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ABSTRACT It is well{recognized that low � {CSL boundaries are highly populated in the grain
boundary character distribution (GBCD) for austenitic stainless steel (SS) processed by low strain and
subsequent annealing. However, large{strain plus annealing typically tends to introducing numerous
random high angle grain boundaries (RHABs) instead of producing high fraction of � 3, � 9 and � 27
boundaries. In this case, the distribution of grain boundary planesof RHABs must be very relevant
to the properties of material. The current study is to explore the evolution of GBCD and grain
boundary plane distribution (GBPD) in 304 austenitic SS after large strain and subsequent annealing
using electron backscatter di�raction (EBSD) and �ve{paramete r analysis (FPA). After solid solution
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treatment, 304 steel samples were separately processed by multiple forging (MF) and direct rolling
(DR) with true strain "=2 followed by same annealing at 900� for 2|120 min. Then the GBCDs
and GBPDs of the two groups of samples were examined. The resultsshow that the total � 3n (n=1,
2, 3) special boundaries in any sample as processed take a length fraction of lower than 45% out of
the entire boundaries, and with annealing proceeding the incoherent � 3 boundaries tend to be tuned
into coherent ones and consequently the summation fractions of� 9 and � 27 boundaries decrease
accordingly. In the two samples which were separately processed by MF and DR but followed by the
same annealing at 900� for 120 min, their random boundaries or general high angle boundaries (� 3n

special boundaries �ltered) mostly appeare to be theh111i twist and h110i tilt boundaries, indicating
there exist grain boundary textures (GBT) in both samples. However, in the condition of some mis{
orientations, the GBPDs of random boundaries are quite di�erent in the two samples. For grain
boundaries ofh111i /30|40 � misorientation, more grain boundaries of twist type nearly on the exact
f 111g plane are found in the specimen processed by DR and annealing for 120 min (DR120) compared
to that processed by MF and annealing for 120 min (MF120). For thegrain boundaries ofh110i /50 �

misorientation, it was found that most of such boundaries in MF120 are tilt type and positioned on
f 112g, f 113g and f 115g planes, whereas those in DR120 are tilt or mixed type positioned onf 001g,
f 111g and f 012g. It was suggested that there are distinct e�ects of pre{processing on the GBPDs of
annealed 304 steel.
KEY WORDS 304 stainless steel, grain boundary character distribution, grain boundary plane

distribution, grain boundary texture
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Fig.6 Misorientation distribution functions (MDFs) for specime ns MF005 (a), MF030 (b), MF060 (c) and MF120
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Fig.7 MDFs for specimens DR005 (a), DR030 (b), DR060 (c) and DR120 ( d)
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Fig.8 Distributions of the grain boundary plane of � 3 , � (n), plotted in stereographic projection along [001] for

specimens MF005 (a), MF030 (b), MF060 (c) and MF120 (d) (The s preading of intensity away from the

ideal [111] position is shown by the red circles, indicating the relative number of incoherent � 3 boundaries)
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Fig.9 Distributions of the grain boundary plane of � 3 , � (n), plotted in stereographic projection along [001] for

specimens DR005 (a), DR030 (b), DR060 (c) and DR120 (d) (The s preading of intensity away from the

ideal [111] position is shown by the red circles, indicating the relative number of incoherent � 3 boundaries)



