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Experimental Study on Cooling Process during Quenching to Polymer Aqueous Water Solution
of High Temperature Metal Sphere

Mitsuyoshi SHIMAOKA, Kazuo TATSUMI * and Shigeto NAKAMURA

KARFEULFETE (BR) B EEED

The applicability of lumped heat capacity approximation on Inconel 600 (ball type probe) which is installed in
Arimoto’s test system has been discussed. This test system follows Tawara’s concept of evaluation test system for cooling
performance of coolant for thermal process. It has been clarified that there was little difference in temperature between
the center and the surface of the ball in the case of 1000°C-s, " (cooling rate). We obtained some finding by cooling
experiment using Soluble Quench. Firstly, maximum circumferential velocity was existed and it depended on the type of
coolant. Because if the circumferential velocity of the probe exceeded the maximum, then vapor film collapse after the
probe was stopped. This condition deviated from the concept which cool to the same temperature as the coolant during
displacement of the probe. Secondly, cooling curves obtained by this test system showed good repeatability and we
confirmed that black oxide film that was formed on the surface of Inconel 600 ball by repeat of heating was not affected
evaluation of cooling characteristic. Additionally, the maximum cooling rate of Soluble Quench TY-300A linearly
decreased with increase in concentration. We consider that the characteristic temperatures obtained from the cooling curve
by tangent line intersection method equal to vapor film collapse temperature. However, It was not confirmed that the
correlation between the characteristic temperatures and concentration when the concentration of Soluble Quench TY-300A
was lower than 15 vol.%. Also, we found that the characteristic temperatures changed depending on the circumferential
velocity of the probe. The identification of coolant deterioration by this test system was effective for TY-300A in the case
of the characteristic temperatures and DS-N in the case of the temperature between 200 and 300 °C (average cooling rate).
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Fig.2 Time change in the rotational angle of rotating arm.
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Table 1 ~ The chemical component of Nickel-based super alloy
“inconel 600”.
Element Ni Cr Fe Mn Si C

Content wt% | 76.0 | 155 | 8.0 0.5 02 | 0.08

New Black oxide film

Fig.5 Fixed to the embedding of the sheathed K type
thermocouple to inconel 600 small ball.
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Fig.7 Good repeatability on cooling curves of this test system.

3. 2 AFNBMRICRIFTTRI I—KBRDEEKREHE
Fig. 7 TIEAR U ~ — KR DIREDR 72 > TWD P, 7
0 — 7B EEEHE L R o T D, Ve —T iR
FHEEE ST E, RO BRI LT r—7
DEENTHL 72 5, Fig. 812, WA diflc KIF+ TY —
300A DIRERTFMEZRT, KRB AT AT, 7T—A
75 137deg FlIHET 2 L5 1T 5 KO ICHEL TWVWDHDT,
70— 7 OEEEBEEHEE AN 7T0mm s | DA, £ 7.7s
BITIIE 95 Z L1272 D, Fig. 8 125, 30vol.% IRk D
LelE, 7T AAMEIL LB T e — 7 O 400C
BEFTIZLOBETLTELT, £z, 7—AER%ZICm

T
L
T

4 LI I LI I LI I LI I LI I LI I L
800 :
Circumferential velosity

of probe : 70 mm* si1

TTTTTTTTET

600 \¥TY—300A Liquid Temp. : 30 C
5 vol.%

8.7 vol.%

\",

400

Temperature / C

200

<

NN
0 ' s NS N P e e |

2 4 6 8 10 12 14
Time / s

Fig.8 Cooling curves of the inconel 600 ball in TY-300A
solutions.

