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Corrosion Resistance of Ultra-high-purity Chromium Sheet

Yoju SHIMIZU
Takashi SAKAKI
Masatoshi KATO

Chromium, a metal with a relatively high melting point and excellent corrosion resistance, is mainly used as an
alloying element for stainless steel and nickel—based alloys. Chromium has a poor workability in itself and is
therefore never sued in elementary state. Recent progress in electrowinning and refining techniques made it possi-
ble to obtain high—purity chromium powder, and unique techniques in metallurgy an now opening up a lot of new
applications for this material. Further developmént in chromium coating methods has led to high —purity sputter-
ing targets for various applications. Title chromium sheet represents a unique combination of different proper-
ties (high strength at elevated temperature, resistance to many chemical reagents, especially to sulfur—containing,
oxidizing or corrosive media at high temperature, as well as appressive slags) and is therefore a promising material
for chemical engineering industry in its broadest sense, e.g., containers and functional parts in chemical plant con-

struction, heat exchanger for sulfur—containing flue gases, protection from V205—containing heavy oil slags, etc.
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Photo. 1 Outward of chromium products
Table 1 chemical analysis of chromium
Element Guaranteed analysis Typical analysis
Cr max. (ug/g) (uglg)
99.7% 99. 9% 99. 96% 99. 7% 99.9% 99.96%

Al 10 10

(& 100 40

Ca 40 20

Cu 5 5

Fe 2500 300 100 2000 150 60
H 5 B

K 5 <5
Mg 5 <5
Mo 200 50

N 50 40

Na 30 10

0] 100 30 80 10
P 5 5

Pb 5 5

S 10 5

Sl 100 80

w 300 100
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Table 2 Corrosion resistance of chromium to various chemical reagents.

Conditions Corrosion rate (mm/year)
. . . Oth
Solution Temp. | Cone. | et/ HIP-Cr | Fe—a0en|  Ni Ti | Ti-Pd | zr er
(°C) | (wt%) material
HNO; B.P. | 40 0.010| 0.015 0.092 0.007
B.P. |65 <0.001 0.004
Fume HNO; 50 0.015| 0.042 0.002 0.012
70 0.023| 0.026 0.002
Aqua regia R.T. <0.001|<0.001 * 0.003
B.P 0.003 * 1.181
NaOH 200 48 0.014 0.18 | 0.015 10.0 0.50
NaOH 200 48 0.643 1. 001 2.0
NaClO; 0.5
NaOH 200 48 0.008| 0.005
Ethylene diamine (EDA) 0.1
Ethylene diamine (EDA) | 180 50 <0.001|<0.001 0.001 0.001
Oxalic acid 100 10 0.012 0.017 9.567 | 7.796 >5
100 50 0.486| 0.330 (Fe-21Cr)
Oxalic acid 100 10 0.018| 6.919 >5
NaCl 3 (Fe—21Cr)
Formic acid 100 90 0.002| 0.008 0.003 | 0.013
Formic acid 100 90 <0.001 0.001 1.285 (>0.001)
Na(Cl 0.5
Formic acid 100 50 <0.001 0.001| (>10) >5
Na(l 3.0 (Fe-21Cr)
HCI R.T. 7.4 0.013| 0.029
R.T. |13 >10 0.778 [0.010
] 50 5 <0.001| <0.001 0.006 |<0.001
H5PO, 110 85 0.147 4.272 | 0.147
(NDb)
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Materials

Weight loss (mg/cne)

Type of
COTT. mor.

High Purity Cr

-
w
=
iy

S50 C
SCM 440
SCM 415

SUH 1
SUH 3
SUH 4
SUH 31
SUH 35
SUH 37

SUH 38

SUS 403
SUS 430
SUS 304

SUS 316

SUS 316L
SUS 3098
SUS 3108
SUS 321
SUS 347

A 286

N 155
S 590

Incoloy 800H

Incoloy 901
Inconel 718
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Inconel 600
Inconel X-750
Inconel 751 (LC)
Nimonic 75
Nimonic 80A
Nimonic 90
Nimonic 95
Nimonic 115

Udimet 500

Hastelloy B
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* Type of corrosion morphology
A ! General Corrosion type,
() Lesser degree

Fig. 1

200 300

B ! Intergranular corrosion type

Comarison of the corrosion resistance of chromium and other corro-

sion-resistant alloys to corrosive slags (85 wt% V405 and 15 wt% NaySOy)

at 900°C
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Table 3 Corrosion resistance of chromium to hot
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gases MRS ST TIPS ol & C i I Py s
: Temperaturc Parabolic P EERET B AN S
Gas TEC/K) rate constant CEERIR, k0% AR
(g2.cm74.s-1)
S0, 1000/1273 2 1071 6. £ & ®
CH, 967/1240 2.2-107% 1) A7 v L & T8I RV BRES T O B (B - it
02 967/1240 2.5-10°1 At BT,
air 967/1240 2.5 10712 FRHICOK SRR TR LIRS, B+ © [N
Ar/NO, 967/1240 7.1-10712 TARY, EIEET A D DL ERE S T3
N 967/1240 5.6-101 RNFECULTE I HIZE LT B,
NH; 967/1240 1.8 - 10-11 2) AMES v AOFERFE L LTI I AL TS 1
Table 4 Physical properties of Cr and the other materials.
yotals Q) (g/em?) (W/m-K 400°C) | (10-9/°C)
Cr bee 1857~1933 7.20 87.3 6.5~8.5
Ni fee 1453 8.72 80.1 13.3
Fe bee/fee 1537 7.87 69.4 11.7
Co fee 1494 8.9 84.8 14~16
Ti hep 1660 4.507 20.4 8.2
Zr hep 1852 6.52 21.6 5.7~6.2
Nb bee 2477 8.57 55. 2 8.9
Ta bee 2985 16.69 57. 8 6.89
Al,O5 hex 2054 3. 965 26. 4 8.0
Zr0y mn 2677 5.85 r=e e
Si0, glass So fteliisr?g({)point 2.15 1.51 0.54
Table. 5 Corrosion resistance of Ultra-high-purity chromium sheet
e, condiiien HNO; f‘;‘;z H,S0, | HCl | NaOH [HCOOH Oa’:gc Xigi . Sulfuraton| Oxidzaton
Cr O O A A O O O O A A
Fe-30Cr A X X X A X A X X X
—Ti O A X X X A X X X X
Ti-0.2 Pd O A A A X A X X X X
Ni X X X A O X X VAN X A
Zr O X A A A O A X X X
Ni alloy (Super alloy) O X A A O A A A O O
" Ta ol ol ol o x ol o X X x

ORecommended, ARecommended with specified parameters, XNot Recommended
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