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ln order to produce high quality si~er having low slag volume and to use a large amount 

of pellet feeds containing high iron and low gangue minerais, NKK has cleveloped an advanced 
agglomeration process called HPS process. This process which was constructed by remodeling 

Fukuyama No.5 sintering machine started the commercial operation since November 1988_ 

Productivity and qualities of HPS products improved after starting the operation, due to 

introducing various new technologies. A new éharging equipment gave the suitable segregation 

along the bed height both in size distribution of quasi-particles and distribution of coke breeze 

concentration. This conbibuted to mprove the yiek:I and the productivity. Decreasing SiO:z 

content in HPS products, which was achieved by complete granulation, was effective for high 

PCI operation of blast fumace and also for increasing Fe production of products. Enlarging the 
cqke breeze coating mixer in diameter contributed to increase the productivity more than the 
target value 1.85T/m2/H. As a result of these mprovements, the productivity expanded from 

1.38 T/m2/H at the beginning to 1.88 T/m2/H now. 
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1. lntroduction 
Toe HPS (!:!ybrid ,Eelletized .§inter) 

process, originally developed by NKK, 

can use a large amount of cheap, 

high-quality pellet feeds which are difficult 

to use at the oonventional sintering process. 

lt can also produc:e high quality sinter 

products with high reducibility anel low slag 

volume. Fukuyama No.5 sintering 

machine ( effective suction area : 530m2 
) 

was remodeled t9 the HPS process in 

November 1988. Sinc:e then, to expand the 

production, various rew technological 

improvements have been developed and 
introduced to the process ( Fig.1 ) . 

· 2. Concept and Measures for Attaining High Productivity 

ln HPS process to increase in production under the constant suction oondition, it is 

necessary to take measures shown in Table 1(1)_ The oonc:ept which is the sarne as the ordinary 

sintering process is basically applicable to HPS proc:ess. lmprovement of penneability in sinter 

bed is required to raise the sintering speed. To achieve higher yield, it is important to oompose 

the suitable bed structure to keep heat supply uniformly from top to bottom through the bed. To 

attain this uniformity over the pallet width direction is also important. Though the decrease in 

Siüi content levei does not directly improve the productivity, iron produdlon increases with 
increase in higher iron content in products under the oonstant productivity. Table 1 also shows 

the technological improvernents developed by Fukuyama Works, NKK to attain the high 

productivity of HPS process. The outline and the effect of each improvement are desaibed 
below. 
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Table 1 Concept and measures for increasing HPS productíon. 

Item should kdmologica l 
Purpose be improvecl Measures improvement 

dew l oped by NK)( 

Pre vt:-ntion quas i - parti c l 1.:1 -l lll1)rovement of l 
lnc1·e.::1.se in ~ lmprovement of 1 

from di s integration coo ting mi xer 
s intering penneabi I i ty 

1 Reduc tion o f rnw materiais speed in s inter bed 1-interfe re wi th s intering 
reac t ion 

Produc t i on o f coa ,·se 
s izecl quas i- pan icle 
by addi ng burnt l ime 

Ül'"'<.'reaSP in d1c1rg ing dem.ity 

1 
Hi ghc•1· of s intt, r bed 
produc tion 1 

l111proven1Pnl of 

~ 
En.J1anc ing segn-"gat i on of 

l l11cr ease in 1uppe r layer 's quas i- particle <1 11d coke 
y ie ld yie ld breeze 

Un i fonn s intering Uni form l' ha rging o f raw 
a l ong long itudinal Rlê1teric:d 
and width di rec tion 
o f pa i le t En I a r gcmen t g<1p and [~i t ch o f c ntshe r 
P1·evE:.•nti o11 ugui ns l 

1 )ecreas~ in g;-1p o f conveyer ove1-c n1s l1ing 
connec l 10 11 part . 

lnc rec:t.se in 1 H lÀ.-'c r e.:1st• in s lag 
~ HIJec re<1sP in S iO, contc•nt ~ iJ'e C.otllen( contenL 

3. Development of Segregation 

Charging System 

ü,•vp] opmc•nt of 
segrega t i on 

• charging 
ec,u ipment 

l.ow S iO, 
t'OllLP l'\l 

S inter on-' 

One of the important technology in HPS 
process is how to transport quasi-particles 
granulated by DP ( .Qisc .Eelletizer ) to sintering 
machine without the disintegration. Ordinaiy 
sintering machines adopt generally charging Fi g. 2 Schematic drawing of the 

· system with the surge hopper 
and roll feeder. To keep the 
granulated materiais from the 
disintegration, a new charging 
equipment with reciprocation 
conveyer and wide conveyer, 
which had been adopted in 
pelletizing plant, was introduced. 
Figure 2 shows the schematic 
drawing of the original charging 
equipment in HPS process at 

ori gina l charg ing equipment. 