LI

4
H
LLLll

[



R AR ER DR U~ — KR~ OIRIE SUA R O i AEFE (2 B9 2 SEERAIATSE

HOZEWAEDFRO b, BKENRE L TWD Z &2
5, ThUE, 7u—T NEHEBEIRICRIR L~V E TlRE
FRFESEDEWIFEOa 2T N nb4ns, Lz
NoT, FEOa v bR OO 7 v —7 Al
BEEHE O ENLEIZ D, BRI, T —T B
FIZRIR L~V E TR T2 L 91, 7'rm—TRiEEEE
WA 27mm-s S LI2AE, ARKEERS T o m R
IZREREITROD, BREBEHERENMET L TW5,
BULELGHIF O WG HERE & LT, REABERERE, <L
T A NERESIR OM AR E e ENEEIC /R D DT,
11— 7 [a] i B i i AR D TR BN T A — 2 b
5,

15vol.% LA T O E O CIE, WEIMERIZ T Tl E
DARIFEDRREIZ T DN H2WO T, FRIGEEE (R
TR 7Y A 10ms ORE DR KE) T
L Chie, TNZADREIZIBVT 5 BOMRIERERE
Fig. 9 (\Z/R7 . B 8.7vol.% & 10vol.% Ty H B (23
R RGP, RO EHE ORERFETAM T, B
BEDOR & I KA E RN EROIIN T35 2 &8
bhot, 7a—7EEEEEEEN 70mm-s ' THIE
RO 3580 Bz,

1600 (L TT 161 LI I LB I LILLIL I LILBLIL I LILLIL I UL

C TY—300A

- 1400 = % Liquid Temp. : 30 C
w2 - -
1200 o) -
2 1000 | -
o - Circumferential velosity ]
é 800 |~ of be - ™
3 = probe : 50 mm-s 4
] C ]
g 600~ -
: - -
E T ]
£ 400 § .
= X ]
200 = -

0 :l L1l l L1 L.l l LLl.l. l L1 L.l l Ll L.l l L1 L.l l L1l l:

0 5 10 15 20 25 30 35
Concentration of polymer solution / vol.%

Fig.9 Maximum cooling rates of the inconel 600 probe in the
polymer solution TY-300A.

3. 3 RUT—KBHRDFHEEE

BB HF OB AR Z R T REDO—> & L TR
WRENRD S, NSK2242 Y Ti, BbIEREISRD & LIS
OB 2 FFHERE & LCE Y, Fig. 10177 L 91,
5 IS C DR A L BB OHER B DAZEA C DIR
BERRRERIE L U CRIBT 2 518 (BEASETR) 2 HE L
TW5, MERHETH Y, ANBBRENET L HIET, »
DOFE T, ARREHRENRE & B —ET 5 L BIRLRVE
T—BORMNH DN, ffifERTIETHD, 0B, BZAH
NN DO ZE G TR D - REIRE OB T+
5CUNTH -T2, T DHEMIEEIC L > TROT-FFER
FE DR KA % Fig. 11 2R T, 7'a— 7 [BlA 8 JEH
FEAY S0mm-s ' TIE, JREEA 15vol.% LA FIZH W T, BN
DOEER & ITEHRIREN EH LTS, & ZA0 70 mm-s

9

N LI I LI I LIBLILILI I LI I LI I LI I_
540 — =
520 |- B -
L Characteristic .
© 500 Temperature C =
2 480 | A -
2 I Film boiling .
2 460 = region -
£ N -
5 B ]
= B Forced —
440 = convection\
B region 7]

420 —
400_|||||||||||||||||||||||||||||_

4.0 4.1 42 43 4.4 4.5 4.6
Time / s

Fig.10 Characteristic temperature detection method by the
crossover method using two tangent lines in JIS K 2242.

800 _l LU I LILBLL I LI I LILBLL I LI I LI I LI l_

o : TY—300A
& 700k fa Liquid Temp. : 30 °C
o 600F O 3
El N ]
< - -
g B ]
500 = —
5 ]
2 B Circumferential velosity .
2 400 - of probe -
Q — - =
9 - O 50mm-s E
= B -1 .
‘6“ 300 :_ A 70mm-s _:
200 —l L1l I L1l 1 | I L1 L.l I L1l 1 | I L1 L.l I LLl.Ll.l I L1l l-

0 5 10 15 20 25 30 35

Concentration of polymer solution / vol.%
Fig.11 Characteristic temperatures of polymer solution TY-

300A.

