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1�>zY¯�"��'(�1 300 kg������	

760 
�� Al ��Mg �� Al-12Si ¬\����

	 735 
�� Al-5Ti-B�Al-Te � Al-Sb ¬\���

�1 C

2

Cl

6

� TiO

2

����"����çè�

WDW-100KN ��è�±���è�j Ф5 mm ��

ÁÈè��Nw�Éj 0.08 mm·min

-1

ù�����

FM-700�¯û�â������è���j 0.25 N�

����S 3  çèÅÆ!{jçè?i"�P"

ò��#���$«%�j HF:HCl:HNO

3

:H

2

O= 

2:3:5:195�âãäå� AX10ZIESS�&��â'çè

��"Ø(WX� FEI-Quanta 600)*�+�â'Y

é�9��,z�-� IN-CAx-sight 6247�.Yé/

���TEMäåçè� JEM-2100�Y012�+�

â'���DSC çè� STA-449-F3 �34)*z¹

/������Éj 10 
·min

-1

���56j 25~570 


"� 2 74j ZL114A �� T6 ¹º»3��� 3

jæ£�·� Te�Sb��81�×� T6¹º»�+

ê¯" 
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Table 1  Chemical composition of ZL114A aluminum alloy (ω/%) 

Si Mg Ti Be Te Sb Fe Cu Zn Mn Al 

6.5~7.5 0.45~0.75 0.1~0.25 0.05~0.07 0.12 0.18 Ã0.2 Ã0.2 Ã0.1 Ã0.1 Bal. 

 

 '""ZL114A#�() T6*+,-. 

Table 2  T6 heat treatment process parameters of ZL114A alloy 

Solution 

temperature/y 

Solution 

time/h 

Quenching 

medium 

Quenching 

temperature/y 

Transfer 

time/s 

Aging 

temperature/y 

Aging 

time/h 

Cooling 

medium 

540 14 Water 24 Ã20 160 8 Air 

 

 /""ZL114A#�0#1234 T6*+,-. 

Table 3  T6 heat treatment process parameters of ZL114A alloy after modification by mischmetal 

Test number 

Solution 

temperature/y 

Solution 

time/h 

Quenching 

medium 

Quenching 

temperature/y 

Aging 

temperature/y 

Aging 

time/h 

1 545 20 Water 0 170 10 

2 545 20 Water 65 170 10 

3 545 20 Polyethylene glycol 60 170 10 

4 540 14 Water 0 160 8 

5 540 14 Water 65 160 8 

6 540 14 Polyethylene glycol 60 160 8 

7 535 8 Water 0 150 6 

8 535 8 Water 65 150 6 

9 535 8 Polyethylene glycol 60 150 6 
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9 174j ZL114A��·� Te�Sb��%¿�

Õñ¿ DSC çè?i"�9 1 §:%¿ DSC 8;<

C 2=>?�@ 1=>?jA¹?�B2 267.7 
�

vN2 GPCD�W�ù@ 2 =>?jE¹?�B2

547.4 
�vN2cdº  (α-Al�Si�Mg

2

Si) F��c

P�E¹ñG"Õñ¿ DSC8;��<C 2=>?�

@ 1 =>?jE¹?�YHC 528.8�527.7 � 526.3  


�vN2 545 
Õñ 20 h�540 
Õñ 14 h� 535


Õñ 8 hë��äå¬ Al

4

(Sb, Te)�cP�E¹'

Gù@ 2 =>?jA¹?�YHC 545.6�544.2 �  

538.7 
�vN2�'IF��cP�E¹ñG" 

 

 

 

 

 

 

 

 

 

 

 

Ä 1  ZL114A,�ÅSPfgS DSCDMÆÇ 

Fig.1  DSC curves of ZL114A alloy under as-cast and 

as-quenched states 
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YéJjK�LÕñM������\�ÇN�cd

º Te�Sb ��Õñ¯z�����O���'I

Al

4

(Sb, Te)�cP¯z×Øª°�PQ 520~530 
5

6pE¹?�?!µRS�ù�Q���cdº�'

I�cP¯z�ª°TUA¹??!��×ØS�" 

�����	
�����

V�rs�iJj�#��¬ Si Pw>{1±

»WXYjYWZ»[\�Y�N»[\]^�WZ

»[Jjw>��kýKaz��>?cZ_��!

