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The Ukrainian Scient i f ic -Reseraeh Institute of Metals, in collaboration with the E. O. Paton Institute 
of Electr ic  Welding of the Academy of Sciences of the Ukrainian SSR, has developed low-carbon steel 183, 
microa l loyed  with niobium, with good weldability [1, 2]. 

The use of steel 183 in place of St3sp reduces  the weight of s t ruc tures  and increases  the strength and 
reliabili ty.  

We investigated the possibi l i ty of using steel 183 with a concentrat ion of sulfur and phosphorus at the 
upper l imit  es tabl ished for steel St3sp (<0.05% S, <0.04% p).  

The chemical  composit ion of the steels  is given in Table 1. 

We investigated steel 183 with 0.030% S and 0.025% P and with 0.055% S and 0.050% P in compar ison 
with steel St3sp with the same chemical  composition. Fe r roa l loys  FeS and FeP were added to increase  
the sulfur and phosphorus concentrat ions.  The steel was rol led to s t r ips  12 x 170 mm in section. 

The mechanical  proper t ies  of the steel were determined after  hot roiling and after  normalizat ion,  
and also after  aging (10% deformation + temper ing at 250~ for  1 h). 

Raising the sulfur and phosphorus concentra t ions  has essent ial ly  no effect on the strength and ductil-  
ity; the reduction in section dec reased  slightly (by 2-6%) and the hardness  of both steels  increased  s o m e -  
what. 

The toughness was determined on longitudinal samples  of type I (GOST 9454-60). The tes ts  showed 
that with increas ing sulfur and phosphorus concentrat ions the toughness at +20~ for s teels  18B and St3sp 

TABLE 1 TABLE 2 

Steel I Composition, % 

Mn ! Sl S P 

0,50 ! 0,32 0,030 0,025 

0,57 1 0,31 0,030 0,025 
18B 

0,53 t 0,34 0,055 0,050 

0,54 l 0,32 0,055 0,050 

0,53 ! 0,32 0,030 0,025 

0,53 . I 0,33 0,0,30 0,025 

St3sp 0,55 I 0,35 o,oss 0,050 
! 

0,54 1 0,33 0,055 0,050 

No__q~te. The carbon content of both steels was 
0.18~ steel 18B also contained 0.05% Nb. 

Condi- 
SteelJ tion 

St3sp 
_ _  hot 
18B rolled 

St3sp nor- 
mal- 

18B ized 

a i ] ap 

kg.m/cm z /~-~0 

4,0/5,0 ] 12,018,5 261/304 

5,0/4,0 I 3,0/2,5 295/362 

6,5/5,3 t 13'5/9'5 236/264 

5'5/6'0 I I1,5]6,5 2701318 

Note: Numerators refer to steel with 0.0300/0 
S and 0.025%P; denominators to steel with 
0~ S and 0~ P. 
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Fig. 1. Toughness as a function of testing temperature 
for steels St3sp (solid lines) and 1813 (dashed lines) after  
hot rolling (a, b) and after  normalization (e, d). o) With 
0.030% S and 0.025% P; O) with 0.055% S and 0.050% P. 

decreases  by 20-35% after hot rolling and normalization, while the ductile--brittle temperature,  determined 
from the point at which scattering of the toughness values begins, shifts to positive temperatures.  The duc- 
t i le - -br i t t le tempera ture  of steel 18B increases by 20-30~ and that of St3sp by 10-20~ in the hot rolled 
condition these temperatures  are -20 and -60 to -70~ respectively, and after  normalization they are -60 
to -70~ for both steels (Fig. 1). 