TUTIE, Sommes T R W EREIRE N E L Ro TV DS,
JERTFPEITRRD D, 7' a — 7 (el B 5 5 7853
E, FRHIREIC L o TEKENRAE LT < o TWnH E
DEEZHND, WD 30vol.% TILREMERE IR 2K
TLTWT, 50mm-s ' TIEFHEREDIZ L SERKE W,
70mm-s ' TEHAGE L7 L 9L, Ta—TomHEAINIEL,
T DHMEIL L2 BICERERE L TWD 2 Enb, %f
TN T2 o T2 2 DI HFER L DX 5 2 & pb 7z
MmolbDEEZBND, —7, S0mm-s ' TiE, xHEo
ZHEN T0mm-s ' KV /hEL, Tu—TORHANELD
EEBEZLNDN, T — AOEIEFNI A E L &
PRLBHNZ = bd Y, FEREDIXL SENKE N
STlebDEBEZLND,

3. 4 KYT—KABRSHEEDFIEREN > DHETE
BMLPRIG ANENLE O APERE S HEFF T & TV DR D #
DRSNS, BSLBLOHRIEE, BULBERGL IS LT



10 AR TR RN AR

Fefbdn, VRGN I IENHHFNICIRAT D, £, W
HFNBERBINE, WEIZFREVIKL, KV ~—CK DR
BRECIVITEDOREZMFFCE D, LEN-T,
TRV VLR PERE & HERF 9 2 T2 D IS IR ENTFI O TE B 3T
PINDBN, TOFEHOX A 2 7 E W HIET D HAf
TN X T UL,

T, A EIZR O S5 IR Tl AR OS
fbEZWCE 20 ER~T, EORRE% Fig. 12 1277,
%1%)%1:1: im@@%’(ﬁ)éﬁ‘ 1%ﬂqlﬁr—uibﬁﬁﬂﬁuu
HWRGICEALTEY, ARIZBEIGEY ZEIIHEETHD
2, BRSOV TIE, TY — 300A TEWVLARD 51
5H0D, DS — N TRHIZEAEEWRRD 5T, Bk
IR TIX L2 W S FTRE 7R ¥R & IR B 7o TR IR SMETE T 5
ZENHBMNE RS T,

800 -

[ Svol% Liquid Temp. : 30 “C
&0 / 8.7 Vol.% -

. 78wﬂW:
o 700 = -
$— - -
2 R ]
= - ; 5 vol.% .
(5] - -
g‘ 650 = -
of - ]
o L Circumferential velosity 4
g 600 = of probe : 30 mm'si1 -
g N ]
g T O TY—300A 5&38.7vol.% Unused
5 550 — @ TY—300A 5 &8.7vol.% Used -]

- 0O DS—N 5 & 7.8 vol.% Unused -

T @ DS—N 5 & 7.8 vol.% Used N

500

Fig.12 Characteristic temperatures of unused quenchants and
those of quenchants which had been deteriorated.

£72, 700°C2>5 100°CORT, 100°CHRIETOFEHmA
W AR, REHM &L E i L7z fES, 300 ~
200°CIZB VT 1 ~ 5% FEDE WD, DS — N THRD
Sz, BMLEBHIFIOT Y r— N S LT 5 Z &
LT, SHBOBEE Lz,

4. BhYIc

R OBLEIE A OB HAVEREFMRER S AT LD =2
T PR L TCWAIARORBRL AT ABITS,
IV 600 Bk 71— 7 SRR B B Ll D S PR A BT L
WEVEEE S 1000K s~ ' FREDBA T, BRbLEERmE T
BCOENELD Z &R LT,

