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ABSTRACT Spray forming with a short process chains has been proven to be a powerful tool for
the production of high–alloyed materials. Niobium, as a strong former for the carbide, will mainly form
primary MC carbides, such as NbC, which can be formed via the reaction between Nb and C atoms
at the beginning of solidification, and it can act as the inoculants and refine the cast structure of steel
which can mainly form primary MC carbides. M3 high speed steel with or without Nb addition were
prepared via spray forming. The effect of Nb on the microstructure of spray formed M3 high speed
steel was investigated by SEM, EDX and XRD methods; the friction performances of these two steels
were studied by SRV high temperature tribometer and 3D white–light interfering profilometer. The
results show that the amount of primary MC carbides can increase sharply while the reduction of the
amount of primary M2C due to the substitution of 2% Nb for 1% V (mass fraction) in M3 high speed
steel. For the high cooling rate during the spray forming, the primary MC carbides can be refined and
dispersed. Large number of primary MC carbides can improve the abrasive wear resistance of M3 high
speed steel, but cannot enhance its oxidation resistance; M3 high speed steels containing Nb possess
high tempering resistance.
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"l/Z1�.ii�d�g0�4Z+� [1−5]. :8M Nb K {/I>kP.i  {d�!0?6� [6−13], .i Nb �?:�6~	 NbC �Y2		g  {��6� [14]. �i {d=, Nb �_klO$MCkKm�{wRes [15−17], :�Y"li.�SY�+r�wRmn (>i1��S:&��f�l/Z1�.i�<0�) �i {d: D�r$	�_k ;, x�I	".i�F�!6� [18−25]. Zw, Bw�SY�Q�-�= Nb �?li�i�dYN!x. pw Nb 7E|;yg/, Zw {%$�+H+� V �?. �P� Nb ��T?�N V � 2 �, ��/� [26] �� M3 d=P 1%Nb(;?H	, n:) 5�
0.5%V, =sZ1= MC &/bZ12RXMO	, $.iC�F�Z14Z+�, .i Nb �?, !Hx�H:.i�Fg0�rj�. Zw, "/�{k 2%Nb �5
M3 �i�d= 1%V, �7g ;yg/�x�BnK,.i�F�4Z+��g0Krj�. :b7k�SY�wR-S: MC &/b�O	, m/ {Z1.

1 �)tre6��FN M2 �i�d, k&G1l�SU℄ {oF, �	�3�nk=ÆMa_Z4C;, Z�r?
C, W, Mo, Cr, V–Fe  {� Nb–Fe  {, �Wr�b[(, � 3 y�, iO�=[�, iOW0�N 1550 
,=[��4� 100 
. dEp N2 `/, CkIT;M3$j`/�[, �E;?$�N 0.6 	 1, SG�3N
450 mm. �1E!SG�%P�:/N(uB�, \��Y2
� 110 mm, i� 150 mm �SG
w;, 7�
Nb � M3 i�d�� Nb � MN i�d�/)YH>- 1 �k.� M3 � MN SG
KH/#-f�N 10 mm×

10 mm×10 mm �w;kw{z�I�4q4, #-2
N 40 mm �w;kw4Zw. e4Zww;2�Y2
 20 mm ^t��
, i2W07 w 1050 
, �2W07 w 950 
. e;�`L�gr Ar �'"`℄�=��4q4, PF44q4�_=i�d�:/A&.ew;���(, k 5% ��Æ�<E%, 7k

ZEISS SUPRA 55 L=SGe(TrK	 (FE–SEM)� PHILIPSAPD–10 � X Sy3SM (XRD, Cu Kα)H/�IZ1�Y�HfzZY. �2�$�
K:-f�N 5 mm×10 mm×55 mm �℄0%w;��h�6�Gw, :-f�N 5 mm×5 mm×50 mm �w;��D,!0Gw, :-2
 5 mm, i 10mm ��LQw;��-�!0Gw, PK;)�xGwkw;���>n4q4�860 
, 120 min, F.C.+1180 
, 8 min, W.Q.+