Fig. 3 Schematic drawing of chargi ng systern after 

intro<luci ng 
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Fig. 4 Comparison of the segi·egat ion 
behaviour before and after introduc ing SSW. 

Wire 

the first operation(2). ln this equipment, as 

the granulated materiais Vvere directly 
charged. to the pallet from slightly inclined 

wide corweyer, no-segregation charging 
occurred. The sedimentary layer in front 
of the cut gate sometimes collapsed 
when the pile exceeds upper limit. Such 

avalanche phenomenon caused 
" irregular scorch ". This phenomenon 
made the yield and lhe productivity 

worse. lt is necessary to avoid the 
avalanche phenomenon and to develop 
the strengthened size-segregation 

charging equipment for attaining the 
higher yield. Evaluation by various 

charging experiments darified that a 
charging system composed of the 
unified wide conveyer and the wire-chute 
having functions as a sieve is suitable for 
avoiding the avalanche phenomenon. lt 
was SSW (§egregation §lit Wire), INhich 
wires Vvere arranged curvedly as shown 

. f:--­
t:i-- .... 

---.,. ..... 
7 .... 

R,o ll e r cha in Motor 

in Fig.3 anel the photograph . . Pa l l et moving direction 

Figure 4 shows the segregation 

behaviour of quasi-particle size and 

concentration of free carbon along the 
sinter bed height. SSW strengthened the 
size segregation of quasi-particles, and 

Fig.5 Schemat i c diagrarn of automatic c l eaner . 

moreover, raised concentration of coke . ~ 
"8 ' le 

breeze at the upper part of the bed. lt ct: 2 
remarkably contributed to increase the 
productive yield. lt was also effective in B 

~% dispersing the quasi-particles. As the ;::: 

'90. 10 '95. 2 
SSW Automati c Cl eane r 

1. 8 [ "v 1. 63 "v • J. 65 _. 
1. 6 1.38 ~. 00---U 

1. 4 -.=:.~~--
). 2 

: f-!!.-~ ... ~7._6 •• 

66 
dispersed particles Vvere sized and 

charged along the bed height, the bulk ~ ~ F 
42

3438 
~ ~ ~ 36. 2 

density of the bed became k:1.Yer anel the 8 ~ ~ t .... • 
permeability increased. By introducing 30 

the SSW, the charging density changed § Q) ~ 30 f 220 

from 198 195T/m3 t 192 188T/ 3 ~ ·= ~ 20 ~ 162 131 . ~ . o . ~ . m . ~"""'e ~ ......,.....,..'<i 
The ™ was composed of the IO .___._,ne 1 1 1 1 '!2' 1 1 1 1 1 1 1 1 

iron wires covered with urethane resinas Fi g. 6 Effect of introducing SSW and automatic cleaner 
the measure for adherent raw materiais. on t he oper ation of HPS process. 
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But it was inpossible to avoid them completely. Quasi-particies were partially blocked in the wire 

gap after passing two hours. To avoid the blocking phenomenon, an automatic cleaner which 
adopted wire sliding method as shown in Fig.5, was designed and installed in July 1995(3). Toe 
blocking phenomenon reduced remarkably by rnoving the cleaner 1 O to 15 minutes interval. 

Figure 6 shows the operation results of HPS after introducing a series of the charging 

equipment The productivity increased from 1.38T/m2/H to 1.65Thn2/H by ins1allation of SS../11 
and the automatic cleaner. Retum fines also decreased from 220kg/T to 130kg/T and the yiek:l 

inproved by about 3%. Moreover coke breeze couk:l also decrease 2.0kg/T. 

4. Production of Low Si02 HPS 

Reducing Siüi oontent in sinter products leads iron production to increase because of 
higher iron content in the products and can reduce the cost of sinter production by cutting down 

the cost of secondary raw material. Since reduction of slag volume in sinter products causes 
detelioration of the strength (TI+ 1 O:I ambler !ndex + 1 O) , yiek:l and ROi (Beduction Qegradation 
!ndex), the SiOi content in the ordinary sinter products has been oontrolled for 5.0-7.0%. Figure 

7 shows the effecl of the SiO2 content on ROi and strength of HPS products. 