#PQRù�N»[Jjw>ò`+×Øab	#P

�Nd9Üb�c3#P�*�dT�N��w#P

W¿�gJw>hi"Te�Sb§�h�!����c

Sie�O��NYf�c3#P*�dT�N�SiP

¯z���ajO��ÅÆN��g�YHj 26� 5 

µmùhfi�� α-Al j«IJk��!�YZl�

Æm�¼nMoK����c Si P�WX��9 2a

pq74"rsw>º»%¿äå¬ SiPQRtue

i�ui�ÅÆN��g�vj 84� 12 µm" 

T6 Õñ¸wCïðÕñ¸xy�z-ë{'Î

��� α-Al j«pA� Si PQRbcdefé��

t|WWX��9 2b"�}~ T6¹º»P��s 545 


Õñ 20 hy 170 
�h 10 h��SiPQRÅÆR 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ä 2  ÅS9Ë] T6S-fghiÌÍU ZL114A,�UZ[ 

Fig.2  Microstructures of different ZL114A samples: (a) as-cast, (b) conventional T6 state, (c) sample 1, (d) sample 2, (e) sample 3,     

(f) sample 4, (g) sample 5, (h) sample 6, (i) sample 7, (j) sample 8, and (k) sample 9 
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��j 9 µm��9 2cpq74"�Lïð�>���

���k��Õñ¸w SiP�¸xy�×Øë�Si

PQRÅÆR�O	 12 µm����AY��W SiP�

�9 2d"��P������ïð¸w�Y�ñ�\

��TUïð¸wÕñ¸xyw�Î����SiP

QRÅÆN��g�O	 56� 11 µm��9 2e"P�

ïð�>�ïð��ë�s 540 
Õñ 14 h� 160 


�h 8 hº»�SiPQRt��iWX�ÅÆN�v

12 µm��9 2f"�Lïð�>������Si PQ

Rk��!�WXt��i�ÅÆN�O	 16 µm�

�9 2g"81���� 60 
ïð�#PÕñ¸xy

�Î��ë�SiPbcdt��i�ß�WiWX

é��ÅÆN�j 18 µm��9 2 h"� T6¹º»�

+ê¯81 535 
Õñ 8 h� 150 
�h 6 h��Si

PQRÅÆN��g�O	 22� 12 µm�t��iW

X��9 2i74"�ïð���	 65 
��SiPQ

RtN�iWXbcdYZ�ÅÆN��g�O	 26

� 14 µm��9 2j"81����ïð��SiPQR

N��Î��O���9 2jP��N��� 1.86�	

5.6�SiPQRÅÆN��g�vj 28� 5 µm�tu

eiWXYZ��9 2k" 

�����������

� 4 74j×�i¿è�����çè?i��

wN��"�� 4çè?i§:KZL114A��s Te�

Sb6�w>%¿ÅÆÀÁ	��ÂÃ	��ÇÈÉ�

Ø9��É�����YHj 240 MPa�192 MPa�

9.2%�12.6%� 720 MPa�}~ T6¹º»�YHk�

	 356 MPa�290 MPa�14.5%�20%� 1180 MPa"8

1 545 
Õñ 20 h� 170 
�h 10 h��T6¿ÅÆ

ÀÁ	��ÂÃ	��	 365� 320 MPa��}~ T6

¿P��YHk�v 2.5%� 10.3%ù81����ï

ðñò�ïð��ú�	 65 
��T6¿ÅÆÀÁ	

��ÂÃ	��ÇÈÉ�-j 360�308 MPa � 10%

���	��õö�÷ø�`ô"�}~ T6 ¹º»

P��s 540 
Õñ 14 h� 160 
�h 8 hC 0 


�ïë���lm����jæM�×w"k�ïð

�>������81�����±ñò����l

mÀÁ	�jæM�×w�ÂÃ	�	 288 MPa"