560 
, 60 min, A.C.(3 cyc). e2�$w;��4q4(, 8�GwuWg0--(�'g�, 4q4:0N�860 
, 120 min, F.C.+1180 
, 8 min, W.Q.+

560 
, 60 min, A.C.(3 cyc)+600 
, 240 min, A.C..e2�$w;4q4, ÆEÆ��(, ��l>j�e6,4q4:0N: 860 
, 120 min, F.C.+1180 
, 8 min,

W.Q.+540(560) 
, 60 min, A.C.(3 cyc)(�=, M3 �
MN i�d�9=W0H/N 540 � 560 
). l>j�e6N&npl>, l>TN SiN (, CkGWjl>,�_ 1 mm, ÆQ 50 Hz, ��H/N 100, 200, 300 �
400 N. kDQ��`V-�YMG�j�2G, 25j�-��Y�YH��Hf.

2 �)�{-�	
2.1 Nb pi��85n,"? 1 kjC M3 � MN i�d�SG
Z1�
SEM �. !a, M3 � MN i�d�B2Z1�NWs2, 7:�q, M3 =�r	?Fy�s2; M3 � MNi�d��9		J/7	 (30 µm ^t), �N�FZ1; M3 �i�dSG
�r}��&Q MC �&/b
(>? 1a =b> A �k) �HQ M2C �&/b (>? 1a =b> B �k); � 2%Nb � MN i�dSG
=� MC &/b (? 1b =b> C �k) �?gr8w M3i�dSG
, C$k 1%Nb 5� M3 i�d= 0.5%Vb>�w;=� MC &/b	?8 [26], $pw Nb �?�Z, g MC &/b�fjW0℄i, Z: MC &/bf�r��Z, : M2C(? 1b =b> D �k) �?�z5w M3 	Q`O; M3 i�d=� MC &/bI>q��tfj, �Q|�9\Ow:N7	�&Q (>? 1a=b> A �k), : MN i�d=� MC &/b�H9�B2=, N�(�, f�AL� 1—5 µm (? 1b =b>f 1 M3 � MN j�e�0*ZI

Table 1 Compositions of M3 and MN high speed steels

(mass fraction, %)

Steel C W Mo Cr V Nb Si Mn N Fe

M3 1.35 6.24 5.09 4.15 3.07 – 0.29 0.33 0.0027 Bal.

MN 1.31 6.05 5.11 4.11 1.98 2.01 0.34 0.29 0.0025 Bal.
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� 1 M3 � MN h�RF	Y0� SEM �
Fig.1 SEM images of as–spray fromed microstructures of M3 (a) and MN (b) high speed steels

C �k).? 1 �krÆ�g, ��SY� M3 �i�d=, k
2% Nb 5� 1% V x	Q�ZZ1=Hy MC &/b��?, g M2C &/b�?. %qZN, Nb l V �r| C t!�r ;, N*.;�Y&/b (EDX R\G�B2=r_y Nb ���); :b, Nb �rti�fjW0, �}��_.�(fj2O	, |:g C_yEz=� C �0, S:}��_, : V fjW0M , 7:�}��_.�E.fj, Z:5:�Y M2C &/b,2r;H V :�<wB2. IB, � MN i�d=, pw
Nb pw}��_:�Y&/bfj��C	?� C, `OC W � Mo P&/b�jfj���, :.iC![��<0, r7wrj��4Z+��.i.? 2 qjC M3 � MN i�dSG
� XRD �.!a, M3�MNi�d�pWs2 (α),Fy�s2 (γ),

M2C �&/b� MC �&/bZY; M3 � MN i�d= MC &/b�3SMT87:, %qpw Nb �Z�, g MC �&/b=z�	?� V �T! Nb 5�,

