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Method for the Direct Patented Rod in the Fluidized Bed

Noboru YAMAKOSHI, Tsugio KANEDA, Akio SUZUKI,

Eigi NuNA, Yoshichika YANACI, and Nobuyasu Hartsuoxa

Synopsis:

There has been a strong demand for a process where patenting treatment before drawing is omitted with

a view to rationalizing and improving efficiency of the production of high carbon steel wires.

As a means

to meet the demand, a new process named the Direct Patenting Treatment has recently been developed with

SucCcess.

In this new process, hot rolled wire rods, having been passed through the finishing roll stand, are treated
in the cooling zone followed by the treatment in the fluidized bed filled with zilcon sand. Test on the new
process has been made with high carbon steel wire and wire for cold heading.

The test results and the characteristics of the process are as follows.

1. The variation in the mechanical properties of coil is very little.

2. Particularly with high carbon steel, it is possible to control tensile strength by means of changing the

temperature of fluidized bed.

3. Conventional patenting treatment is not necessary.
4, The processed material has excellent properties concerning pickling, drawing, forming and spheroidiz-
ing. The mechanical properties of the wire drawn by this process are excellent too.
(Received Feb. 15, 1972)
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Fig. i. Transformation diagram for 0'6% carbon steel
wire processed by various rod treatments.
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Fig. 2. Effect of temperature of wire falled into fluidal layer on the coolingTcurve

(069 carbon steel wire).
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Fig. 3. Schematic diagram of the direct patented process in the fluidized bed.
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1972 &% & 8 B 58 & (1972) ®l45
Table 1. Ghemical composition of specimen (wt%).
Specimen 4 C 3 Si ; Mn 1 S ] Cu Ni Cr
Stect A | 006 | 006 0-32 0-014 0-031 003 002 0-04
Steel B ' 0-20 | 0-07 0-85 0-010 0-025 0-05 003 0-04
Sieel C ‘ 0-30 0-09 0-77 0-018 0-022 0-03 0-02 0-04
Steel D \ 0-47 0-29 0-75 0-015 0-018 0-05 0-03 0-05
Steel E 063 0-30 0-49 0-019 0021 0-03 0-02 0-03
Steel! F 0-72 0-26 0-48 0-013 0-014 0-04 0-02 0-04
130 -
120~ * Specimen

Photo 1. A view of the fluidized bed lookmg

toward the laying head.
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Fig. 4. Effect of temperature of fluidal layer on
tensile strength of various carbon steel
wire rod.
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- Fig. 6. Relation between temperature of fluidal
layer and tensile strength of 0°69%, carbon
steel wire rod.
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Fig. 9. Distribution of tensile strength along the length of a coil, carbon steel wire rod
(Steel E) treated in the fluidized bed.
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Top T20 T30:T50

_ Sampling position of a coil

TIOO T200 T400

(Steel E) treated in the fluidized bed. - .

= 50 ==

B8O B70 BgO

Bottom



RENEW AT X 5 Sh[ EAERR M O I BB Ao BE TR

1975

BELIERAZS LDOTWD I ENHDLND.

DX S EERTBBHRARERMRVCZE X WEE
b5, ZHEREEEEICX 2T, BHNcErRIh
A= 2T F A MERRAKG I X2 TRES IS
0 BT BT, L oCRBIBRARED
FEWVW Vb BRSO X < E i d DRSNS L, £
Dicd— 54 NEFEMBLRR T Y, S oEREICKT
T 5DT, MEBEDOFERBEDONIT Y XIPBFELTLHHD
EHBEIND. R CTHBIERABEIMEWVITE X
WEWnoTh, KEEZIREIEBRICLER—F4 D
BV T Y4 b ORI OT R ST TR
HRVDT, KA DIRERDD 2 LREBRYET S
ZETH5.

4-2 NBEMOBN

EHEFEHELBROFZAMNTH S, —HFTFobh Ty
BETZEDIRT 5 1 2 T & 5 WE LR & OB
HAEEE LT, MEMIafTRis s ics LT, HE
B OFIL T4 V2B Thbir 2 THE—T NI Y DL
NWZ LR EBLETHE. BB X HEMEESH
TYHER DML B A LERAA I L X D RE L
ES R SN, ERMBIERE R X DRt
F 4T HBWIRRILAE ERSOFMSE LS &

