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In recent years, the demand for coated sheets with high 

corrosion resistance has increase d significantly. 
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Nippon Steel, with its accurnulated e x p e riences and technologies 

in the field of hot-dip galvanizing a nd electrogalvanizing, has 

developed various tec hnologies to mee t this demand with high 

efficiency. 

(1) Contribuição Técnica ao COLAM para se r apresentada no Seminá 

rio "Laminação de Produtos P l anos e Não-Pl a nos" da Associa

ção Brasileira de Metais - ABM, Se tembr o de 1983, Volta Re

donda - RJ. 

(2) Engenheiro Mecânico - Nippon Stee l Empreendimentos Siderúrg! 

cos Ltda. 
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1. Introduction 

Cold rolled sheets are widely used for its good formability, 

good finishing and cheeper cost. However, cold rolled sheets 

ar~ poor in corrosion resistance and, usually, have to be 

painted for commercial use. 

ln recent years, from the standpoint of efficient usage of 

materials and guarantee of products · to customers, demand for 

corrosion resistance of sheets have become more severe, and 

justa painting of cold rolled sheets with paint is not 

enough to meet the market needs. 

The most popular corrosion resistance steel sheet is the hot

dip galvanizing sheet and, after invention of sendzimir 

process in 1931, many continuous hot-dip galvanizing lines 

have been installed throughout the world and the amount of 

its production has increased significantly. (Fig. 1) 

Hot-dip galvanized sheets have good characteristic of 

corrosion resistance but inferior to formability, weldability 

and good-finishing. Thus, so far, they have been used mainly 

for building materials, such as roofing, siding, etc, for 

pipes and tor rather sirnple containers, such as buckets and 

the like. 

In recent years, however, dueto the rnany innova tions 

introduced in the hot-dip galvanizing technology, Nippon Stee l 

is now able to produce a hot-galvanized steel sheets of high 

quality with the sarne properties as that of cold rolled sheets. 

Electrogalvanized steel sheets, coated by electrolitic action 

on the cold or hot rolled sheet, have many excellent 

properties and have found a wide range of applications amo ng 

home electrical appliances, autornobile, furnitu re, building 

~aterial, etc. The number of lines and volume of its 
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productton have been phcnomenal in recent years (Fig. 2) 

Tl1is paper introduccs some of thc latest hot-dip galvanizing 

and electrogalvanizing techniques, as developed exclusively 

by Nippon Steel. 

2. Hot-dip galvanizing technology 

This chapter introduces the progress made by Nippon Steel 

Corporation in hot-dip galvanized sheet production techniques 

to cape with the demand of high quality products and variety 

of final usage. Nippon Steel's latest hot-dip galvanizing 

line is the No. 4 CGL at Nagoya Work which was put into 

operation in January 1979 (Fig. 3) 

This line operates at v e ry high speed and was constructed by 

Nippon Stcel under an aggressive planto meet the increasing 

demand for higher quality products, such a s good formability, 

flatness and paintability, including one-side galvanized 

sheets. 

This new CGL was also installed especially to reduce the 

production costs significantly and soas not to disrupt the 

surrounding environment. Following points are principle 

characteristics of this new line. 

{1) Employment of vertical furnace (including Non-oxide 

furnace) 

(2) High speed coating 

(3) New equipme nt for high quality products 

(4) Automatic operation anc presctting by computer 

(5) Energy conservation and control of environmental 

pollution. 

Some especific characteristics are explained in detail 

hereunder. 
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2.1 Employrnent of vertical furnace 

With 1ncreases 1n the speed and capacity of equipment, the 

heating capacity of the in-line annealing furnace has had 

to increase, too. However, 1n arder to accompany these 

increases the line with conventional horizontal furnace 

would make the furnace line very long, increasing the 

area of the building and lowering the efficiency of 

operations . In order to overcome this problem, Nippon Steel 

employed Japan's first vertical furnace at Kimitsu No. 3 CGL 

in 1974. Many advantages of vertical furnace are shown in 

Table I. 

Table I. Cotnparison be tween vertical furnace and 
horizontal furnace 
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2.2 Non-oxidizing furnace (NOF) 

The oxidizing furnace based on the Sendizimir method 

removes the rólling oil deposited on the sheet by burning 

it off in air. The drawback of this method is the thickness 

of the oxide film, and it needs to be reduced ata relatively 

high temperature, more than recrystalization temperature. 

Thus the Sendzimir method does not permit the production of 

full hard galvanized sheets. 