However, increase in the amount of PCI (Eulverized Çoal !njection) at the blast fumace in 
recent years tencls to relax the 
value of RDI because the 
retention time of the products at 

500-600 ºC zone in a blast 

fumace becomes shorter. Figure 

8 indicates a summary of the 

. effect of the low SiO2 sinter 
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Fig. 7 Inf luence of SiCP- content on HPS quali ties. 
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Fig. 8 Concept of an effec t of l ow Si Oi s inter on in- fumace condi tion at high PCI oper ation. 
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operation!4>. Using the low SiO2 sinter is an 

effective methcxl for decreasing slag volume 

of blast fumace and improving permeability at 

• Reduction lndex under lhe condition of Japa, lndus1rial 
Sandard. 

lower part of blast fumace. 
Sr Prnd. 
(T/ m' / 11) 

Because the HPS process completes ll,•1urn 
fi1w 

the granulation with DP under blending a (kg/ T) 

large amount of pellet feed and reinforces the sr-siº-' 
diffusion bonding structure during sintering (',) 

process, low SiO2 prcxlucts could be T 1 + 1 o 
(";) 

achieved easify compared with the ordinary 
.!I S-Il i . 

(%) 
sinter. Since intrcxlucing the SSW in 1995, 
the strength and yield of HPS improved and 
the quality was also greatfy improved. As the Hill 

('lo) 
measure for lovvering SiO2 content, .the 

Ili' l'rnd. 
methcxl which decreasing serpentine in the (T/ m'· IJ) 

blending fine was adopted because of the • Fli 

inferior assimilation of the serpentine. (kg s~) 
Figure 9 shows the operation .results of BF-Al ~•- i 

the Fukuyama No.5 sintering machine (HPS (%) 

process) anel No.4 blast fumace in January Ki 

1995 - November 1995<4>_ No.4 blast fumace (-) 

has used HPS produds entirely as 

agglomerated ores in this pericxl. The SiO2 

1 5 ~ 

1:4 ~ 
1.3 .................................................................................................. ......... 

1 3 5 7 9 11 1 3 5 7 9 11 

·95 "96 

content in HPS decreased from 4.8 to 4.2% Fig. 9 Operat io11<1 l r esul t s for producing low 

from October 1995. Although with decreasing SiO.' HPS. 

the SiO2 content, ROi became worse, the strength (Tl+10), the retum fine, and the prcxluctivity 
vvere kept constantfy. Figure 9 indicates that net iron production increased by lowering the Si~ 
content under the constant productivity. 

Reducibility of the prcxlucts (RI) improved by reducing the SiO2 content. Photo 1 shows 

the microstructure of three kinds of sinter products with different SiO2 content, sinter A with high 

SiO2 content was the ordinary sinter, sinter B was the sinter prcxluced by Fukuyama No.4 
sintering machine and sinter C with low Si02 content was HPS produced in January 1995(4>_ 

Neither secondary hematite nor columner calcium ferrite which control reduction gas penetration 

Photo I Mi crostruc t ure of s i nter prnduc t s (Si nter A: Ord ina r y s inter orP. Si O =S. :!-1% 
Si11 ter B:Fukuyama No. 4 s inter ore, Si0:=-1. 84% / Sin ter C: HPS. Si0,=3. 76"ól. 
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due to lhe dense structures are seen by decreasing SiO2 content, and the majority of lhe 
structures are composed of porous hematite, porous calcium ferrite, and micro pores. lt 
contributed lhe high reducibility, high RI. . 

As shown in Fig.9, No.4 blast fumace could continue to maimain conslant operation 
(productivity : 2.0T/m3/0, PCI : 170 kg/T) during these periods(4>_ Though Al:zO:i content in slag 

rase near 15% by lo.Yering slag volume, gas flow characteristic:s in lhe blast fumace tend to 
improve because of improvement of permeability resistance at lower part of blast furnace(Kt). 
This means that decreasing SiD2 content in HPS is very effective for high PCI operation 

5. lncreasing Capacity of HPS Plant 

Wrth increase of a worldwide steel production ,especially direct reduction iron ,since middle 

Equipme nl I t em & Content 

CD Pe ll e ti zer Added di sc pel le ti zer X2 (/>7.5m Xfl0.8111 
(2) Coating mi xer Enlarged coating mixer </>4. 4m X Ll7. 5111-</>5. 5m X L1 5. 0n 

@ Be I t convc-yer lnc reased capac i ty o f bel t conveyer 

S intering 
(i) Sinter pa i let 

Rose s i de-w-a 1 1 620mn---'690nn. 
plant Remode led lowe r parl of ign i tion fumace 

® Measure for env i r·onmcn l 13u i I l a new EP 

Incidental cons truc tion 
Rc~e led control l ing systems, 

13ui l t a new electric source 
Raw 

Buil t new pi l ing corive yer s: 3--«!series mate rial @ Piling linc-
treati ng 
o lant 

(Si nt e r feed) l3u i I t new surge hopper & · ncw a:w 

Fig. 10 (ÃJt line of the increas ing capaci ty cons truction of t he HPS process. 
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of 1990 's pellet price has been rised by shortage of the supply. Since sinter production is 

lower than pig iron production in Fukuyama Works, the ratio of the pellets in blast fumace 

burdens was higher than that of other works in Japan. A further increase in production of the 

sinter was demanded because of the pig iron cost reduction. The increase of production 

capacity of HPS was planned from 1.65T/m2/H (21000 T/0) to 1.85T/m2/H (23500 T/D). The 
construction for increasing capacity was carried out from 1995 to 1997 to meet the demand. The 
items and the contents of the construction are shown in Fig.1 O. 