��C 535 
Õñ 8 h� 150 
�h 6 h��Õñ¸

xyw�����ë�cdº�c SiPWX�|i

�wj��i�ui�C�Oè�ÁÈN����C

SiP��DH �N�¡¬Ù¢���	����"

81 0 
ïð���T6¿ÅÆÀÁ	��ÂÃ	��

ÇÈÉ�Ø9��ÉYHj 345 MPa�260 MPa�14.2%

� 16.6%��ïð��k�	 65 
��ÅÆÀÁ	��

ÂÃ	��ÇÈÉYH	 340 MPa�258 MPa �

11.2%"81���� 60
ïð��T6 ¿ÅÆÀÁ	

��ÂÃ	�	 318� 222 MPaù� 545 
Õñ 20 h

y 170 
�h 10 hP��P� T6¹º»�+ê¯ë�

ÅÆÀÁ	��ÂÃ	�YH� 11.7%� 27.8%" 

�����������������

9 374j ZL114A�� Te�Sb6�w>×�i

¿Ø(WX SEMçè?i"s Te�Sb6�w>%¿

äå�c SiP¯z�����O��SiPWXt��

i�ß�Wi�Ø(WXÍbcØîjW����-

¯z�Øîö£��9 2a �9 3a pq74"Õñ�

hM�º»�bcdefé�azUV�¤�ST�

U�|i�c SiPQR�Oè���N�{1CØ(

�9¥oëaz�¤�âãö£��9 3b"�LÕñ

M�����\�ÇN�SiP�Õñ¸xy�×ØS

��0 
ëïð�Ccdºé�az�¤�|i SiP

QR�gJKcd	!hi��hk���lm�	

��õö���9 3c"�Lïð���k���h¸

wbcdé�� SiPQRWXßt��i�ÁÈÙ¢

�CØ(�9§�k��bcî¦��9 3d74"þ

§J�����ïð�ñ����h�cdº�c Si 
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Table 4  Mechanical properties test results of samples under different states 

State Tensile strength/MPa Yield strength/MPa Elongation/% Reduction of area/% Vickers hardness, HV/MPa 

As-cast 240 192 9.2 12.6 720 

Conventional T6 356 290 14.5 20 1180 

Sample 1 365 320 10.8 15.6 1240 

Sample 2 360 308 9.7 11.3 1220 

Sample 3 360 307 10.4 13.8 1220 

Sample 4 357 296 14.4 18 1240 

Sample 5 356 288 14.8 17.5 1210 

Sample 6 357 287 12.6 17.6 1210 

Sample 7 345 260 14.2 16.6 1220 

Sample 8 340 258 11.2 13.2 1180 

Sample 9 318 222 17.8 21.8 1180 
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Ä 3  QR�S ZL114A,�MÎv²XY 

Fig.3  Fracture morphologies of different ZL114A samples: (a) as-cast, (b) conventional T6 state, (c) sample 1, (d) sample 2, (e) sample 3, 

(f) sample 4, (g) sample 5, (h) sample 6, (i) sample 7, (j) sample 8, and (k) sample 9 

 

PtN�iWX�ÁÈ¸w¨�C SiP��DH��

©�ØîÙ¢�CØ(�9¥oëazk¾�bcØ

îª��9 3epqB«74"�LÕñy�hM��

���\���Si P�Õñ¸xy��Rë�Si

PWX�|i�wjuei���i�ui�ÁÈ¸

w¨�C SiPQR��DH��©�Ù¢�CØ(�

9¥oëaz� SiPÚ¬yk¾�bcØîª��9

3f~3h74"s 535 
Õñ 8 h� 150 
�h 6 h��

�c SiPWXßt��i�uei�ÁÈ¸wâãî

¦b�© SiPQRÇÈy�CØ(�9¥oëaz

bcØîª���AYâãö£ù�}~ T6¿y 545 


Õñ 20 hP��ö£UVk�Oa��9 3i"�L

ïð�>��®R���81����ïð�Si P¸

xy�Î��ë�Ø(�9ö£WXßt��i�N

�i�ÅÆN�vj 21 µm��9 3j� 3kpq74" 

9 4 74jè� 1 Ø(�9WX[ EDS Yé?

