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State Analysis of Chromium in Low Alloy Steel

Synopsis:

Shigeo WAKAMATSU

This work, a part of a general investigation on the state analysis of steel, was carried out to develope a sys—
tematic method for isolation and detemination of chromium compounds in low alloy steel.

1. Isolation of chromium compounds from steel.

(a) The steel sample covered with close—texture filter paper as a diaphragm, connected as an anode, is
dissolved into 120 ml of 1% NaCl-5% EDTA electrolyte (pH 6-7) with a current density of 50 mA/cm? for
1 hr. Remove the anode, and the residue is collected into a beaker by making use of methanol.

(b) To the residue and 50 m!/ of 2%, EDTA solution (pH 5-6), and shake for 1 hr.

0-:01 M. EDTA solution.
2.

Filter and wash with

Determine the chromium in cementite from fﬁlteratc in accordance with section

(c) Transfer a part of the elestrolyte to a beaker and determine chromium as solid solution in accordance

with section 2.

(d) Transfer the paper and residue (paragraph b) to a beaker, add 50 m{ of HNO; (1 to 2) and boil for

10 min.
with section 2.

Filter and wash with water and determine the chromium as Cr,C; from the filtrate in accordance

(e) Transfer the paper and residue (paragraph d) to a beaker, add 50 mi of HGI (1 to 1) and boil for 10
min, Filter and wash with water and determine the chromium as CrN from the filterate in accordance with

section 2.

(f) Determine the chromium as oxides from the residue (paragraph €) in accordance with section 2.

2. Determination of chromium.

Add 10 to 30 m! of HNQ,, 5 m/ of iron solution (0-01 g Fe/m!) (expel electrolyte) and 10 m/ of acid mix—

ture (H,SO, 4, H,PO, 3 and H,0y) to each filterate and residue (section 1.

b, ¢, d, e, and f).

Evaporate to white fumes and then determine chromium with usual colorimetric method by diphenyl

carbazide.

(Received Nov. 22, 1972)
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X-ray diffraction pattern of residue extracted from sample 4 by electrolytic method.
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Table 1. Chemical composition of samples (%).

Sample No. | G | Si ; Mn P S | C | Mo Al N o)
1 03 | 024 0O 81 0:019| 0-025| 1-10 0-21 V 0 023 ; 0-0053 | 0-0081
2 014 0-27 | 095 0°030:! 0°0i6| 0-50 0-45 0-011 | 0-0099 | 0-0070
3 014 0-41 1415 0-018 | 0023 | 0-52 0:028 | 00064 | 0-0120
4 0-68 0-31 1-12 0-018| 0019} 0-80 0-015 | 00122 | 0-0098
5 0-31 0-30 140 0-025 | 0-022 | O-11 0-022 | 0:0078 { 0-0103
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ARECHS. FITEERDFIALD x4 b I
Mn O Z{ti, Al OFL & T —EOFNZRK X,
MPIHFET R EAET TN BN EDTE L,
BLRILERC WL U LEALKETHF LT VWEEID
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Table 2. Separation of cementite from chromium
compounds by 29, EDTA solution

(pH 5°5).
Elements in cementite separat-
Shaking | ed from chromium compounds

Sample time (%)*
No. in)
('min Fe Cr - Mn
30 . 1-78 0-025 0-035
3 ‘ 60 3 1-90 0-027 0-035
90 1-90 0-027 | 0-035
30 4-25 ; 0-017 0-074
5 60 4-25 ; 0-017 0-073
90 495 | 0018 | 0073
i

*  Average of three determination

o> Fe Hip HHEUC MR d T 5 &3 TEX
V. I E R & s AN B
FBEXRDRT 22D dEBMCE LT, Th
5D EDHIENSTH4THEATE RV T TTHIH? I
BWTHD TR TR 2. ZOHE Mn 245t
2 g4 SDYE, TERFHREREY * £ / —~ v THG
THE, 244 MERT 5 Z L ERFRBREFES
T3 Fert, Mn2+ X DfhZ S+ 5 2 EMTE,
IHieZhhb&5E Lcd & ikiEw pH 5~6 [ Fi
L7 EDTA g (29%) COELTHIE, HRAERO 1
a4 NOBEELRNCTBLIELS 2 LRV
L7c. SES ChEFATHZ &L, Cr &%t
YEANBID FHERIOT EEZNIC FHEL S 50T
>, HEFPERfTIR Dk

