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Studies on Electrolytic Extraction of Carbides in Iron and Steels

Synopsis:

Tsuyoshi MasuMoTO

The polarizing characteristics of synthesized carbides, Fe;C, Cr,G,, CryaC, MG, MG, WC, V,Ci,
Nb,Cy, Mo,G, ZrC, and TiC, were studied by means of potentiostat in order to determine the optimum
condition for the electrolytic extraction of carbides from steels. From the results of polarization curves
and natural electrode potentials of iron and carbides, some useful informations were obtained as to the
electrolyte and the electrolytic potential for extraction. Moreover, the effects of various factors on
polarizing characteristics were considered, that is, of pH and temperature of electrolyte, atmosphere, and

kind, composition and form of carbides.

(Received July 5, 1969)
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#0lmm BEXDOBTAD XH5CFHERTL VIRE

L7z(Table 2). Photo. ! 13~ < LTERR L= &atklE

ORFEABE TH 0, FEIT 0'1~0'3mm EX D H{LD
BRBRL E. £ 7 CSERRLD B o F EEy
Table 21278355, fERDERILMOHEIEEICIZITIE -
— A BRERREOGAIEMN S T RILBMEY &
CWMEER LG, TOREHERLHIK (20x10x 2
mm) ZFEHERERE L7z, Table 2 o> * Flo A Limit &
DHFEC X DR L DT, FesC* 13 ANEERIRIL
BeZsE L L7 0°8% BES, MyuCe* 13 1200°C 25
Be7s = L L7 25% Cr §i, MC* i1 1350°C »HHEA
nic 18-4-1 MEEES» LEBLERECH . BEOL
Table 1. Preparation of metal plates
(20x40x 1 mm).

EDWOEREID MpCe* 13 (Fe, Cr) 33Cs[Cr=20%1,
MC* yx (W,F&,Cr, V);C[W=65%, Cr=25%, V
2%) THoi. itk Fe,C I LiomBBERE
BICX530DIEric, 6'8% REHKREES LIS
ZEBRBET VI UEEAKFTT s BBRL, 0Bk
IR EICBS T Lk vig/.
ZRILWDOFEEL GE-XR-D5 B RY bo A —4
KX DXBERR LR % ASTM 5 — FERELTIT
£ BREOHE, KREKERS LRkt R
HMTHBLENRS DM X0 TEER L DD
BHY, FBLUTFTHNIEERBEE R D E LTHAL
7z. Fidbh MoC it MoC 25 V,C; 1213 V.C 23
Cry3Cs 1T1X Cr7Q3 BLEESINTVS.
22 WERSLUATHE

. HMA L =B — Ao B : L TR S h
Metal Purity of metal Preparation of specimen o e s
as received P TV ORI OB B L Oh B ©, FOHRE
Cr 99-89, Arc-melted in argon gas L0 pH & Table 3 1Ry Jiebbiktiie L TR
and cut off in plate S, AL ME ORI & LCE < AV STy
Mo 99 94 Commercial plate as received N e )
\Y 9959, Arc-melted in argon gas 5 02N XU 05N FEKIFIE, X OE—HEogA
: and cut off in plate W B p L a e A . R ke T
Nb 99-82, Commercial plate as received AURRF S LTy 2 ) — 4 &1 05N i IS
Zr 99-79, Commercial plate as received M, = v X VItBEE D ORI, SBELS o
Ti 99-99, - | Commercial plate as received o )
i P HIFE & LTHSH TV B 2% BEOKISTED 4 BETH
Table 2. Synthetic conditions for formation of simple carbides and hardness of carbides.
Carbide Pre .aration of carbide Hardness
P (MVPN)
Fe,C {Arc—melted in argon after pressing iron powder containing-6'89, . 1450
carbon and then quenched on cupper plate
Fe,C* {Extracted from spheroidized 0°8% carbon steel and formed in _
plate by press - . .
Cr;C; ' {Heated for 5 hr at 1450°C by high frequency furnace after A..- 1500
burying Cr plate in carbon black
C3Ce {Heated for 5 hr at 1350°C by high frequency furnace after 1600
burying Cr plate in carbon black and then surface of plate polished
M, Ce* {Extracted from annealed 0-69,C-259%Cr steel and formed in _
. |plate by press
MC* {Extracted from quenched 18-4-1 type high speed steel and e —
formed in plate by press <
Mo,C {Heated for 3 hr at 1600°C by high frequency furnace after 1650
burying Mo plate in carbon black
wC {Heated for 10 hr at 2000°C by high frequency furnace after >2000
burying W plate in carbon black
VG, {Heated for 3 hr at 1600°C by high frequency furnace after >2000
burying V plate in carbon black
Nb,C; {Heated for 3 hr at 1800°C by high frequency furnace after > 2000
burying Nb plate in carbon black
ZrC -- {Hcated for 3 hr at 1800°C by-high frequency furnace after " >2000
burying Zr plate in carbon black . .
TiC {Heated for 3 hr at 1700°C by high frequency furnace after >2000
burying Ti plate in carbon black : :
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Table 3. Composition and pH of electrqutes used. K% Fig. | iRy . BREEEL LM REEZE