421 BURRIEE ,
(1) BERFBHOBEWNIME
Fig. 9~10 (im0 fkpl: LT SWRH62A

(Steel E), 5'5mm ummiEo 1 ﬁ:l A Jvéﬁozjg-f;}_’;
SR X 3 X O 0 HOSHRIER T Lic. JIR®E O
L ~OVEE Z OTEIE ORFES BER/ ST 7 4 o TR
BIBGINTF T 4 T E T B 3 X O E O Rk
ED3BHEEBAL. WTHhOBE L VIR WTHIE
HEFEHED '3 kg/ mm? EXF Y FEIEF AL KE
LT3, ¥ iEdvwihd 509 BELEE T
h, BEREDL 2°0% LEELTVD T L5008
bh%. ELIRINGHSbP5B XS, 34 VPNOR
B X BEHAMEE O X DX E Dk B bR, T
A NEERICHIeDOTH—TH5.

% 7= Table 2 [z SWRH62A @ 5 5mm¢ #Hifick
W ORENBIRE R 3 AL Atﬁﬁﬁkﬂﬁ&@kxo
BRNRTF T« T, & DTIBEEEM O RE X,
ﬁbﬁD&W%ﬁt?k~ﬁ@@%ﬂﬁ@wfn%ﬂﬁ
XD T A ANEHE L OR—F v — O NOEB &b Ic
I DAL, ERRVECEWTS /T T
A THED ST SNEB D ELR LRI,

(2) (RREMOBEHIME ,

Twh2®@mﬁﬁ®%@k%b&f%mﬁﬁ®~w

ZWER Lo, DUTFCBAotEE, BAMEAER, REA &
— i EDRER GRS, ' &LTSmdB®2Wm)®55mm¢%ﬁﬁﬁwﬁ%
: R 125°C, 275°C = %#Kﬂmﬁ@EMELKB
Table 2. Variation in the tensile properities of the direct patented 5'5 mm wire rod
air and lead patented rod and conventional hot rolled rod.
Tensile strength (kg/mmi?) Reduction of area’ (95)
Specimen Treatment ~ Standard | ¢ o : ‘Standard | R .
' Co : Mean deviation |, -2ng€ Mean deviation | . -2P8%
: 5 |in a heat : . .1 | in a heat
in a coil o in a coil )
. : (1) 105 13 7 57 -9 7
Direct patented (1) ° 100 13 8 56 1'9 7
- . (m) 94 1-3 10 51 2-0 8
. Steel .E — .
" Lead patented 105 1-1 4 48 2-3 5
Air patented T ' 94 1-2 6 44 2-3 "5
Conventional rolled . 78. 3-5. 17 40 3-3 11
() 555 0:8 6 S 74 1-2° 5
o Direct patented (V) 53 0-8 6 75 1-1 5
. Steel B (M) - 52 075 - 6 75 1:0 5
A ConvennonaerUed 495 18 14 74 1'8 10

*  Standard dev1at10n in a coil : n= 80/c011_ .
#* Treated temperature of fluidal layer ; [: 250°C.
- . : I: 350°C
B: 450°C
V: 30°C
V: 125°C

oL 1: 275°C

-
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Direct potented rod
in the fluidized bed

Conventional
hot rolled rod
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Photo. 2. Comparison of the microstructures of direct
patented rod in the fluidized bed and
conventional hot rolled rod. x400(2/7)
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Photo. 3. Electron microstructures of carbon steel
wire rod (Steel E) processed by the flui-
dized bed direct patenting air and lead
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Table 3. Amount and thickness of scale of the direct patented rod

compared with conventional hot rolled rod.