FlRBR O R, R EES TV LBB LR
HESBITS HERELL, 2hX 9Ty & LAasE
R, 5 1(1)(2)@) XY (6) OigfRic Lichs> T
HL, 6) cHEon/FRE»L Fe, Cr XU Mn
ZER L. 727U, (6) Tl EDTA &z & 58
Fpff % 30~90 min DIEFATE X /. ¥, Fe lxx L
— MEERE, Mn 13 NalO, §{biz X 5BV % v
TER L. ToOFR%E Table 2 iR

Table 224 % X 5 EDTA BEC X 5 ARG
Mn o4, 8t 3, 5 &3 0min P EC—EEER
5%, Cr T Cr EFROEZ VW 3 054, 30min
TR LKEZ R THEMS D b, Fe )[BT RER
DIEMBEH HENBDT, €224 FOFABRTRELT
B IH5>Bbhs XoTSEIEILEM2E X Tl
BR% lbr L3522 & L7z,
INBHDFEEhD C 233 T FesC QOIFIETHET
HLINE M) RX Y C LEEATH Fe il 3 i
1:959,,

C(%) X 3Fe/C=Fe(%) - rrereerereeermeec- (1)
k5 T 4°329% r7cn. Table 2 @ Fe FEHIEIT
EDTA i#FifitiE lhr Y FOIBATYH, B3 B L U5
EHEEEX DIEERSGTVWS. LiL, ZThokFEL
{ Table 2 iR L7 Cr xX X Mn DEEZMITS
&, FEHIEE T 5. £/, Fig. 2ic 12w L
7o & S EDTA ABZOEEFIC>WT X BER 2T
Lol h, BEF»LE A2 24 FOEHREBAISIE
HELTWD Z PRSI, Zhobo®EENS Cr
HEL A 24 bDE VWY, EDTA FHiasgigiis
lhr 2+ 522X b, TOFETEA 24 b TR
T DEEL S B Vw2 B EES.

7e3s, EDTA BT 5 ofthe Cr FJ_iFHDN
EPOZHEENT 2\ Tlx Table 5 iTR3-

6-2 zZE(t¥, Eitiphs Cr,C; O EH

R B2 3R 5 CrnCy @i+ 5 5k
LT, F|RIKEWT HPO(2+1) CREET 5 EhT
EEHERLTWS. L L, 2OHEIRSE0HG D,
AIFTIC T & TR

(1) EfffhEEX b EEHhHERS Cr OF VW EIRER
ERLTWAD, ToEAATHETHL Z L.

(2) mHESOMWAREciE skt kb o
Cr % 37T CrCy B0iE CrpsCs & LT D Cr &5
LD BN, AHROELER 24 M ELES,
COFETRGHRETS 5.

FLTARTIR A 24 "G Licd s 0iE
5, CrN X U8t Cr w{eBE¥, CnC oX
o LM T A AEBRERT A L& L.

— iR 7c B & UCRIEHIE HNO, 52 L3 »
73, ZLiE X CEILISE LA Io WIDEEND 5.
* ZTAHREHTH HNO, M+ 5z &L Lk

FliiEsic X v CnC, OHFEEOEDLIKED S
H, il sXU4 % 51(1), (2), 4, 6) Fx
(7) DfRfEic LichsD> T L, (6) @ EDTA S
BEOF RS L O (7) © HNOy(1+2) HE o iF ik
W51k Fe 33X (° Cr %, %7z, HNO,(1+2) g
DEE» LT Cr %, ThThER LK. &k, HNO,
(14+2) X 2FHEAEE 5~15 min OHFHC—EfE@AS
BHohn/ 0T 10min A L. ZOEER% Table 3
T,