Composition of solution pH ' | —
109, Na-Citrate+1% KBr+0-19,| 8-0 Power - Fotentio
Neutral KI aqueous solution source ;A"‘P"f'a _meter
109% KBr aqueous solution= 60 Z
0-5 N HCI aqueous solution 0-30
0-2 N HCI aqueous solution 0-65
Acid |05 N HCI1+ 109, Na-Citrate 3-8
aqueous solution
29, H3;PO, aqueous solution 1-2

B, —FidEikE UTRER, #ik EESMRLOR
14, Ly, BLMOEE LTELAyHRTYS
Y x Y — SR ) -BRALH ) K, B O
o A, SEECHVBRD 10% Bt ) KIEmKED 2

Specimen ) KCi solution  Soturated
HETHD. COBKOHBBELYRETHIENIVED Pt plate Test. solution calomel electrode
WH & LTo pH O3 R 2 S aic 7. Fig. 1. Schematic diagram of apparatus used for

measurement of- polarization curve.

BF Ly =RAEy MERAVSERITRAERE 0BG

Photo. 1. Microstructures of carbide formed on surface of metal plate.
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Fig. 3. Polarization curves of iron and carbides in 0 2N hydrochloric

acid solutiom. - . .
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Fig. 4. Polarization curves of iron and carbides in 0'5N hydrochloric acid 10% sodium
citrate solution.
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Fig. 5. Polarization curves of iron and carbides in 0°29% pﬁbsphoric acid solution.
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Fig. 6. Polarization curves of iron and ‘carbides in 10% sodium citrate 1% potassium-
bromide-0-12, potassium-iodide solution.

120 - A
/
110 |- /’
100
10% KBr e
o 90
~
%
<~ 80
> 70
2
8 60
€
g 50
2
(&)
a0
30
/|
20’
rd
7
-
’/
L ;. -i-—"'.'/ :
-06 04 02 Q- 08 08
™ Potential {v) (s C.‘E.)

— 58 —



SRBR DRALH O B & 0t 1353

AL EIBE LB EEEL (S- C. E) pEi—
EEICRIND LI ETF v s A —F WX YHEE
WCEEL, JOBEMIC
HBOAN L, ZOHN TERER R E X eT
400 (T 5 LS CBRERES525. I TRAVE
RF v ALy FOWRIIBEESY 0'lmV,
GEEED 10-1~10-14sec,
»5. HIEEEIE 0°05V/min THote.
KRB TH 59, —HERARKOHE S B ok EER
K& L. WiRE 0~30°C @I 2L S #7255, X
ok 15°C oERTH o7, —HEREEELI K
# —1V LIFT 15min ffinV — MBI L7 30 min
S ORFE L THEIE L.

3. R B B B

3.1 ER{tHORER B -

% RACHRE O A EERI RIS 5 5 4 HRgh B 2 815
L7c#iR% Fig. 2~Fig. 7 R34 . NbhEKIE/RE
WX HEUEL — SRR SR X 2 R0, SRR
MEBOKRTH S . JIillEPICEN O RLMA IER
LTAROBLEESBR LY, FEASZEELADTS
AREMEDSE X SN DT, LHEIEBRFCXBRR % T
DT DR EEP DT,

Fig. 2 13 05N FEKIERTORERTH 5. SkixHy
—0'5V 55 Al Fer+ 4 42 & LTIEFHT.
—F&RIMICTHRISIVLEETH D, TOEH
BALEE . RILMD S LER L7z FesClXizh DRk
IR TROALETH Y, #3-03V DL L CiifEs
FLL7tb. sk FeC OO MmEIIARRED D D &
HIRERAED S D (FeCF) L R2R0Rin b, HEDES
DRRLLELRFELZRL TS, ZOZERBOER L
DETED XD, T X D57 FeC OBEI L
fLENT VWAL FRECELEZER L2 i
FET % B bhd. ol FaC i kEFL
V. L7 0 TiER FesC D4 kRih#R 28I T 5 Kic 45
KERBLCHABE2ERL TV, CoSCYETS
VERHHD . WCEELRILIE ViCs 35 XU Mo,C
TH0, 9 03V AL SIBERLIEDS. X512 WC,
Mj3Ce*, CrpsCs, CriCo, MC* DIEICEETHS. —
5 TiG, NbsCs, ZrC ZBMEREMN 1'2V TLEET
5. BERPOERTTRTELBOSHIMBREZ DR
LMD RIG & DHLE D L b5 X 5 K RILmE —fxic
ZDOEBIDVLEETHS..

