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Spectrophotometric Determination of Boron, Copper,
and Tantalum in Nickel-Base Alloys
Yukio TOITA, Hitoshi NAGAI, Keiichi SEKINE, and Hiroshi ONISHI
Division of Chemistry, Tokai, JAERI

( Received December 26, 1972 )

In the multi-purpose high-temperature gas-cooled
reactor being developed in JAERI, the employment of high-
temperature alloys is considered. In this development,
there arises the need for analysis of nickel-base alloys.
The procedures, in this connection, of determination of
boron, copper, and tantalum are described.

Boron {over a few ppm) is determined by Hayes and
Metcalfe's curcumin method after separation by methanol
distillation.

Two procedures have then been contrived for copper.
One 1is extraction-photometry of copper diethyldithiocarbamate
with EDTA for masking; down to 0.003 % of copper can be

determined. The other procedure is extraction-photometry

o

of the copper (I)-2,2'-biquinolyl chelate; down to 0.002
can be determined. In the former case, absorbance of the
extract decreases with time, however.

The determination of tantalum (down to 0.004 %) is made
by the extraction-photometry of Methylene Blue fluorotantalate,
Before determination, tantalum is separated by methyl isobutyl

ketone extraction from hydrochloric-hydrofluoric acid solution.
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1. Effect
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of water and nitrate ion on the color

development

Addition B taken(ug) "B found (ng)
H0 0.1ml 0 ' 0.0

H,0 0.1m 1 1.0 1.0, 0.9

H,0 0.05ml 0 0.0 -

H, O 0.0 5m I 1.0 1.0, 1.0

NaNO; 10xmol 0 0.6, 0.5

NaNOy 10 #mol 1.0 1.2,12,1.2,1.2
NaNO;  Tamol ) 0.0

NaNOs  1umol 1.0 1.0. 1.0

Table 2 Determination of boron after methanol

1

distillation

Addition

B taken(ug) B found(gug)

Ni 100mg, Cr 20mg,}

Fe 10mg

0

Ni 100ng, Cr 20mg, 1.0
Fe  10mg }

Ni 100mg, Cr 20mg, 0
Co | 2 ting }

Ni 100mg, Cr 20mg, 1.0
Co 20mg } -

_ Na NO; 1 mmol 0
Na ND3; 1 mmel 1.0
Na NO;  0:1m mol 0
Na NO;  0.1m mol 10

0.1, 0.0
L0 1.0°,:1.0, 1.0
0.1

© 1.0, 1.0
0.3
1.0, 1.0

0.1, 0.2, 0.1
1.0, 1.0, 1.0
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JAERI-M 3094
Table 3 Analytical resul ts (cnrnuwdn method)
_Sample B fonnd{ppm) o Av.
" NBS 349" 42,42,42,44,42,41 f22
Common sample A 9.6 , 8.8 9.2
Commnon sample B 25,25 ' 25
No.1 75,66,64 58
N2 33,32,33 33
N3 | 125,109,122 119
“No.d 65,56 61
No.5 48,49,46 48
No. 6 <1,<1 <1
No.7 14,13 14
No, 8 7.1, 6.8 7.0
No9 4,5°, 8 4

a NBS value : 46ppm
L A known amount of B was added to the sample and it Wi s

subtracted from the value found.
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P HAMEMBEC ENT =y s v EA4TFOROCERERL LTZOFEMMEH I TH
He LALHEOTHES001% BTOHBIE D, =v a2 o akGeaHERSE Uz

FTOEFIEHTEA V. 20Ty erarh FO =2 v THWEEDTA OfF b L PEEE
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2.2 BRESLCHH
221 H

EE R, e, K10%eTEE .

7z B 20%)

EDTA=2 b ) v 2 H&H (5%)

Na DDC B vxFu o Fdprs3 v8r b ) va0ly #X100m UCERL 2.
COBEBEITERO D EERL A,

HIEE R MEA10500g%k & —WikAn b, M (1+1)20mlEs L ONEREE( 1+ 1
)1mmﬂm2,m&ﬁ%b,m%ﬁm%“ﬁﬁﬁﬁuW@m,ﬁfﬁ%%ll%??%io
HHETEBL THEEART T Hk.

2.2.2 # B

A 139 BamEES, 1 anta

2.3 SFEHE |
R EEEERECHL Table 4 CRHDOT e — 7 —CiEn D & b, BEELTEbn, BH
15ml%ing, EBEET L. BEFEZsm ] 2z, s AL THEZSEOAET R
S B BHHE, KEAML, SHERRTEREL, KTEHSICI00mI ST D5,
(HEHERH0.003-001% OBAEET100m 1T THFR, LEOKTHRBICHT. )

QBB Table 4 CHEDTHERNCE b, 7= RIBEL 0m IR A, B, #7
e=T7K 10mIEMA pH # SLLETLAZOLEDTA Eid (5% )% Table 4 [CHDTH A,
BEDH. Ne DDOEIE 1 0m 1AM %, B4, WEEE200mlEdmse, 3AMEL BED.
P L EBAT TR L TA L, ATk b, PR B E S TS 4 30 nmd
WokEE AR | |