� 902 ' � o � j � � | 48 @

% � X 	 1 w 45%, � I " � s w S # ] i 3 5 /  v w

j y X + � X C J X 65%[28;29] . | 8 d x , • � * M <

h ] # i ,  v w j y X • � h � � 0 % d : d 
 w . J

� # � > Q 0 % w 	 C � 8 c w • U ^ ) ( @ 0 
 ) [ F

[ , ? # # � y ) w � H � y d 1 J k h w

[18] . ` j y w

; Z 0 % X X k � � 3, � 9 _ � 27 0 % i , � • � h � �

0 % + ^ FPA % 8 , � ! V @ � 11 _ 12 � a . v 
 P

, 10 f 001g % m � � �

Fig.10 f 001g standard stereographic projection

E , 2 y j y w • � h � � 0 % • � . f 111g0 x • }

� � * , - ! > � • � w 2 � % 4 ( - M F 9 _ ! F 9 w

� 3 0 % � X k � a ), � _ d f 110g � � h110i ) 0 i

w 0 x C N @ • � � � q E % 4 w 0 x • } , n f 100g0

x � j r � W @ . > ( { 1 n MF q d DR j y , 3

900 �  v i 	 b . • � w 0 % K H , � GBT.

• � P x , a )  v Z . v 0 % � � z w / � [ } �

< , • � x � X 0 Z H h P � z v 0 % x } , f • � x d

� % x � z w 0 % b 5 1 j � % x � 5 w 0 % , J � 9 )

> 2 : | U . > 2 y  v j y X 	 � � 
 @ . � r 7 [

} � n i = w } � . 0 % x w % 4 # � � +  > Q 0 % w

� % x � ( m + x } % x � ) M � � , > Q 0 % ) � , �

% x � ) z

[15� 18] . @ V * G g Y � 0 
 X 3 : ~ \

w z N w 0 % x f 111g, f 110g_ f 100gw % 4 u � , >

� � @ f 111gw % 4 # � z 5 , f 111g} ) fcc ) q w

u � x , � % x � d z z w , Wen _ Zhang[30]
� X �

} � @ , \ � fcc ) q X 3 : z N w 0 x w � _ � g d


 111 < 
 100 < 
 110, n � Au w % x � @ � ! V

[31]
(

{ , 0 x w � _ � g d 
 111 < 
 110 < 
 100, >  � \ w

! V z � • Q .

) a > \ { U " • � h � � 0 % w GBPD _ GBT,

�  v 2 h w j y MF120 _ DR120 ) X , � � h111i

, 11 MF i x W ~ � g � 
 / $ w $ 3 � (n)

Fig.11 Distributions of grain boundary plane for random high angle grain boundaries, � (n), plotted in stereographic

projection along [001] for specimens MF005 (a), MF030 (b), M F060 (c) and MF120 (d)
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Fig.12 Distributions of grain boundary plane for random high angle grain boundaries, � (n), plotted in stereographic

projection along [001] for specimens DR005 (a), DR030 (b), D R060 (c) and DR120 (d)
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Fig.13 Distributions of grain boundary plane for h111i misorientation random high angle grain boundaries, � (n),

plotted in stereographic projection along [001] for specim en MF120 with misorientations of 111/10 � (a),

111/20 � (b), 111/30 � (c), 111/40 � (d), 111/50 � (e) and 111/60 � (f)
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Fig.14 Distributions of grain boundary plane for h111i misorientation random high angle grain boundaries, � (n),

plotted in stereographic projection along [001] for specim en DR120 with misorientations of 111/10 � (a),

111/20 � (b), 111/30 � (c), 111/40 � (d), 111/50 � (e) and 111/60 � (f)
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Fig.15 Distributions of grain boundary plane for h110i misorientation random high angle grain boundaries, � (n),

plotted in stereographic projection along [001] for specim en MF120 with misorientations of 110/10 � (a),

110/20 � (b), 110/30 � (c), 110/40 � (d), 110/50 � (e) and 110/60 � (f) (The 110/50 � grain boundaries were

preferred in f 112g, f 113g and f 115g planes, which are marked by arrows 1, 2 and 3 in Fig.15e, respe ctively)
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Fig.16 Distributions of grain boundary plane for h110i misorientation random high angle grain boundaries, � (n),

plotted in stereographic projection along [001] for specim en DR120 with misorientations of 110/10 � (a),

110/20 � (b), 110/30 � (c), 110/40 � (d), 110/50 � (e) and 110/60 � (f)
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