In the NOF, gas fuel such asLPG, COG or the like is 

combusted at an àir ration of 0.9 - 0.95 while the furnace 

is maintained at 1000 to 13009C, and the strip is rapidly 

heated up to 450 to 8009C in a non-oxidizing condition. Most 

of the rolling oil on the strip surface evaporates, and 

deposited carbon on the strip surface is removed by reaction 

with H2o and co2 in combustion exhaust gas. 

The strip passes through the furnace in such a short time 

that the oxide film is much thinner than ln the ordinary 

oxidizing furnace, so that it is possible to remove it at 

relatively low temperature. 

In addition to the advantage of allowing production of 

full hard galvanized sheets, the NOF offers a number of 

other advantages in that the strip heating rate can be 

increased for higher productivity and the tt 2 concentration 

in the process that follows the reducing furnace can be 

lowered for better safety, etc. Since its developement, 

the NOF has been used in all newly installed equipments and 

existing Sendzimir-type equipment is also being modified to 

the NOF type not only at Nippon Steel but in Japan. 
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2.3 Fluid wiping process 

During the 1960's, fluid wiping proce ss was developed to 

overcome various disadvantage of the coating roll method. 

The fluid wiping process permits to uniform the coating 

weight and to stabi lize wiping at high speed up to 150 m/min. 

But it wa s necessary to resolve the following problems to 

perform wiping operation at more than 180 m/min. 

(1) Excessive increase of zinc left up with strip from 

Pot. 

(2) Increase of zinc splash by hard wiping 

(3) Increase of noise by hard wiping 

To overcome these problem , NSC ma de improvement in 

galvanizing equipment, such as nozzle profile, etc., and the 

development of technique to prevent vibration of strip 

rizing from zinc bath. (Fig. 4) 

2.4 New equipment for high quality products 

a) High precision sheet pyrometer 

It is not easy to measure accurately the sheet temperature 

in a high-temperature furnace. Nippon Steel has used 

ct sheet pyromcter provided with an antidisturbance 

device for severa! years . (Fig. 5) 

This permits measurement of the sheet temperature 

with high accuracy and high stability if the emissivity (E) 

of the sheet surface is stable and if there exists no 

gaseous body having radiating and absorbing power, such 

as co2 , H20, etc., between the sheet pyrometer and the 

object to be measured. 

At the delivery of the NOF in the CGL, where emissivity 

is unstable, the disturbance-proof sheet pyrometer does 

not permit temperature measurement with sufficient 
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accuracy. 

Thus Nippon Steel developed the TERM sheet pyrometer 

(Temperature and Emissivity by Reflection Measurement) 

that feature the capability of measuring E of the surface 

of a moving sheet and the true temperature simultaneously. 

After installation of TERM, strip temperature is well 

controlled at the delivery of the NOF. (Fig. 6) 

b) In line over-aging furnace (OAF) 

As generally known, since the strip goes through the 

process of rapid heating, short-time annealing and rapid 

cooling in the continuous annealing furnace, the 

mechanical properties of continuous hot-dip galvanized 

sheets becorne harder and the workability becomes poorer 

than that of cold rolled sheet. 

Table II An example of mechanical properties of hot-dip 
galvanized sheets for deep drawing 

Production 
Yield Tensile Fracture Lankford 

Grade point 
2 

strength elonga- value process (kg/tmn ) (kg/tmn2) tlOn(%) <r'> 
For light Coating speed 

27.5 34.8 38 . 6 1. 22 drawing do1o1t1 20% 

For deep Post-anneal 

drawing (270 C X 18 ~ 20.6 32.l 42.2 1.20 
i-2% skin pass 

For extra- Ultra-low car-
bon Ti-added - 14.2 33.0 43.9 1. 78 deep draw- steel C:0.005% 

ing (Ti:0.17.) 

For dee? Coated after 

drawing decarburiz- 20.4 29.3 41.6 1.57 
J~~ at anneal 

For deep In-line over 
drawing aging 

20.4 33.2 41.3 1.52 

Note: Coating is done by the Sendzimir method. 

Erichsen 
value 

{mm) 

9.07 

10. 75 

11.10 

10.68 

10.15 
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It is inevitable to process at low speed and high 

temperature for obtaining drawing quality and to process 

box annealin~ after coated or to use decarburized material 

for obtaining deep drawing quality. But this presents 

problem in terms of production cost and time. To solve 

these problems, Nippon Steel succeeded in developing the 

world's first in-line OAF, where material equivalent to 

the post-annealed ma terial could be obtained by holding 

strip temperature at 3759C for three minutes after coating 

as shown in Table II. Fig. 7 shows the schematic 

arrangement of the No. 4 CGL in-line over-aging furnace. 

e) In-line one-side galvanizing 

For several years, two-side hot-dip galvanized sheet have 

been used in USA for underbody of automobile not easily 

visible from outside, in order to prevent corrosion. 

