
Metals, 2013, 23(8): 2163-2168.

[3] ARORA H, SINGH H, DHINDAW B. Composite fabrication
using friction stir processing-a review[J]. The International
Journal of Advanced Manufacturing Technology, 2012, 61(9/12):
1043-1055.

[4] %& 75, 5kK¥, £507C. %M&I@X#W#@ﬁ%bui AZ91 %

B AL VR S PR RERI SR (D], A (0 )R A
2014, 24(12): 2951-2960.
CHAI Fang, ZHANG Da-tong, LI Yuan-yuan. Effects of heat
treatment on microstructure and mechanical properties 0ofAZ91
magnesium alloy prepared by friction stir processing[J]. The
Chinese Journal of Nonferrous Metals, 2014, 24(12):
2951-2960.

[5] KE L M, HUANG C P, XING L, HUANG KE-HUI. Al-Ni
intermetallic composites produced in situ by friction stir
processing[J]. Journal of Alloys and Compounds, 2010, 503:
494-499.

[6] QIANJW,LIJL, XIONGJT Z, ZHANG F S, LIN X. In situ
synthesizing AL;Ni for fabrication of intermetallic-reinforced
aluminum alloy composites by friction stir processing[J].
Materials Science and Engineering A, 2012, 550: 279-285.

[77 HSU C J, CHANG C Y, KAO P W, HO N J, CHANG C P.

Al-Al;Ti nanocomposites produced in situ by friction stir

(8]

9]

(10]

[11]

(12]

[13]

[14]

[15]

processing[J]. Acta Materialia, 2006, 54(19): 5241-5249.
B, B R, OM W, PR ST AR B AN
Tl ONTs/ 40 5 52 A B4 RHE A9 11 1 56 i [0 61 8 TR,
2014(1): 75-78, 84.

LI Wen-long, XIA Chun, XIN Li, KE Li-ming. Influence of pin
shape on homogeneity of CNTs distribution in CNTs/Al
composite fabricated by friction stir processing[J]. Materials
Engineering, 2014(1): 75-78, 84.

WA, Uk, BRIV, SRIRTE, B, FE K BEE
PP PEE SN )57 s 2B e AU B s LR (0], ot b A
R, 2010, 30(1): 47-51.

WEI Xian-ni, LI Jin-long, XIONG Jiang-tao, ZHANG Bin-shen,
QIAN Jin-wen, LI Xue-fei. Strengthening mechanism of in suit
synthesized particles in friction stir processed aluminum alloy[J].
Journal of Aeronautical Materials, 2010, 30(1): 47-51.

RUKVK, X, OB, B B, HJL meeRimait
JEE 50 T A FR I S R (T AR T A A BRHZ R 46 (0] 44
BEFIR A, 2015, 29(1): 99-105.

WU Bing-bing, LIU Cheng-long, TONG Lu, CHANG Xia,
HUANG Wei-jiu. Research progress of surface Modification of
Aluminum Alloy by friction stir processing II-The preparation
of surface composite layer[J]. Materials Review A, 2015, 29(1):
99-105.

BRI, ate, BEVLVE, KT, AR 88, DERREEEE N TR
P Ml e ALTI-AL RIEAZ]. BER, 2010, 31(8):
61-64.

QIAN Jin-wen, LI Jin-long, XIONG Jiang-tao, ZHANG
Fu-sheng, LING Xing. In suit synthesized ALTi-Al surface
composites by friction stir processing[J]. Transactions of the
china welding Institution, 2010, 31(8): 61-64.

BRIV, sRITT, ZEatle, BRMRSC, 3R, Bk AN L
% ALNI-AL JRA7 % N AR, #ifT & @ AR5 TR, 2010,
39(1): 139-143.

XIONG Jiang-tao, ZHANG Fu-sheng, LI Jin-long, QIAN
Jin-wen, HUANG Wei-dong. In suit synthesized Al;Ni-Al
composites by friction stir processing[J]. Rare Metal materials
and Engineering, 2010, 39(1): 139-143.