Direat patented rod in the fluidized bed Conventional hot rolled rod
Specimen Amount Thickness of scale (p) Amount Thickness of scale (g)
of scale of scale
(wt %) - FeO Fe,O, | Fe,O,4 total (wt%%) FeO Fe,O, | Fe,O, total
Steel A 0-24~0-26 S~ 7| 1~2 0 6~ 8 | 0-53~.0-89 9~15| 2~ 4 0~1 | 12~20
Steel C 0:18~0-26 7~ 81 1~2 0 7~ 9 [ 0-55~1-50 | 16~18 | 2~4 0~1 | 20~23
Steel D 0:20~0:25| 8~10| 1 ~2 0 9~11 | 0°50~0-95 | 15~17 | 3~6 | 0~ 1 | 19~22
Steel E 0-18~030 | 5~ 7| 1 ~2 0 6~ 8 | 0°45~0°75 | 13~17 | 3~5 | 0~ 1 | 17~21
WETORREIAF S hThicinx </ 8 — 74 FZERER
KEEMBEL, 72 7-[HESEL R EFELLR
B, BENFLF 4 LT EXCRTF LT 4 LT D °r -
BEO LS CEIRT IR L Rz RICT 50T, T o ol o e 9%
=P A XRFPNELFIT T =74 vBLlERkI* T Sstge‘:wf diometer
—HfRbEVD D LHET 5. = 7F
42:3 BHEFEOR Y — 0 LB £
AT DR 5, BRI ES OMAE 772 B itk g ol
BEEBYRBBCHASNEOT, MHEESHRD g .|
RIBTERARIC S BINR Y — 5Tt T 5 RSB 5
DEERTHNTE N D2 — VRIS, < 4
Table 3\ BB QIR & BH B D2 o — v <
B, BEHEOWTHIHERERT. KB Table 2 3T
7R L7l gk 55 mm ¢ $844 23R, Ao —VEHIE .|
bE1l a4 ¥z 20 &, EX1S0mm Db v by 7
NERWARY — VIREFIZOEERZHIVER L. R I
— VORI X OV X AR T & TR 2 % T ' I . o [
72—V TEIEELT 1000 oYM 0 5 o IS 20 25 30 35
&{Tlsofk. Concentration of sulfuric acid (wt%)
T BORER, MBELEMTERELEMCLE LA Fig. 12. Relation between concentration of sulfuric

—WEW /3BT LIEH AL, TOMED ST

s %
E room temperature . Bot.
— I1B6p Specimen
©- Steel E Bot.
E 5'Smm diameter ]
= 12+ n=2
on
£ Position of a coil
io, st Top Mid. Bot. Top Mid. Bot.
(3} V vV ¥’
[ onn

i

l Direct puvTenred rod Conventional

in the fluidized bed hot rolled rod
Fig. 11. Acid cleaning time required for the des-

caling of direct patented rod in the flui-
dized bed as with conventional hot rolled
rod.

acid and acid cleaning time required for
the descaling of direct patented rod in the
fluidized bed as compared with conven-
tional hot rolled rod.
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4 b (Fey04) BIEHEICHITL, BRBILTVWI 1 X
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[RARr —ihis hiEIND Z EITR 5.
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BIXUCHBST T4 o7 I DI HEE IR D 4T
¥4 20 ERVED, WE/SF T v IMESST T
(U MEREME LT, $5E L LGEETEDE
DO BFFII . BEEY LTy FRIOEG
[l AV CHRBIERZFAR L. LBLDFI1 AR
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5°5—54:'5-354-0—3553:052'57-2"25—1"97— :
TRk 250m/ min (1797 mm'g)
231751485134 —1-2—1-151'0-0°9: . -
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TfTRE O : : .
L EER DR BB M, BT T
HMoweFid 1'2mme¢. vl 'l mm¢ OHBEER
5 REFETE LTI L R TE . K
BEEEEDE 0TI 5 0mm KL 257 mm
¢ TR LT LEWERD EREETH Ok,
C O CHEEIER S 1 lmm ¢ ¥ THERT S 7055,
[REe D SEO BN E L L CSNISRHE L k5 0T,

240 -

> 220 |-
= 200
[3
3
~
2 180
= 8///"/ Specimen
2 * Steel E
< e
§ A/x rod dia.: 55mm
] Temp. of
‘Z’ fluidal layer
fd

350°C _in the fluidized bed]
480°C S

—=— Lead patented rod
— =~ Air patented rod

100°C
230°C Direct patented rod

(%)

Number of forsion Reduction of area

100x dia. (turns)

020 40 60 70 80 90

" Total reduction in.drawing (%):

Fig. 13. Mechanical properties. of wire drawing
processed by direct patenting in the flui-
dized bed comparing with air and lead
patenting (Steel-E).

T 57201 5'5mmeé HHDAEBEDDDERE L
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FUoTF4 L IHERETHY, I HITSERAIMSEH B
QT T 4 ORI S DRI 3 WvTH95%
D1 2mmg¢ LHZFDOPRBICFALTWS. LizhB2T
BA o T & H S EHE IR D {diiitEi DWW CiE R/ S 7
T4 MBI OEG ST T 4 LM ERSED LA
NTHD T ENbrD.
(2) {hithoMmorE

RENB AR 0 4 VRIS EOET 47K
—T, TOFEFMHELTHMBEL. —BOARTED
BELINT T 4 U RRIRS SV A VT
S AAERTL EOTRAALT, TORKETHLELDD
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Table 4. Mechanical properties of 2-5 mm wire after drawing processed by direct
patenting in the fluidezed bed and air and lead patenting.