IV aTZ VT2 FIZLDBAERNLLUT O &R
B onEroi,

(1) 7u—7REEBEEEENE N E, 7 —T &I
REFENE L TLEY, 7 a—7BEhIcmAIRIEE
HTETHEESED a7 hbiT 5720, HHEHFNC
Ko Tr a— 7 REERBEE W E O A ERATFET S,
(2) ARBRY AT DML > THLNDHHEFROM D K L
BRI R CTH Y, A > %L 600 BROMEDHE VD K LIZ

WFFEACE

#5275 (2016)

L VIR S - A s
FKIEL TV,

(3) YU aZ s xErF TY — 300A ICDONT,
ORI ENEE TR E AR T Do T
TL7,

(4) WENHIARD B HERRAS ZE 1R Ko TR O 7o FRIEIR L1 2
SIEREBREICEEEINDD, YV aTd VT 2T TY —
300A DFEED 15v0l.% LA IV TIE, FRrEiRE &R
DY EMRTFEITRO Do T, £, FrERE LY
m~7“lﬁ]$ﬁ$§§bHLx CEoTEATDHZ ENbrol,
(5) ARFBR T AT LI KD H & B o mHF O 5|
1%, TY — 300A TIXAFMIRE CTRIE TH -722%, DS — N
IZBWNTIE, 300 ~ 200°C T L84 4 H B Calk 51 w] B

HBH T EBbroT,

LV —EREEES B EEE A ER T -2 —, LV
PR BTN AT RERIRE 7 0 — 7 ~O % BICHER Y LA
TEY, BULHEGSHEIF OGBEEED X0 FE TR,
B A B2 B DBLER IS K D BBV PR 228 7o 7 i R o 1 45
IR EMABOBETH D,

BB, AFEE (B) 7TVET v 7 R&E, ARE-K
WZE KR THEENTZI2WT, F2, ERIZEBWTIIAK
A AR R se A, MARER L PR R0 D
Wz, £z, KBFEO %, ik 28 45 B 20
ged FAEHFZE (C) 16K06139 DAl 2%\ CfT-7=, UL
IR L TEEOREERT D,

T HFE M O TN 2 2

e
ELRR A IR

R

SE X

(1) (fRAEEIEN) A ARSI EER TR 2 —:
http://www-it jwes.or,jp/weld_simulator/call jsp(ZHE H -
A28 429 H 18 H).

(2)WE)IRE— B L AM, 7 7 it 7 —,
2006, p.257.

(3)JIS K2242 : BULFLIHAI,

(4)180 9950 :
coolingcharacteristics — Nickel - alloy probe test method,
1995.

(5)ASTM D6200-01 : Standard Test Method for
Determination of Cooling Characteristics of Quench Oils

AARHIS 2, 2012.

Industrial quenching oils -- Determination of

by Cooling Curve Analysis, 2007.

(6)ASTM D6482 : Standard Test Method for Determination
of Cooling Characteristics of Aqueous Polymer Quenchants
by Cooling Curve Analysis with Agitation (Tensi Method)
(2011) .

(7)ASTM D6549 : Standard Test Method for Determination
of Cooling Characteristics of Quenchants by Cooling Curve
Analysis with Agitation (Drayton Unit), 2011.

(8)AATE = BULH B HAN K T 2 /NUR T 01—
[E#5 7 — Aﬁ@ﬂ%ﬁﬁ%/%?A@ﬁﬁ,ﬁ%ﬁ
55 —1, pp.20 —29, 2015.

(9 EWR  BEAMAF O EIGE
1), $ &4, 27, pp. 583 — 599.

(10) FAEJR AR« @BT —F 7 v 7 &GET 3, HLE

B oM (58



EHRARJBER DR U < — KR~ DIRTE A R O 1 ANEFE (BT 5 FHBRAIATIE

1993, p. 138.

(11) http://www.specialmetals.com/assets/documents/alloys/
inconel/inconel-alloy-600.pdf (£ H *pk 28 4F- 10 A 8
H)

(12) B A Y 2 - BB L P E R ET 5 4, L,
1986, p. 40.

11