Table 1 iR LARB 1 X4 C E»5 (1) &
FZRWTEHE LA FeeC & LT Fe 811, Xt l Tix
5029 4 Tlx 9°49% THB. Thk Table 3
EDTA BERLEZOFkREHDO Fe, T7ubh, Fe,C &
LTCH Fe B HETos, Al X423 0b0
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Fig. 2. X-ray diffraction pattern of residue extracted from sample 3 by electrolytic
method (. : Fe;C).
a) Before treatment with 295, EDTA solution (pH 5)
b) After treatment with 295 EDTA solution (pH 5)
Table 3. Treatment with HNO,( 1l + 2) for ex- Table 4. Chromium percentage in cementite
trartion of Cr;C; from residue separat- and Cr,C;*.
ed by 29, EDTA solution (%;)*. {
Cr (%) /Fe(%) +Cr(%)} x 100
l;ft(;iazti:)/;EonTA After HNO,(1+2) Sample No :
Sia\Imple ceIr)nentite extraction of Cr,C, Cementite Cr,C,
o- Fein |Crin |Fein [Crin | Crin 1 1-42 654
filtrate | filirate | filtrate | filtrate | residue 4 2-51] 7-14
41} ggg 8?23 (3)32 8{2){233) 88(1)2 * Qalculated from Table 3

* Average of three determination

HLVENRDE B ZoERZF2EhE, EDTA
BHRICE DT X 24 FOSBRBERZELDE ST D
EZbNBR, DEOHERERTHLENRSS.

(1) #UH 4o EDTA Btz oksio X fE
#fixg+— b Fig. 3 &, RUEE D EDTA B AIERT
@ Fig. 1**r 2+ 5 s, Fig. | tHFEDOED LN
% FesC pRIEFHES Fig. 3 TRIZIEELICEELTY
Lozt lL, Cr,Ca** DTt Fig. 1, Fig. 3 L 413
CEAEZE LRIV

* M OIS, EhitR{EEE LT Mo,C S RMEETS .
¥ 1tilL, Fig. | OBSERMHUIIEI IO BE TR 224
HELRTE, CrCy; OXBELEHFBROHIIGEE s30T, 2
% EDTA ¥EHC 10min B#ME L7 0 LOBEIC DLTX BE
refyiaor:.
X BEFD b id CrCy 13 (Cr,Fe);Cy IGRWER TIEET S &
HEEIN 5.

(2) zc@keoic XiuE, 224 Mz Crafy 18
%, CriCs 1x Fe 2§y 50% EBEEHBT 5 L vbh T
5. BRAMCSVWOREHAEZHEDOL LIS B0, F
NOEOEBEEIETFRILAR VDS, 727, 2 %24 bbb
X3 CrCy AT Cr BEWIEAS Z ELIETFHREINS.
WERAIZ Table 3 @ EDTA BHEMEEOF GRS
XU HNO3(1+2) Mo iFkik+to Cr o4 B%%
t#E 35 &, Table 4 TR T & K CroEHRITITAY
DEDOHDZ EREDLND. RUe X 24 FAHE
HElEhizdb ok biE, MED Cr £FRIFUTH
HRERTTHH, 0, MEXERGEO WETHY, Cr
DLHENESIBREALEZA N, HWIESH CrCy 2T %
DONREYRTHHELES.

(3) HNO;(1+2) nBBEOBREICOWT X HBEH
BTl LA, CrCy OEFEIIZTNTIHEE LT
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Fig. 3. X-ray diffraction pattern of residue after treatment with 294 EDTA solution

(pH 5) (Sample 4).

Table 5. Solubility of chromium compounds.

Reagents (inl) Condition CrN | Cr,O,
29,EDTA Shaking for 1hr | In sol. | In sol.
solution 50 | (Room temp.)
(pH 5°5)
HNO,(1+2) 50 | Boiling for 10 min| In sol. | In sol.
HCI(1+1) 50 | Boiling for 10 min | Sol. In sol.