0-2N 1GE/KIBHRC BT 58 R{LMOERIT Fig. 3
CROGh B X5 Fig. 2 05N o4 & (iFEpl

TR

WY B HBOBROTI 49 218

BRIHNTHSH 24 T

Lot BB e R, BRI BESIE IR RTHh
L. RREBEROBREBEIRLR/NEL L BIEMNHBSS.
T T FeC 4rfphsid 0°5N B4 X D AT
LTk Y, Feo€ OFRHAHICIZIRE OV IEEEE DIF
IVRFRTHHILERLTHS.

Fig. 4 12 0'5N IEEE/KIBRC KB LI OILER % Bh 1k
THIDOEA X U RANE LTy T UBY — £ Emx
B EDR-RTH Y, pH 3§94 ThH 5. Fig. 20k~
THRILMOBEHEMIERELINCBT T L LT
MEEDILT D 55, LRICHEOLKEEIZ LS K
AR

Fig. 513 2% BWE/NKBHEOEEELTY. ZoRKE
LNd X 51T FalC OGS OB BT MBS 5. 7
—0°4~0' 5V BRI FEEAL DR B 525, FhBL
L®%ﬁﬁ@$%ﬁﬁf&té.C@ﬁ%ﬁ%%%%®
BACLEADOLNALD. 1'0V = CTHIE L -#F ot
ﬁﬁ@xmmﬁEHKOkﬁ$ﬁ&w®%@&té$@"
EBEOGEXRET 5 LRTERLO-. OB
WEARC DABEIND Z b, SoHEERIENER
R EN TR L 72b D EFE 2 5N5H, Zosb
R U TS 2Tl v, (I DRIL O i Es AR
KAWL & X TEHBREEN/ NS L K H{HERAINS 5
DHT, KEWROHLEORBIIZE LS .

WICHHEIFED 1 %8 th ) & 0°1% Rikh ) 2 &1
10% 7 = L/ — ¥IKIBIR D&% Fig. 6 iz, 1095
{bh U KiBEOEE%E Fig. 7 Wid. BEiEEC R
TRRALM OSBRI B RO%& L 1384 5. Fig.
6 DY T UEE Y — FKIBHE TR OBHEMIT VS
NHIETL, $kEOEMNEIL D, FFME LT
BT ELDTCEETH D7 NbyCs, TiC, ZrC s
WTH L RRREEE LS. OEREE Fig. 7 0E{L
B Y IKIBHRTHRRICEED BND . RkiEET b &Rk
PR OLEEOHEBREEBHARETERICTH Y,
WIFNHHREIVEETH 5.

3.2 ZFR{LHDBEKBERN

LM E LSV TEELS O —2 L LTHAER
BALAD S . Table 413 15°C O£LiBiHhICE) 30 min
REBFLBAE L7.#B JUERILO B ARSHEN 2
[EDNEICTRY. ZOR»LERIL O LFEILENE 23]
5l & TE D0, TELAKRILMZEBREHSM
AR FIC X D B ZE{LT 50T 30min LT
LESTEETH D HRUERE V. Lics> T ofEir»
5 EBEMNCHALMMONEE T 5 L3 Fa L. L
#Lﬁkﬁéka%mfkkbru#n%ﬁﬁ%u%
EOETHY, FhRALMT T3 FaC BRIETDH

— 59 —



1354 & & @

55 4 (1969) ®El4s

Table 4. Natural electrode potentials (S.C.E.) of iron and various carbides.

. ; - 57 -] Na Citrate-

0'2N HCl 0-5N HCI 29, HyPO, 93N HCI-Na | 10% KBr o Gl

Fe —0'52 | Fe —0-53 Fe —0-55 Fe —0-59 Fe —0°55 | Fe —0-60
FegC  —0'30 | FesGC  —0-42 Fe;C —0-28 Fe C —0-48 - FeC —0-34 | Fe;C —0-49
FeaC* —0'12 | FesC* —0°14 Fe,C* —0-22 FesC*  —0-32 Fe,C* —0-32 | FegC*  —0-28
CroCs —0°03 | Mo,C +0°(8 Mo, C —0-03 Nb,C; —0-23 Vi€ —0-14 | WC —0-28
v,C; +0°01 V,C; +0°10 Cr;C, —-0-03 TiC —0-23 Nb,C; —0-12 | V,Cy —0-26
Mo,C +0'03 | Nb,C; +0'13 Cry3Ce 0-00 V4Cs —009 | WC —0-07 | NbyGC; —-0-25
Nb403 +0-07 Crgacs +015 Nb,C,4 0-00 CI’gCg —-0°08 : Crgacs —0-06 MOQC —0-21
My3Ce* +0°08 MsCe* +0-18 V.G +0-03 wC —004 |, MoC —0'04 CrC, —0-19
CrgC; +0-16 | TiC +0-26 wQC +0-07 Mo,C —-0-03 : TiC +0-01 | TiC —0-12
TiC +0:27 | ZrC +0-30 TiC +0-09 Crg3Cs 0:00 ZrC 4006 | Cro3Cg* —0-03
MgC* 4032 | MC* +0-32 ZrC +0-10 ZrC +0-10 MgC* +0-2¢4 | ZrC 0-00
ZrC +0:36 | CryC, 4042 MgC* +0-26 MgC* 40-18 CryCy; +0°26 | MyCe* +0-10
WC  +043 ] WC  +047 MpCs  +0°29 ¢ MyCe* +0-21 My3Ce* +0-14 | MG +0-24