CHOI Don-Hyun, KIM Yong-Hwan, AHN Byung-Wook, KIM
Yong-1l, JUNG Seung-Boo. Microstructure and mechanical
property of A356 based composite by friction stir processing[J].
Transactions of Nonferrous Metals Society of China, 2013, 23(2):
335-340.

WANG Wei, SHI Qin-yu, LIU Peng, LI Hong-ke, LI Ting. A
novel way to produce bulk SiC, reinforced aluminum metal
matrix composites by friction stir processing[J]. Journal of
Materials Processing Technology, 2009, 209(4): 2099-2103.
SRAEEN, BAE, KB, & 5L, AR, O RAOK
JEXT PSP fil% ALI-Ni <)@ a4k & W) 3 s a5 52 S ADRHI 5%
[T P EA RS TR, 2015, 44(7): 1763-1767.

QIANG Jin-li, HUANG Chun-ping, ZHANG Hai-jun, YU Liang,



H27 5 9 W

EA&S], 55

PTEE & X FSP 4 Ni/ Al A FHEHA L RERE 500

1815

[16]

KE Li-ming, HUANG Bing. Influence of powder size on the
Al-Ni intermetallic compound reinforced Aluminum matrix
composites fabricated by FSP[J]. Rare Metal Materials and
Engineering, 2015, 44(7): 1763—1767.

sk B AR S AR B BRI L RO 41
A3 2EPERED]. AL E BRI R, 2013,

[17]

China, 2013.

TS, ARV, B O, KIBE, R, M. R
AR R BRI T 0% AN A4 RS A1 P52 [T].
P 4B AR TR, 2016, 45(9): 2414-2418.

WANG Cheng-jian, HUANG Chun-ping, XIA Chun, ZHANG
Hai-jun, KE Li-ming, LIU Feng-cheng. Influence of PTFE on

ZHANG Qi. Fabrication, microstructure and mechanical

properties of in situ aluminum matrix composites by friction stir processing[J].

processing[D]. Hefei: University of Science and Technology of 45(9): 2414-2418.

Influence of amounts of PTFE on microstructure and
properties of Ni/Al composites fabricated by FSP

WANG Cheng-jian, HUANG Chun-ping, XIA Chun, KE Li-ming, LIU Fen-cheng

(National Defence Key Discipline Laboratory of Light Alloy Processing Science and Technology,
Nanchang Hangkong University, Nanchang 330063, China)

Abstract: Ni/Al composites were fabricated by friction stir processing (FSP) through adding different amounts of
(PTFE+Ni) mixed powders to Al substrate. The microstructures of the composite zone were analyzed by SEM and EDS,
the phase composition was examined by XRD, the element distributions of the composite zone were analyzed by EPMA,
and the mechanical properties of the composites were tested by tensile test at room temperature. The results show that,
within a certain range, the uniformity of composites increases with increasing the amount of PTFE and the number of
AI3Ni intermetallic compound will be increased. When PTFE content reaches 7%, the tensile strength of composites
reaches 233 MPa, compared with the composites with pure Ni (its tensile strength is 163 MPa), the tensile strength of
composites with 7% PTFE increases by 42.9%; when PTFE content exceeds 7%, the reaction degree between Al and Ni
increases because the PTFE cracked will produce lots of heat, at the same time, different aluminide and AlF; are
produced. The agglomerations of Ni are found because the amount of partial Al decreases. As the reaction degree between
Al and Ni decreases, the number of Al;Ni intermetallic compounds decreases, as well as the tensile strength.

Key words: friction stir processing; PTFE; composites; in-situ reaction

Foundation item: Projects(51465044, 51364037) supported by the National Natural Science Foundation of China;
Project(YC2015S317) supported by the Graduate Innovation Fund of Jiangxi Province, China

Received date: 2016-07-15; Accepted date: 2016-11-28

Corresponding author: HUANG Chun-ping; Tel: +86-791-83863023; E-mail: hcp98106@163.com

(RiE  TEFE)

uniformity of Ni/Al composites fabrication with friction stir

Rare Metal Materials and Engineering, 2016,