When anticorrosion code for motor vehicles was put into 

force such as, "Canada Code", it became necessary to 

apply new coated sheet for outer panels. 

For this reason, the demand of one-side galvanized sheets 

~as increased rapidly because they have a galvanized 

surface with a cathodic corrosion preventive capability, 

surfaces that are excellent in external appearance and 

finish after painting and spot weldability which is 

indispensable in the assembly of automobiles. 

Several methods of one-side galvanizing by ho t-dip process 

have been studied, but quite a few were adopte d because of 

its difficulty in comparison with electro-galvanizing 

process. One-side ga lvanizing technique b y hot-dip process 

can be clas s i f ied into the following types. 

(1) Coating on two -s ide first a nd then remove zinc 



frorn one side . 

. 1. Mechanical remova! 

.2. Remova! by electrode reaction 

(2) coating on one-side 

.1. Make contact one side with zinc bath 

.2. Special treatment on non-coating side 
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1Nippon Steel established the one-side galvanizing 

technology by using the grinding rnethod in May, 1976 and 

started production of one-side galvanized sheet in 

February, 1977 (Fig. 8). 

The grinding rnetho d, however, is not totally satisfactory 

in terrns of production cost and efficiency. After 

extensive studies of a number of methods, it has been 

confirmed that the following two methods have a nurnber of 

advantages as substitutes for the grinding rnethod. 

I. u.c.P.* (Universal Coa ting Process) Method (Fi g . 9) 

II. E.M.P. (Electra Magnetic Pump) Method (Fig. 10) 

* Roll Coating Method 

They have been succesfully put into practical operation at 

Nagoya Works and Yawata Works respectively in June, 1981. 

3. Electrogalvanizing technology 

For electrogalvanizing process, cold and hot rolled strip are 

used as raw-rnaterial sheet, thus electrogalvanizing line (EGL) 

is cornpris e d of five s e ctions without annealing section . 

(Fig. 11). The rnost important section is the plating section. 

Zinc plating is an electrode reaction to electrolyze a zinc 

ion-containing solution and, thereby, deposita film of zinc 

on the strip which acts as a cathode. In order to obtain 

good plating and productivity, it is vital to choose a 

suitable plating solution , appropriate electrodes and good 
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conductor rolls, etc. No less crucial are the structural 

quality of the electrolytic cell and its control system. Post

trP.atment is an essential step to strenghten the corrosion 

resistance of the zinc coat itself and to improve the paint 

adhesive property of the galvanized surface. 

In the post-treatment section, the strip is subject to a 

chromic acid treatment, phosphating and oiling according 

to customer's requirement. Nippon Steel installed Japan's 

first electrogalvanizing line and it went on-stream at 

Yawata Works in 1953. Since then, Nippon Steel has 

accumulated large amounts of electrolytic plating technology 

and expertise and succeeded in developing the unique and 

efficient EGL equipment. Fig. 12 shows the general arrangeme nt 

and specification of Kimitsu No. l EGL which was put into 

operation on Fe bruary, 1972. Following points are principle 

characteristics of this new line. 

(1) High speed plating 

(-2) Unconsummable and horizontal plating cell 

(3) Combination of two and one-side coating 

(4) Long life conductor roll 

Some specific characteristics are explaiued in detail 

hereunder. 

3.1 Plating cell 

Until recently, conventional plating cell for EGL was 

consummabl e and vertica l type, the sarne as that of 

electrotinning line. This plating cell has the following 

disadvantages. 

(1) It is impossible to have high-current density because 

of low flow speed of plating solution. 

(2) It is difficult to get uniform coating because of the 



variation of interelectrode (electrode to strip) 

distance 

(3) Anode replacement is necessary 

(4) It is difficult to have one-side coating because of 

overcoating. 
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To overcome these problems, Nippon Steel had developed the 

JET CELL. Later on, this was improved into ACIC (Anode Center 

Injection Cell) which was established in 1982. (Fig. 13) 

It has a unit construction composed of an inner cell, an outer 

cell, conductor rolls and backup rolls. The inner cell 

contains a nonconsumable anode anda plating solution 

injection header. The outer cell serves to collect the 

plating solution and return it to the recirculation tank. 