Table 5. Activated potentials of carbides in various electrolytes.

. 5 0-5N-HClI Na-Citrate

0-2N-HCl 0°5N-HCl 204,-H,PO, Na-Citrate 109 KBr KBr-KI
Fe;C —0'35 —0°35 0°35 —0-35 —0-30 —-0-30
V,C; 016 0-08 012 0-02 0-06 —0-10
Mo,C 010 008 ¢'10 0-08 0-02 008
wWC 0°60 0-52 070 0-28 042 0°00
MeéC* 0-58 0-55 0-82 0-82 0'62 040
M3 Ce* 066 0-50 088 0-82 056 0-52
CryC, 0-72 0-40 0-92 068 055 0:60
Cry3Cs 0-90 0-52 0°92 084 075 0-56
Nb,C,4 >1-2 . >1-2 >12 >12 0:92 0-45
TiC >1-2 >1-2 >12 >1-2 082 0-45
ZrC >1-2 >1-2 >1+2 >1-2 0+90 0-50
Fe —0-52 —0°53 —0°55 —0-59 —0-55 —0-60

2. ErDRICIITIBRCE DD LER DA, EHEMIC
B D A7 PHSE 55 & L7228 > TERL
PETTS. ZORTTLRERRILMC I OTEND
55, TEXWCHRIBILISTHS.
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B LU RILIE Fig. 2~Fig. 7 KR53 X5, &
MEMN T LB DB ETATIERLEDS. o
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DNtz & 538 Ly, T LIS S Rihisns Tig 7o 48
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5 BIEEEMICLER & Uiz, Table 513 2 oiEE{LER
BT ZORID, R VRO TFRAE X 0iE
LB E N &, FRILMOFEMILER T FesC 25
BB, Vils, MoyC, WG 25§z, CryCs, CrasC,
MziCs, MeC @ Cr % &L BLMAERICE L, NbyCy
TiC, ZrC BRI\ &, PHEEDITS 2 EMALER
DBENT LB bhD. '
34 FEHECELEZTRRODE

02N SEERIIEIIC 2\ T S RIS 35 X IE T ikiR O

ZhR%Z 0°~30°C FifE L+ TRIE L 7. Fig. 8
AR OEMALES LB OBRZRT. Faual o
HRIBEDO LR L ELICPRLBAMSETL, REEITK
555, ErORUMTIFLAEZELLEV. L LERK
EERIRO LRI X 0T 5FM3H 5.

4. = =

T~

41 ZFWMPORItHERETILOOBRESH
EBMEMETIRERBOERLEHIEE S AHEE M
DERICEMIZE LR LEZTH IV E VS F)EnH
D, L7ciF o TR I RILIASSEL TV B4, &
BB X W R(LO R ML 5 2BREHIT, B0k
DEER X UCHELT 5 RILWE SO 5 Eghiss HET
E5. VESKPORBE TUCRILMOBHER 2 EM 3
KXW EMC L35, Fig. 9 CRBIS>i EMIEMC
DEEDHEM L EMC L QR CERINERILDD
HBERETBEEELE LTHHT L2 L BTETHS.
—} EM>EMC O8I0 RILMOMBUIRATEET H
5. Table 5 OFRPLAERTHER L A BRILIT W
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i MoeC & CrgCs EMHFLTVD & & 002N
BEKIBE T 0'1~0"9V OO Y B CER
FTHIE CrosCe DHPAHTESD L, —052~+0°1V
O TEET UL Mo:C, CryCo OTE % FIRFIZIE T
XZRFTHE. L LT LiXEHINC TS H
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HhLIAMCRTT2E8F2bN50T, AHR{LME
TERKGMT S ERREEEDbLE. BLAMEDR
b o RER~ v FOEEFIFTE 5.
4.2 BRitHONMMEHMRICREEEZLKETHERT
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Fig. 10. Relationship between the activated voltage
of carbide and the potential of hydrogen
in solution.
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