7o

oD ELLHEET S L, EDTABRIT X > THE
LicEBixe s 44 b Chb, CrCy T 3ERET,
Cr,C; X HNO;(1+2) i X>CHHET 5 LPE LTk
FDIFLVENNS B LEES.

S CrN B X UEE L Cr 5 HNO; Z DOfthdd iR
i L, FDXSHRFEFBMETTH, MEDO CrN I X
O Cr03 A WTERMREREZTR 2. ZORER
% Table 5iz5Rk3. Table 52 LTHIEOSK MDA,
CrN, Cr;0; & 3z HNO(1+2) wixfEFEhiawv
EMbhrok. LOFRREEIELIC B0 Cr RKIL
& 22 b, ER{tthosut, &5 WigE{bih LRt o
SHC BT A EWRBERTHS . i, BILMECr0,
TRESELZ LY TRV, LrL, FEBRIAW
Fe BRI Cr REHLY), BEME S T WET,
TNLOEELRERL, TOMRERAET S Z &1,
BOX S TARAFECHD. XO2T—GZOERZFIH
T5HZEE LIz
63 ZE{ks/nAadtB{EPYrOLOFH

Table 5% % X 51z CN & HCI(1+1) FrT&Ed
T LR X VHREBESTHSET DO L, CrO4
BITELAESRE L. Lah2T, L, @\
SOCEMBERILEMEFLWEREZ T T4 O, K
{tmxngELicd e, BEE HCI(1+1) To@Eyhld
z2{bgy Cr LERLY Cr OSEERAIETHS. £ T,
e 2, 3 XU 4D 51(7) » HNO(1+2) ik

Table 6. Separation of CrN from chromium
oxides by HCL(1+1) (%).*

. Cr in filtrate Cr in residue
Sample No (As CGrN) (As chromium oxides)
2 0-004 0°000
3 0-000 0003
4 ) 0-009 0:005

*  Average of three determinations

OERE% (8) OiffEic Lizps>T HCI(1+1) T 10 min
HibIB L, Filh, WiEE PR XUEES» S Cr
TER Ui, %S % Table 6 wiR$. Table 6 7
LOEDI ENFERINB.

stk 2 claE Ao Cr ik HCI(L+1) itk oTRd
SR L, TRCERRPICADTVWS. Thica LE
¥l 3 el Crvx HCI(L+1) t&fged, o e &
LABEEPREDTWSD. DT EFERTHE» ShH
LcEgdghicd, HCl wHfd 53045 & S LRVE
BOBBHTEERTLDTHS. £LT, ThREo%E
DERFIEIND Z LM BHEXT, MERR—WE>
DRk, BB AEER EOERT X W RIS O>TWEETR
LictT5Xbdh, HRORESHEREOWEATHS &
THESHEYROLSIKBEbLRSE. LicsoT, T0H
B3k CrN $E{bH Cr L FRIL&W & R—%D)
&AL, HO(+]) @X>T SHTETHSE VRS
EBS. o buvwxiE, R4 TEESh HC
(1+1) CHFELLESSD Cr ik CGrN L LToxh T
HY, S Loy Cr 3@k Cr L LTo
FNTHD.

L EEHL ETCHETOOTIEBETIINTWERY. 3
moEitd Cr 5 CrOs DX 5 HEHILEETORTF
HTHLLFEALNT, A8 455. Lovl,
BEAL —Briihbh 5 8h 0B bR AEDE
FEHE2 (Ip- 4 & 7 —villeR) KX S8(EW Cr & L
T Cr FREERE, FAEoThz HElict 25,
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Table 7. Comparison of methods for determi-
nation of chromium as chromium oxides.

Table 8. Effect of iron on color reaction of
chromium by diphenyl carbazide.