MC �nM	=\+/. pw Nb �Tf�	w V �T,Zw MC &/b�[�!,	, r� XRD HfrÆU�, MN i�d= MC �&/b�nM	 a p M3 i�db� 0.42004 nm �Z5 0.43292 nm.? 3 kjC M3[26] � MN i�d=Hy&/b
MC ��Y, MC � EDX HfrÆ>- 2 �k. r ?
3 �- 2 !-, M3 i�dSG
= MC &/bI>Tw�tK, N7	�&Q (? 3a), EDX rÆ-g, �Y&/b�{��ÆP V NI, 2�r	?� W, Mo � Cr;:5w MN i�dSG
, pw�rl8� Nb, MC fjW0.i, MC ��tfj, N�(� (? 3b), EDXrÆ-g, MN i�d=fj� MC =I>{��ÆN
Nb, IrH+?� V � Fe; pw_yEz=� V, Mo �
W ��?℄i, P5w\���tq}�fj� MC =%��Æ��?Cli, P V nNgr.
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� 2 M3 � MN h�RF	� XRD �
Fig.2 XRD patterns of as–spray formed M3 (a) and MN

(b) high speed steels

� 3 M3 � MN h�RF	< MC %.a�X
Fig.3 Features of MC carbides in spray fromed M3[26] (a)

and MN (b) high speed steels
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Table 2 Compositions of primary MC carbides with respect

to total metallics in spray fromed M3 and MN high

speed steels

(atomic fraction,%)

MC Mo W Cr Fe V Nb

MC in M3 13.40 9.41 4.66 5.60 66.93 –

MC in grain 0.97 1.21 0.91 12.22 9.21 75.48

internal of MN

MC at grain 2.54 3.90 2.91 12.60 23.32 54.73

boundary of MN

2.2 Nb p M3 y�w'n,"- 3 kjC M3 � MN i�d�;)�xGwrÆ. !a, MN i�d�h�6��D,!0l M3 i�dr�ng, :'g�	Q.i, �Zq MN d=�rt8�g; MC �9. ? 4 kjC M3 � MN i�dg0�9=W0�+/. !a, M3 i�d�g0M35_�9=W0N 540 
, MN i�dN 560 
; MNi�dM3g0l M3 i�di� 2 HRC, 9=B/W0C℄iC� 50 
, MN i�d 600 
�9=g0K2� 67 HRC ^t. PKrÆ-g, Nb �Z�!.ii {d�9=Z+�22dg0�W0�ng [27,28], ��Z!xqZ� Nb 5 MC � M2C &/b�?�)o�gt8� W � Mo �<wB2, .iCB2�9=Z+�, :big0�Y Nb � MC �&/b.iC9=g0.

2.3 Nb p M3 y�w��'n,"? 5 N M3 � MN i�d�j�2G|���j,y. p? 5 !-, �7:��n, M3 i�d�j�?$
MN i�d	, ����Z, M3 i�d� MN i�dj�?�	Q�Z,;".[�z5J�`	; ��N 100 Nb, M3 i�dj�2G�N MN i�d� 2 �. ? 5rÆ�g, MN i�d�r$ M3 i�dt���j��x. f 3 �TZ� M3 � MN j�e�<* y
Table 3 Mechanical properties of spray formed M3 and MN

high speed steels

Steel Impact Bending Compressive Red

toughness strength strength hardness

J MPa MPa HRC

M3 16 2852 3702 62.5

MN 9 2673 4249 65.3
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� 4 �RX� M3 � MN h��f/�8<V/�*.
Fig.4 Hardness vs tempering temperature of spray formed

M3 and MN high speed steels
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� 5 �RX� M3 � MN h��i�1F – ��+x
Fig.5 Wear volumes–loading curves of spray formed M3

and MN high speed steels? 6 kjC��N 100 � 300 N b, M3 � MNi�d�-j#� SEM �. !a, � ��b (100

N), j�-js	?2#�;H:/b (? 6a � b),wb, j�Pj9j�NI, :/�UNS; ����Z� 300 N, M3 i�dj�-jsC�,�)�:/H (? 6c ="H&Q), pwl��:/HT���akn=\����U, �j�+N:/H�UNI, j9j�NS; Z� Nb � MN i�d� 300N ��n, �:/x;Zr��.i, :;js�,�)�:/H (?
6d ="H&Q), j�CP:/H�UNI, j9j�NS.z57� Nb � M3 d, MN drj��.iI>qZN Nb 	Q�ZCB2= MC &/b��?, %� MC �95�j9j��x�.iakgr. Zw, ��nj9j��I�"Tb, � Nb � MN d�j��x��l	�.i; :i��n:/H�U�I�"Tb, pw;"�:/�z�, Z:;"�j��xJ�`	.
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� 6 �RX� M3 � MN h��i�,b SEM �
Fig.6 SEM images of worn surfaces of spray formed M3 (a, c) and MN (b, d) high speed steels under 100 N (a, b)