(5'5mm Rod—drawing—2'5 mm)

Tensile strength Reduction of area Number of torsion
( kg/ mm?) (%) 100 X dia. (turns)
Specimen Treatment of rod
' Standard Standard Standard
Mean deviation Mean deviation Mean deviation
Direct patented* 171 1-3 61 20 42 3-0
Steel E Lead patented 170 1-1 56 2-1 42 3-0
Air patented 158 1'3 52 1-9 40 3-1
Direct patented* 183 1-3 60 2-1 40 2-8
Steel F Lead patented 181 1-2 57 2-1 40 30
Air patented 172 1-4 53 23 40 3-0

* Treated temperature of fluidal layer : 250°C

70} Specimen
Steel F :
- S5’ 5mm Rod-drawing - 2'5mm
t Stress reliving : 350°C, |Smin
£ st ~ >
2
- 8 M —
a o
I
. &% 60}
o
£
2
@ »—
0 [AY A a p>Te 3
» S5 D —
= Tensile Reduction Fatigue &%
& Specimen strength of area  strength 4969
dp (%/mm?) (%) &, (%G /mn?) (%)
@ Direct patented wire 184 57 62 335
50 [{© Lead patented wire 180 55 57 3y
A Air patented wire 173 . 52 35 32 \
10* 10° 1o’
Fatigue life (cycles)
Fig. 14. Fatigue characteristics in the rotary beam

test of hard drawn wine (Steel F) proce-
in the fluidized
bed as compared with processed by air
and lead patenting.

ssed by direct patenting
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HIC X DS MM THE A EELORE. Tk
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TCTEBIZANyF 1722 T Steel A;B,C 35
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TITHERBELTWS Z EHRED L. ’

(2) HRIR{bAFE

MO X T A bR SEA~OITEX LT, B
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Steel A Sieel C
100+ . Diameter . x
80 - ey Height ;oo
-7y g25™ / T
60 - o "
,/}/ //,/
40 = 4 4 KAI
V4 Ve B 44
£ 20 ’ / o~ ,o/’
2_{ - . 2 —— X -
w O+ 0—0/ d Po— A‘fx/
3 [ I T N S | | { | 1 1 { 1 ] 1 1 ]
L
‘o
g Steel D
§ 100 - Specimen :
X | Temp. of
© 80 (fluido! )
60 | layer
O——0 30°C ] Direct patented
40 / x——x | 25°C } rod in the
20}k ~— a~~~a 275%C J fluidized bed
/ ////f’:{A . * Conventional
ol | scl»’ | ] hot rolied rod
I 1 J
45 50 55 60 65 70 75 80
Reduction in height (%)
Fig. 15. Cold headability of wire rod processed by direct patenting in the fluidized bed

compared with conventional hot rolled rod.

Table 5. Mechanical properties of stainless steel (SUS 27 WR) 5'5mm wire
rod processed by direct patenting in the. fluidized bed compared with
conventional hot rolling and water toughening.

Yield strength | Tensile strength | - Reduction of Elongation
Treatment of rod (kg / mm?) (kg/mm?) | area (%) GL=200 (%)
Direct patented rod
(Temp. of layer : 30°C) 30 65 71 45
Conventional hot rolled rod 43 69 69 37
Water toughening
(1050°C, 5min WQ) 26 59 74 57

XF TV 5E 2 EEFR LD, B X2>CieRkikt
MEE LEETLHEERDH DT, TORILRMEEHA
% L7, SRERYE Steel B(0°2094C), Steel C(0°302,C)
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Mo, INEEE % 720°C BT LT, AR
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L7zhs, T2 THRIRIEEER RN UCITEBRBS S B
g (FIJ-FW 1963) iZEMaic L THEFES 2R
HER L. ZOFBR» SRBIFAEMNIVWThOEE
3 AERRERVE 1~2hr T TITiE & A ETL BRIk b
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LTSI LB OEREFIND Z 2B R LT
w5,

% 7= Steel B 5 X "D D EHfE ALELMT & B E EE %
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B L7z 2hic 3O B A il s e EA i
W LZDHIMMEBEOTShTwas Z &, 6K E
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EWHFIEEXHE L, FRIECMATHRKRE* 24 bOK
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Fig.

16. Spherodizing characteristics of wire for fastner processed by direct patenting

in the fluidized bed compared with conventional hot rolled rod.
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