With increasing sulfur and phosphorus concentrations the percentage of ductile components in the 
fracture of both steels decreases,  while the ductile--brittle temperature,  determined as 40% or less ductile 
components in the fracture,  remains unchanged. 
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Fig. 2. Toughness of hot roiled (m[~) and normalized (e 
O) steels St3sp (solid lines) and 1813 (dashed lines) af ter  
mechanical aging, a, b) 0.030% S and 0.025% P; e, d) 
0.055% S and 0.050% P. @1) 10% deformation; OE]) 10% 
deformation + tempering at 250~ 
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Fig. 3. Sulfide inclusions in s teel  18B with 0.055%Sand 
0 .050%P.  a) • 4800; b) • 

The work of c r a c k  init iation a i and c r ack  propagat ion  ap were  de te rmined  by Gulyaev'  s method [3, 4]. 
Ra is ing  the sulfur  and phosphorus  concent ra t ions  has  the s t ronges t  effect  on the work of c r ack  propagat ion 
(Table 2). 

A study of the suscept ib i l i ty  to mechanica l  aging showed that the s t rength  of the s teel  i n c r e a s e s  a f t e r  
aging, while the ductility d e c r e a s e s .  The y ie ld  s t rength  of both s tee ls  i n c r e a s e s  to a g r e a t e r  extent than 
the u l t imate  s t rength.  The i nc r ea se  in s t rength  is cons iderably  l a r g e r  for  s teel  St3sp than for  18B. B e  
inc rea se  of the y ie ld  s t rength  was 75-85% for  St3sp and 44-54% for  18B in the hot ro i led  condition. In the 
n o r m a l i z e d  condition the i nc rea se  in s t rength  with aging is  somewhat  s m a l l e r .  Rais ing the sulfur  and phos -  
phorus  concent ra t ions  has  a negl igible  effect  on the mechanica l  p r o p e r t i e s  a f t e r  aging. The toughness of 
longitudinal s amp le s  a f t e r  mechanica l  aging d e c r e a s e s  - 25-35% for  hot ro l led  18B and 40-50% for  St3p; 
6.5-11.0% for  n o r m a l i z e d  18B and 27-38% for  St3sp (Fig. 2). 

The duct i le - -br i t t le  t e m p e r a t u r e  a f te r  mechanica l  aging, de te rmined  f r o m  the point at which s c a t t e r -  
ing of the toughness  values  begin, r i s e s  40~ for  hot ro i led  18B and 30-50~ for  St3sp; it is 0~ fSr 18B 
and -30~ for  St3sp. Rais ing  the sul fur  and phosphorus  concentra t ions  has  a cons iderable  effect  on the s u s -  
cept ibi l i ty  to aging (determined f r o m  the duct i le - -br i t t le  t empera tu re )  of s teel  18B in the no rma l i zed  condi-  
tion. With 0.030% S and 0.025% P the duct i le - -br i t t le  t e m p e r a t u r e  a f te r  mechanica l  aging is a lmos t  un-  
changed (down to -60~ the re  is no sca t t e r ing  of the toughness  values ,  which remain  higher  than 6 k g - m  
/em2), while with 0.055% S and 0.050% P it r i s e s  f rom - 7 0  to 0~ 

Meta l lographic  ana lys i s  r evea l ed  sulf ides,  oxides,  and oxysulf ides in 18B and St3sp, the oxides in 
18B being f iner  than in St3sp. Steel 18B is a lso  c h a r a c t e r i z e d  by r o s e - c o l o r e d  inclusions of niobium c a r -  
boni t r ide.  

Fig. 4. F r a c t o g r a p h s  of s teel  18B with 0.030% S and 
0.025% P (a) and with 0.055% S and 0.050% P (b-d). a) 
River ine  pat tern;  b) tongues e longated in the direct ion 
of deformation;  e) t rans i t ion  f r o m  br i t t le  to ductile f r a c -  
ture;  d) " sca l lops . "  
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Elec t ron  m i c r o s c o p i c  examinat ion of pos i t ive  carbon r ep l i ca s  showed that the sulf ides a r e  located 
in the body of f e r r i t e  g ra ins  and a r e  e longated in the rol l ing direct ion (Fig. 3a). With 0.055% S, inclusions 
a r e  s o m e t i m e s  obs e rved  in the boundar ies  of f e r r i t e  g ra ins  or  subgra ins  (Fig. 3b). 

