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È 1  MNXYQ[ÉÊÈ 

Fig.1  Schematic diagram of laser surface nitriding 

 

 

 

 

 

 

 

 

 

 

È 2  ËkNÌÍÎ_`¬ 

Fig.2  Energy distribution of rectangular spot along with long edge 
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È 3  �"^_`�efghdMNbcUÏvÐt 

Fig.3  Relationship between scanning speed and laser power for 

different line energy 
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È 4  MNbc\ 1400 W�Q[Ò5�g}ÓÈ 

Fig.4  High-speed video of the nitriding process with 1400 W 

laser power 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

È 5  ^_`ÔÕ�lrdlq4MNbcvÐt 

Fig.5  Relationship between depth (a), width (b) of molten pool 

and laser power for the certain line energy 
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Fig.6  Hardness curves of nitrided layers obtained at line energy 

of 400 J/mm 
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È 7  Q[i���Ù 

Fig.7  Microstructure of nitrided layers (line energy: 400 J/mm, 

laser power: 1400 W, scanning speed: 3.5 mm/s) 
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È 8  ^_`¬Ú\ 90(240(400(600 J/mm�UÏv�"MNbcvQ[iXYkp 

Fig.8  Surface morphologies of nitrided layers obtained in different laser power when line energy is 90, 240, 400, 600 J/mm 

 

}v(|��bcìíi 600�900 W|¹2º3VA

c®�f(q��bcìíi 1200�1400 W|�s�

¹¢\f(qº»vc®D 

o 8V³�»s�¹O�bcìí¢\�f(qV

AwåÀ¼C�çè3c®�ÌÍ�V³reVAß!

��½¾�¿�	Pf(qVA¶w½u�\Dbcd

ef(ÌÍ��Ýe��À\¹�f�ÁÂ Ti-N�o�

f�ÃlÄÝeÝ�Å�©ÆÌ 1668 Ç«�9UÈf�

Ýe���äÉ�Ê½�U|Ë;r�VA����f

(��Ý�©bcìí�x�ÌÍ«�bcfjÓÎÏ�

hÈfÝeÐÎNÑÒÓuwÔ�9Uw¶Õ���Ö

×Æ�çèVAD�8f(q~�pØÝ�sÀ�Ù

r�Ê\�EfÙÚ!r�VA1Û:q�f�(�

<ÜÝ��Z���:Ý���¢�CÝÞ�e�Þ

��º��23VAc®�f(qD�ÝÞVA��

��|�ßÄ¢�bcf�r���j'7|}�B

2º3VAc®�f(qD 

½¾[14]�7 CO

2

bc���Cº»ÓÔ¹MN

Oa�VAbcf(!"�:VA¶w�s²V³f

ÙÚ!f(q�8h0�ÜÝ�Â���!pØfÙ

Ú³Õàx�9Uf(<!r�VAº1Û:qDZ

	÷!"VAçè�f(q©s�¹Hbcìí¹�

x«�f�(�<!r�VAm6h1Û:q�;o 8

zn�VAçè�f(qZ6�Ý�Ö×x8}��

1Û:q�U|ÙHÚ¹ÛÜ�[ái´©o 12«�

ðÁ³fÙÚ!r�VAm6h1Û:qDVAc®

�f(q©s�¹Hbcìí¹�\|«���ÝÞ�

�
�ZäZr�VAm6h1Û:q�fß!ÕÖ

×Ø�U|º�3âãäår�VAm6hfÙÚ�

:qÌÍDf(qVAc®hHçèh�æ�1i�

9
0

 
J
/
m

m
 

600 W 

1 mm 

900 W 1200 W 

1400 W 

2
4

0
 
J
/
m

m
 

4
0

0
 
J
/
m

m
 

6
0

0
 
J
/
m

m
 



Ç4064Ç                                          Ñ=?23405                                           � 48� 

��E!o 8 �£¤VAçèhæ�v(�\�ð

Ç��Ä7Cc?Õõ��VAçèhmª3 ��

�cs

[14]

�Ä��æ�Ï¤�\huD 

f(qVAÕõwå;o 9 zn�:içèVA

Hc®VA�ð 2 kÕõwå!r��f(q¼}�

Ý�h¹;¶ç3�ÐÑ@¯�è²ª�ðTè²ª

ç3�.�s�ßÂ\�áÙ@¯D 

o 5V³s�¹j |�bcìí¢\�f(qÝ

�HÝ+1£¢\¤�é�bcìíj |���s�

¹¢\�ßÐÑÒ�àx�f(q��H+�£¢\¤

��;o 10znDE�s�¹i 600 J/mm�bcìí 

 

 

 

 

 

 

 

 

 

È 9  Q[iN�XY4��XY��kp 

Fig.9  Micro-topography of smooth surface (a) and rough 

surface (b) of nitrided layers 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

È 10  MNbcÔÕ�lrdlq4^_`vÐt 

Fig.10  Relationship between depth (a), width (b) of molten pool 

and line energy with the certain laser power 
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È 11  jktu4^_`dMNbcvÐt 

Fig.11  Relationship between forming coefficient and 

line energy (a), laser power (b) 
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È 12  È 8UÏvQ[ilmkp 

Fig.12  Morphologies of molten pool of nitrided layers corresponding to Fig.8 
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È 13  Heiple XYÛÜ�ÝÞ� 

Fig.13  Heiple model of surface tension
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È 14  l�°ßÉÊÈsUÏvlmkp 

Fig.14  Diagrams of melt flow and morphology of molten 

pool
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Fig.15  Diagram of molten pool interface with multiple inflec- 

tions (a) and corresponding morphology of molten pool (b) 

(line energy 480 J/mm, laser power 1400 W, scanning 

speed 2.9 mm/s) 
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Forming Characteristics and Analysis of Nitrided Layers 

During the Laser Nitriding Titanium Alloy 

 

Yao Xiaochun, Shi Yu, Li Tingqu, Li Wensheng 

(State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals, 

Lanzhou University of Technology, Lanzhou 730000, China) 

 

Abstract: Ti-6Al-4V alloy was nitrided in nitrogen atmosphere using diode laser, in order to study the influence of line energy, laser power 

and scanning speed on the surface morphology, molten pool geometry, width, penetration depth and the forming coefficient of the nitrided 

layers. The surface and cross-section morphologies of the nitrided layers were taken by optical and scanning electron microscopy, and the 

hardness was measured by microhardness tester. The results show that the surface morphology are composed of the smooth and rough 

surface. When the surface temperature of the molten pool is low, increasing the interaction time has little effect on the surface morphology. 

With the increase of laser power under the same line energy, the melting depth and width of the nitrided layer increase, and the forming 

coefficient decreases. As the scanning speed decreases under the same laser power, the penetration depth and width increase, and the 

forming coefficient reduces. When the forming coefficient is very small, the nitrided layers will produce longitudinally distributed cracks. 

The convection form and the strength result in the formation of a hemispherical interface, a finger interface, a W-shaped interface and so on; 

besides, multiple inflections happen in the slope of the boundaries of molten pool. 

Key words: laser nitriding; titanium alloy; surface morphology; molten pool geometry; forming coefficient 
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