As for the fine coke coating mixer • the hold-up ratio in the mixer became too high by 

increasing the productivity. This result caused quasi-particles were lifted up in the mixer and 

disintegrated by the collision when falling. To preveni quasi-particles from disintegrating, 

enlarging diameter of the coating mixer was the most prior item in the construction. And as the 
method of increase in production, in order to avoid reducing the yield increasing the pallet speed 

was suppressed as much as possible and the sinter bed thickness was raised. Two unit of DP 

were introduced newly to maintain permeability in the thickened bed. 

For enlarging of the coating mixer, the tests changing the amount of raw material were 

carried out by using the operating coating mixer to investigate the hold-up ratio and the 
disintegration of quasi-particles. Figure 11 shows the results of reducing the mean diameter, the 

disintegration ratio of the quasi-particles, and hold-up ratio at each position in the coating mixer. 

This result indicates that the disintegration ratio of the quasi-particles were greatly improved 

when decreasing hold-up ratio to 7% or less compareci with hold-up ratio 12%. The result also 
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clarffied that decreasing the mean 
diameter was able to be small. 

Tabl e2 Comparision of the new coating mi xer 
specificat ions wi th the fonner's. 

On lhe basis of the tests, the 
secondary mixer of ordinary No.5 

sintering machine having large inner 

volume was replaced as the new 

coating mixer in which the hold-up 

ratio was decided to about 5%. 
Average retention time of the 
quasi-particles in the mixer estimated 

to 1.5min from past investigations. 

Rotating speed _and the inclination 

Trans porting materia l 
we ight (T/ H) 

Length (m) 

Uiamete r (m) 

lncl inat ion a ng le(- ) 

Revo I u Li on (rpm) 

Ho \d up mte(%) 

Re t enti on ti111<' (m in) 

angle was decided from W C. Saeman equation. 

W C. Saeman equation 

T=Lsin8 /rr DNS f=4QT/rr !Ylp 

Fonner New 
mi xer mixe r 

11 00 1350 

16. O 13. 5 
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T : Retention time (min) f : Hold-up ratio (%) p : Bulk density of quasi-particles (T/m3
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Q :Transporting material weight (T/H) 

S : lndination angle (degree) 

D : Diarneter (m) N : Revolution (r.p.m.) 
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Figure 12 shows the disintegration 

behavior of quasi-particies in the c:oating 

mixer before and affer enlarging. The 

disintegration ratio of the new c:oating mixer 

was greatly improved compared with the 

former's. This enlargement contributed to 

improve the produci!"ity greatly by 

decreasing the amount of fine particles. 
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Figure 13 shows that the productivity 

increased satisfactorily and attained the 

planning value 1.85T/m2/H under 

maintaining low SiO2 content level. But the 

strength (Tl+10) and the yield had a 

tendency to reduce because the 
segregation of quasi-particles became ~g 
weak with increasing the amount of 

'97 / 2 1 ncrease i n 
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9613 '97 /3 '9913 '00'3 charging materiais. To enhance the 

segregation, the arrangement of the wires 
Fig. 13 ()perational r esul t s· aftér increas ing 

changed so that radius of curvature should 
increased 00 the lower part. lt leads to production capac i ty of HPS process. 

strengthen the sieving efficiency of quasi-particles. This strengthening recoverd both strength 

(Tl+10) and productive yield. By these modifications the productivity achieved 1.88T/m2/H more 

than the target value. 

6. Conclusion 
HPS plant remodeled by Fukuyama No.5 sintering machine introduced various 

technological improvements developed by NKK. This plant now operates favorably at high 

productivity 1.88 T/m2/H. To attain the productivity 1.88 T/m2/H, main counterrneasures are 

summarized as follows: 

(1) lntroduction of SSVV and automatic cleaner as the new charging equipment gave the 
suitable segregation condition of quasi-particles anel the coke breeze. lt contributed to improve 

the yield and the productivity. 

(2) By decreasing the serpentine, the SiO2 content in HPS could decrease without decrease in 

strength and productivity. Lowering SiO2 content in HPS was effective for high PCI operation of 

blast fumace and also for increasing Fe production in HPS at constant productivity. 

(3) Enlarging the coating mixer prevented the quasi-particles from disintegrating and improved 

the permeability in the sinter bed. This enlargement increased the productivity up to 1.88T/m2/H 
which exceeds target value of 1.85T/m2/H. · 
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