Upon being injected between the anode and the strip from the 

injection header, the plating solution is diverted into two 

flows, one in the direction of the entry side and the other 

in the direction of the delivery side, both .being subject to 

electrolysis during the flow. Thus, ACIC has the following 

advantages over other system. 

(a) The gas that evolves from electrolysis can easily 

find its way out of the cell. 

(b) This reduces the unit amount of gas that might other

wise "stick" to the electrode surfaces. This -in turn 

decreases the electric resistance of the electrode 

and the plating voltage. 

(e) Where the plating solution is injected from the 

electrode center, the fluid acts to support the strip. 

Hence, the distance between the strip and the anode 

can be decreased. 

(d) This in turn raises the plating solution flow velocity 



- 142 -

.... .... 
QI 
u 

.... 
o 

in the cell; improves the state of zinc ion diffusion, 

and drastically expands tolerances for electric 

currerrt density. 

Operating experience with the Kimitsu No. 1 EGL has confirmed 

that the limiting current density of electrolytic plating 

can be extended to 240 A/dm 2 (at 150 m/min). (Fig. 14) 

ln case of sarne current density, the plating voltage also 

falls resulting in an energy saving of 30 percent (at 100 

A/dm 2 ) relative to the capacity of the Jet Cell. 

Table III compares the merits of the ACIC type, Jet Cell type, 

and the conventional vertical cell type. The superiority of 

the ACIC is evident from the table. 

Table III Comparison between types of plating cells 

Structure 

Vertical plat
in~ ce 11 Jec Cell ACIC 

á' cn ' ffi + -,'::' ;i 8:-r ·······;.;:•B~ a:~ ·s• 

•): ... pY,:-~-~- ~-- . · _r,- ··..:::.1 -~ .·. . . • ... • . , "": .· .. 

r---------;---------t---------+---------l 
:;! Anode Consumable type Nonconsumable type~onconsumable typE 
!;;r----------te-----------t--------------------1 .... Plating 

Solution 

Lim i ting current 
dens1ty 

Ratio of the re
quired number of 
cells 

Conatruction cost 
ratio(including 
civil eng'g cost~ 

Dipping 

35 tmD 

50 A/dm 2 

1. 6 

2.4 

1.0 

Jet flow 
(counter current) 

22 mm 

150 A/dm2 

1.3 

1.6 

0.85 

Jet flow(counter 
current plus 

parallel flow s 

12 tmD 

240 A/dm 2 

1.0 

1.0 

0.75 
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3.2 Long life conductor roll 

Conductor rolls are subject to corrosion by the plating 

solution, mechanical breakage, are flawing on account of 

current flows, zinc deposition on roll surfaces, etc. These 

defects affect the productivity of the EGL and the quality 

of the products. Periodical replacement and regrinding of 

conductor rolls, therefore are indispensable. 

Conventionally, copper or stainless steel was used as the 

material for conductor rolls and it was necessary to replace 

the rolls on a seven to ten-day cycle. At Nippon Steel, this 

problem was solved with Ni-Ci-Mo alloy roll by decreasing 

the surface reactiv ity and by i nc reasing the surface hardness 

of the roll. 

The product cost has dropped and operating efficiency has 

improved markedly . (Table IV) 

Tabl e IV Compari son be tween roll materials and roll life 

~ 
New roll Final Amount of Life Number of Total life 

roll dia . grind ing (exc hang- times of 
to final dia. to be per on e ing pe- g r i nding 

t o final lroll dia. lused time riod) roll dia . 
,__ 
LU conductor 

300 mm~ 285 mm~ Roll 
1.6 Illlll 10. 2 days 9 92 days 

lew conductor 
313 mm~ 285 =4 0 . 8 Illlll 55.4days 35 

1,939 
Roll days 

3.3 One-side coating technology 

The one-side coated steel sheets for automobile is 

attracting increased industrial attention as a rneasure to 

p r event car body rusting. At Nippon Steel, by using the 

Jet Cell and ACIC System, one-side coating operation can be 

carried out easily and effectively by only changing the 
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rectifier on the non-plating side to the plating side and 

by setting the edge masks in proper position. 

The edge mask function to prevent overcoating, which results 

from current concentration on the strip edges. It also 

·serves to prevent zinc from extending to the other side (non

coating side) of the strip. The edge mask now used at Nippon 

Steel is a thin, unique type developed by the company. 

4. Future prospects 

Galvanizing steel sheets have improved remarkably in arder to 

meet the various demands of the market in recent years. 