Method Cr found (%) Cr added| Fe added Absorbance (—Leg T)*
Sample | Sample | Sample (p8) (mg) |Cr+Blank| Blank (A)—(B)
1 3 5 (A) (B)
Recommended method 0:000 | 0-003 | 0-003 30 0 0-220 ’ 0-005 0215
. 5 0-230 0-015 0-215
L-methang, SXITACOn | 0.000 | 0004 | 0-004 -
50 0 0-365 0-005 0-360
5 0-380 0-020 0-360

Table 7 TRTLIH5C AEEDFFEELWENELN
7. TOHEEP LY L, AEEC X B8 EW Cr 55
BEESED HEE L FRBREOREREFH LTV VA
&;@\5-

7. J0LDRHENXETER

DLEREI LT E BB X Difdho Cr 2oehXho
el S Licdb, H 2 5AVWLR TV B REKE
F MDD ETETFOI DL 7 o= AN D R LBR
FHeEET Cr 2EBTHZ 2 &L, 3E JIS &2 1T
LD 523)~(6) ORI EL .

Fotl, © 7 = v BN FBOEBER TR ERIEIR K
i H;PO, EEMEEM» 5 Cr 2 2B 254, Feit
EEHELEVWE Db TWSED, —&ICix Fe3+ 13
T 2= AN FEBELIEDRERE XD L SN,
JIS #20 vz HF %fnx Fed+ OEEZFHIELTWS.
AIRC 9 2 i HME L{HT H1EL 72 BE, EEFRFEE
Cr ORI Fedmg NV DRICEFTHDITH L,
CrN, Eftfy Cr e & D3 Wiz &L A EERMEET, Cr
DB X 2T Fe 0EFECVWHL UL LWERDS.
X o, Fe & ## 7zt Z ATable 8 wRTHRE
BNELRE. ZOFEERES» D Fe ofFHC X 2T Cr Bk
DENE TVIZE LA Dy, ERBRECEZRER S B 720
OB E T ELOMEXE U D EdBbrork.
T, [E¥ Cr Do Fe o FEOLRWHDOH
&1, E¥E Cr i Fe LIZIERED Fe 25 50 1UH
T sz e Lz

* Average of three determinations

i, 4o
Xhichof.

8. HEAFNBERGTSUPILEER

51 XU 52 DIFEIC LicpsDC Table 1 0 55
e 2w, Cr ORES I 2T 2icksiR%z Table 9
iwiid. Table 95O XD EMEEXNS.

(1) ®x2%24 bpo Cr 2IFFEPO C I T
Cr 5 i3dbBA, hoR{bhERktREOERE FE,
EMEER T ERE A IR X 0T, BRI (bR TRT
Lo rFEZLNDH, —EDEMITFRD LD

(2) CrCa izt l X2 0F-M BT, £
DEFEBEDLNRI-DICK L, 783 BUFoIEFERT

PR LEED—DOTHE EES.
(3) CrN 11 N &$HFEALENEL, Al EFE0D

HBHI D 78 W ERICFIE D3 5RO B B

BEENH D X S5 lbhvd
(4) CrN LEftiy Cr OFERWERTE T, HEA

DR % T .

BEOELLZHBVIHEREITEA BT
ZHEETFRERE Y T, oYY

INLDEFRE &

F i, SHEEC DX D LB b .

L& L, ®ae® CrN ok i tFET5 Al XU N
DEERE OFEE, F7, Bk Cr BFanRotho 547
Fik& Dt h» 5, CrN, E{bf Cr & dAEBC R
LIEEEIMCET 20 &0, 131E, SHTmReiTR
bhirdDr#zbh5.

Table 9. Results of state analysis of chromium in low alloy steels (95).*

. Cr as
Sample No grlu?ismi()hd ?Fr'eaSCr) C 8; Ca; Cr as CrN chromium Total

> 3 '3 oxides

1 0-981] 0-063 0-021 0-000 0-000 1-065

2 0-337 0-140 0-033 0-004 0-000 0-514

3 0-500 0-027 0-001 0-000 0-003 0-531

4 0-366 0-138 0-289 0-009 0-005 0-807

5 0-088 0-017 0-001 0-000 0-003 0-109

*  Average of three determinations
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