and 300 N (c, d) loading

3 �	
(1) k 2% Nb(;?H	) 5� 1% V, !	Q�Z�SY� M3 �i�d=�Hy MC �&/b�?, :b, MC &/b�f�`	�H9t�
��QCp7	�&QP+N�(�. M3 i�d=Y V � MC &/bI>H9��t, �Q\7	�&Q; � Nb � MN i�d=Y Nb � MC &/bfjW0i, �}��_.�N�fj2O	, g C_yEz=� C �0, S:}��_, `OC M2C �&/b��?.

(2) Nb !rK\Ji�d�9=Z+�, MN i�d�M3g0l M3 i�d.i� 2 HRC, 9=B/W0.i� 50 
, 600 
9=g0K2!�a
67 HRC.

(3) Nb �6Zg�tfj	? MC &/b�9, .iCj9j���, g ��b� Nb � MN d�j��x��l	.i; pwi��b, j�P:/H�UNI, M3 � MN i�d��j��xJ�l	.h�� 
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chid, Viale D. Mater Sci Eng, 2008; A477: 69

[23] Ul'shin V I, Gogaev K A, Ul'shin S V. Pow d er Metall Met

Ceram , 2007; 46: 123

[24] Ernst I C, Duh D. J Mater Sci, 2004; 39: 6835

[25] Yan F, Xu Z, Shi H S, Fan J F. Mater Charact, 2008; 59:

592

[26] Yu Y P, Huang J F, Cui H, Cai Y H, Zhang J S. A d v Mater

Res, 2012; 418–420: 3

[27] Chi H X, Ma D S, Liu J H, Chen Z Z, Yong Q L. A cta

Metall Sin, 2010; 46: 206

(%�, V�D, J+, U,, hL. z�(�, 2010; 46:
206)
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6 	 1 :L_, Q�!b�~b�s��>��OJ0�zw�AG��F�s�}>�0);�Y8?��+�}�0���. �}�+��?^X���AG�+R� (^X�)���?�sI}�+��?^X�,�f7���f70+��?^X���gs}�AG}x`���?�AG�����)dA}}AG+����^�5x
+ – AG�+����,�
++����AGx`����#AG+����AG}A}+��� 20 zX�uAGA}��k�ÆU`<kiD#{0);.}���PN5� N0�Jb#{;W,3.}��72av. � O0�vPD}���C#'*QL�uCAG0���AG���>�*o. }��+��h<7t�J7�};.vPD}�����xbQL�AG��F��dW}>�'*. }AG+��#)����#)�.bZ'#�UJ3�#)QL\HlBbl�oEdK�DAG��FdW�UV; D'}k<dW�yz�>��h*!���`l�j1vPDAG��FdWu=;|mfsD�AG��F�yz�,',�+?�h=A
, u�(, u=-,, )p�℄�yz, Q"��\&, Cx Web2.0 R��o!1Re�; 37�AG��F��S.>�E�_kD�I.�?�sI}�+��'J<J7�Q1k{��^�5x
+ – AG�+��V[EJ'�� k�ÆUJ0vPDpU���,I����7.};.J78O, �
Vk�OJK��h1
4�o,�AG��F��"dW�sD?UV. q��AG��F�V^D 90% �A SCI �AG/��, 3/<O����, ����'mk. �uAG��`Z>!�., �[Q�AG��F�OCo���>℄. ;W6���F�dW����7�SXJm9=�DX>.���DXA)S. .\dW~)pk�ÆURK��AG��0);.!b~b, ~n>�, /^��e�, ReAG�R.�AG��F��J�ÆU?��}��y>℄ÆU, ~;�=, ��AGH~�hRe�", ,�r4℄��0[�, ��+�hK, O���k�5�hh,O[�AG�R�>�_k|v.