i"�9 4 çè?i§:cdØîºö£pÙÚQR

WXj Al

4

(Sb, Te)�/¬ Sb ��,zj 30.23%�Te

��,z�j 2.18%"V�rs?i�kKTe�Sb�

�C#P���F��c¯N��§°±C#P�� 
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Ä 4  MÎ 1v²XY- EDSDM`a 

Fig.4  Fracture morphology (a) and EDS test results (b) of 

sample 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ä 5  MÎ 3ÏMÎ 7UuÐ TEMDM`a 

Fig.5  TEM images and SAED patterns of grain boundary: 

(a) sample 3 and (b) sample 7 
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α-Alj«� Al

4

(Sb, Te)�CcdSÍQR6�|�W

¶·¸YZ

[7]

"9 5 74jè� 3 �è� 7 cdº

Mg

2

SiP� TEMçè?i"�LÕñ��h����

\���Õñ¸wñ��� α-Al j«pA� Mg�

Si��,z�#�×Øª°�ïð¹\	!���Õ

ñ¸xy���ë�TU�h	!P Mg

2

Si �é�

¯z�����aºë�é�UV×ØO�"�9

5a74Kè� 3bcdé�� Mg

2

SiPÅÆN�vj

224 nm�è� 7é�Mg

2

SiP�ÅÆN�O	 612 nmù

é���vª° 62%���ÅÆÀÁ	��ÂÃ	�

YHë 14.7%� 27.7%" 

��������

1) �LÕñ���M��\�k��cdº Te�

Sb ��ñ��� α-Al j«�¯z���×ØO��

cdº Al

4

(Te, Sb)�'I�cP�¯z×Øª°�

520~530 
56pE¹??!µRS�ùcdº�'

I�cP¯z�ª°TUA¹??!��µRO�" 

2) %¿äå����c Si Pßtuei�ui

WXYZ�ÅÆN��g�vj 84� 12 µm��LÕ

ñ��h���M��\�O���h?»�bcd

YZ� SiPWX¼½�uei�ß�Wi�N�i¾

wj��i���i�|W�545 
Õñ 20 h� 170 


�h 10 hë|i SiPQR�ÅÆR��j 9 µm" 

3) Si�Mg��ÕñÎ��� α-Alj«pA�¯

z����Õñ���M��\�k�¿O��ïð

¹\ Si PÕñ¸xy�Oïð�>�ïð��^_

��ù65 
����ïð�>ës 545 
Õñ 20 h

� 170 
�h 10 hë�cdº Mg

2

Si·¸	!P�Å

ÆN�vj 224 nm���lm�ÅÆÀÁ	��ÂÃ

	��ÇÈÉ�Ø9��É�����YHj 360 

MPa�307 MPa�10.4%�13.8%� 1220 MPa�Ø(�

9Íö£ØîjW���°zbcØîª" 
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Abstract: The silicon modification was prepared by adding Te and Sb elements in the smelting process. The chemical composition of the 

material was determined by inductively coupled method, and the mechanical properties, morphology and microstructural evolution of 

silicon under different T6 states were analyzed by DSC, OM, SEM, EDS, TEM and universal testing machine. The results show that the 

number and density of Te, Sb and Si, Mg elements dissolve in the primary α-Al matrix and the endothermic peak among from 520 °C to 

530 °C increase with the increase of the solid solution and aging temperature, together with an increased solution supersaturation of silicon 

in the quenching moment. Whereas, the quantity of Al

4

(Te, Sb) eutectic phase reduces continuously, the morphology of silicon particles 

changes from pin-like, polygonal and long-rod to short-rod-like, oval and spherical, and the average size is merely 9 µm. The average tensile 

strength, yield strength, elongation, reduction of area and Vickers hardness after solidificating at 545 °C for 20 h and aging at 170 y for 10 h 

with the polyethylene glycol quenching medium are 360 MPa, 307 MPa, 10.4%, 13.8% and 1220 MPa, respectively. The dimple morphology 

is the dominated fracture surface, accompanied by some intergranular fracture zone, and the average length of Mg

2

Si phase is about 224 nm. 

Key words: Te; Sb; ZL114A alloy; microstructure; mechanical property; silicon modification 
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