Hot-dip galvanizing sheets have expanded its application not 

only to building material but also to horne electrical 

appliances and autornobile , by the development of new products, 

such as one-side coating sheet, galvannealed sheet and type 

A/B. 

With electrogalvanizing line, it is easy to produce alloy 

coated sheets and double coated sheets which ensure high 

corrosion resistance with minimum coating weight. These new 

products are, now, under development and some of them have 

already been commercialized. 

In future, a various type s of these new product will be 

developed to meet the everchanging market demand. 
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Capacity 
Product1on Tlnckness 
Spec. W1dth 

Co1l We1ght 
Productlons 

L1ne speed 

Furnace capacity 

L1ne lenght 

24,000 T/H 
0.4 - 1,6 mm 
610 - 1,530 nvn 
Max. 20 ton 
One side 
Galvanneal 
Spangle-free 
Regular span~le 
200 m/min. 
65 t on/ hr 
(at 0.45 x 1,530 mm) 
198.6 m 

1. Pay-off reel (2 Reel1) 
2. -Ray thicknesa gaug~ 
3. Entry loop car 
4. NOF-RTF-SCF-JCF 
5. Ceramic pot 
6. Coating unit Kachine 
7. Galvanneal Furnace 
8. Air Jet cooler 
9. Over-aging Furnace 

10. Water quench Unit 
11. S.P.H. 
12. Tension leveller 
13. Chromic acid treatment unit 
14. Coating weight gauge 
15. Delivery loop car 
16. Mark printer 
17. Strip width gauge 
18. O iler 
19. Tension reel (2 Reel1) 

3 

2 

Fig. 3 - No. 4 CCL at Nagoya Works 
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l. Zinc POt 

2. Al.loy fumace 

3. l J.C. 

4. Sti tcher and Shear 
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6. Seal roll 

7. f\lmace bady 

8. Hearth roll 

9. 3 J.C. 

10. Q.iench tank 

li. Circulating gas heat 
ex~ 

12. Circulating gas blower 

13. Alu'lealing furnac:e 

Fig. 7 Schematic arrangement of the over-aging 

furnace. 
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Fig. 8 Diagram of one-side galvanized sheet 
production by the grinding method 
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Fig. 9 Ibll =~ process one-side galvanizing equipnent 
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Fig. 10 F.quipnent outline of electranagnetic pJITip type 

one-side h:lt dip galvanizing process 
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Entry 
section -/- Pretreat.Dtent 

Delivery · 
-/__.Plating_J__.Post treatment -1- section 

Entry Degre~ Acid Ele c tro- Phosphat Delivery side ------ i--. t-pick-Equip- sing lytic 
ment ling plating 

Fig. 11 Outline of EGL 

5 6 7 8 9 
EEJD DO 

10 

1. Pay-Off Reels 
(2 Reel s) 

2. Narrow Lap-Seam 
1.'elde r 

3. Entry Loop 
4. Tension Leveller 
5. Brush Scrubber 
6. Electrolyt ic 

Cleaning Cell 
7. Water spray 
8. Pickling Cell 
9 . lo/ater Spray 

10. Plating Cells 
(19 Cel 1s) 

11. Phosphating Cells 
12. Water Spray 
13. Ch emical Treat ing 

Cell 
14 . Dryer 
15. Delivery Loop 
16. Oiler 
17. Tension Reels 

(2 Reels) 

Line Speed 

Material Thickness 

Material Width 

ID(entry) 
ID(exit ) 

Coils 
0D(entry) 
OD(exit ) 
Weight (entry) 
\,leight(exit ) 

toating Weight,g/rn2 

Capacity, KA 

Type of Plating Tank 

Type of Anodes 

Ch emi cal Treatment 

Date installed 

,-....-
side ing ~ 

Oil-
equip-
men t 

ing .... 
Chromic -..... acid 
reatment 

j 

150 m/min. max. 

0.4 - l. 6 mm 

1,240 mm max. 

508,610 and 711 mm 
508.610 and 711 mm 

2,820 mm ma x. 
2 000 mm max. 
48,600 kg max. 
20,000 kg max. 

40 

24 O 1 330 

Horizontal(Jet Ce ll ) l ACIC 

Nonconsumable 1 Nonconsurnabl e 

Phosphatizing/Chromatizing 

February 1972 1 March 1982 

Fig. 12 Kimitsu No. 1 EGL equipment 
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Fig. 13 Sectional structure of FCIC 
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