The f e r r i t e  gra in  s ize of s teel  18B a f te r  hot rol l ing was grade  8-9, and grade  9-10 a f t e r  n o r m a l i z a -  
tion, while the grain  s i zes  of s teel  St3sp were  g r ades  7-8 and 8-9 respec t ive ly .  

The m i c r o h a r d n e s s  of f e r r i t e  (Table 2) i n c r e a s e s  by 30-70 units (H20) with inc reas ing  sulfur  and phos -  
phorus  concent ra t ions  in both s tee ls .  This is  evidently due to en r ichment  of f e r r i t e  with phosphorus ,  which 
has  a hardening and embr i t t l ing  effect.  

Impac t  t es t  s am p l e s  were  f r a c t u r e d  a t  -196~ to de te rmine  the c h a r a c t e r  of the f r a c tu r e  ( i n t e r c ry s -  
tall ine or  t r ansc rys t a l l i ne ) .  The f r ac t u r e  of both s t ee l s  in the hot ro l led  and n o r m a l i z e d  conditions was 
mixed in c h a r a c t e r  - in the grain  boundar ies  and through the body of the gra ins .  With increas ing  concen-  
t r a t ions  of sulfur  and phosphorus  the pe rcen tage  of t r an sc ry s t a l l i ne  f r a c tu r e  inc reased ,  which indicates  in-  
c r ea s ing  b r i t t l enes s  of the meta l .  The pe rcen tage  of t r a n s c r y s t a l l i n e  f r a c tu r e  of s t ee l s  St3sp and 18B was 
50 and 80% re spec t ive ly  with 0.030% S and 0.025% P and 60 and 90% respec t ive ly  with 0.055% S and 0.050% 
P. 

F rae tog raph ic  ana lys i s  of both s tee ls  t e s t ed  at --40~ showed sulfide inclusions.  Most f ace t s  a re  
c h a r a c t e r i z e d  by a r i ve r i ne  pa t te rn  branching at gra in  boundar ies ,  with s teep t e r r a c e s  in s teel  18B (Fig. 
4a). White tongues extending in the di rect ion of deformat ion  (Fig. 4b), indicating cons iderable  e m b r i t t l e -  
ment  of the meta l  [5], occur  in s teel  18B with inc reas ing  sulfur  and phosphorus  concentra t ions .  Some 
c leavage  f aces  have sca l lops  (Fig. 4d), which a re  f o r m e d  due to local ex t rac t ion  of meta l  on the sur face  
between the main c leavage face and a twin occur r ing  in the p r o c e s s  of c r ack  propagat ion.  

C O N C L U S I O N S  

1. Inc reas ing  the sulfur  concentra t ion f r o m  0.030 to 0.055% and the phosphorus  concentra t ion f r o m  
0.025 to 0.050% lowers  the toughness  of steel  18B (by 20-35%), lowers  the percen tage  of ductile components  
in the f r a c t u r e  and the work of c r ack  propagat ion,  and r a i s e s  the duct i le - -br i t t le  t rans i t ion  t e m p e r a t u r e  
(by 20-30~ 

2. The embr i t t l ing  ef fec ts  of sulfur  and phosphorus  a r e  probably  due to the inc rease  in the number  
and size of sulfide inclusions,  some of which a r e  located  in the boundar ies  of gra ins  and subgra ins  of f e r -  
r i te ,  and also the i nc rea se  in the b r i t t l enes s  of f e r r i t e  with inc reas ing  phosphorus  concentra t ions .  

3. To prevent  e m b r i t t l e m e n t  of s teel  18B the sulfur  and phosphorus  concent ra t ions  should not exceed 
the l imi t s  es tab l i shed  for  low-al loy s tee ls .  
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