MERT DDA 20E0,10,20,30,40,50ug OA»FHELTEDL, T,
b BRI B * |
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2.4 HEHBPXCGER |
9 4.1 EDTA OffnEoL%

EDTA(5%) 10ml & LU 25miEMA, WORESE wmuhc%@%%aﬁ%ﬁ@@
—D b QLN D, BABEOREL L BICEDT A s, BDTA DM HICHE
TR E B FOROBIBEOHE i’nﬁmﬁ/?m%@ﬁ’f’?‘i*c L. TS VN
70mg, 75 420mg, $10mg #ﬁ&?%%nﬂﬁﬁﬁmﬁtM$ﬁ®ﬁ HOMER
fo bl s A L, WEROQELED B o,m
2.4.2 REECER

FHEEMEeOEBREA, BOX s, BDTA v (5% OO 1 0m iT LT
DwBERTAEODAERT Fig. b Km?omiﬂ&%4mmgi’%ﬁ ﬁ@ﬁ%TL,ED
TABHE(5%)1 Oml’r’*(ft-zx#/fﬁafméuéec&éﬂ“, g B, RICHMEEF A, B
No 217 DACEAOEE BEDTA ORAEAAEEE L L. #OFEEH Table 5 [CRT. 1
FnoBed, A8 40mg ﬁfibﬂh&@ﬁ(Sﬁﬂﬂml%,10%@&?@?3@%
mMi AT ET L b O P L B RS bR A N 2 BRI B D TREL, ik, @
@e%«ﬁﬁ<,?@ﬁﬁﬁ&@mﬁT&@ﬁm%mf DR x»fsug®mrooszm
BAEEFRL 2. ' '

L b @ #iEt R B O éit;&ammﬁm 2. BDTA @&t Table 4 O 9ICHR
B '

2.4.3 AT H
ﬁﬁﬁEK%OT,ﬁﬁ%ﬂﬁbﬁ%%%Twutamﬁfuc@%%ﬂ,E#/U»%%
B HEEC LB AR (Table 7)E Lih—&ERL TN b

2.5 W& W
_/¢»gA§¢®omw%g¢@ﬁ&£-Ta%ﬂx@ﬁbkoiﬁ%a@,ﬁ&@&m
THEEL, rﬁ’l,m—nﬁgii%ﬁﬂi, ﬁfm?m@lﬁl@ﬁ\ﬁéﬁ hiE L s ?I/m%ﬁﬂﬁ_wﬂ)‘t; -
ve=7kCcpH #8H ELL, EDTA B D HRER, v F N T A )
%FU¢A(MIMO)%MK,mmﬁwiT%ﬁb,&ﬁg%mELm;~-

X B | o
1) = pa s aEed 1S BITHERIAE



Table 4 Hecompended

JALRI-M 50094
sample size and amount of EDTA

solution { 3%)

Cu content Sample wéight ' Aligroet Y Whole séln?.S%EDTJ‘s. soln,
(%) {g) (il ) (ml) o (m1)
<0.2 0.2 10 7 100 i0

0.01 — 0.2 0.2 20 7 100 10

_ Whole soln.
0.003—-0.01 0.1 {ahont 5ml) 25
Table 5 Hffect of sample size and smeunt of EDTA
. ~an the determination of copper
Sample taken S5ZEDTA soln, B found (%)
. (mg ) c(mi) : CAv,
_ _ i 20 10 . 6.023, 0023 0,023
0 ' ' . _
cumplo A J 40 10 0.626, 0025 0.026
{1‘00- _25_ 0.026, 0026 0.026
2 U 110 2033, 06032 0033
.
Samp le B 49 i0 0.035, 0032 6.035
100 23 0,036, _0.635__ . _0.(}36
[ 24 106 0.603s,0003¢ 0.003¢
No. 2 40 10 GO0C40, 0004 4 0.004¢2
110(} 25 0.0938, 00037 0.003s
__".[‘a‘ble_ 6§ Analytieal resvlts (Na‘l_jDG m_etrhod)
k Samp le Cu found. (%) . Av,
Clommnon sample A_mm 'O.UE-G, 0.025 . 3,026
Common sample B 6.032, 0032 0.033
No, 1 0.094, 0.0¢g5 B.0g5
N, 2 00038, 0003 000635
No. 3 0637, 0036 - 0.037
No. 4 0.097, 0.10 ' 0.03¢9
NBS 349 . . - .
\PV?HSP{LIOX o 0005“—‘ » 0.006 0 1 D006 0,005 s
NBS1204

0.12s, .12 0.1 25

Ineco 713Pb

a NBS value : 0006%. Sec Table 7, footnote.for the composition
of Lthis sample.
h NBS valuwe : 012%. Sce Table 7, footnote,for the vompositfion

nf this sample.
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5.1 EAMNE

ASTM TH=vrarzaoafd, =vridnafibe&T0 000 5~0.2% OWOREIT
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5.2 EHEHKU
3.2.1 H %
WE D FEIRY L EERL K 1OBEETEHERLDO R HA
BEGEW OB 1 0 g% K 100mlCBELE.

ﬁ%tvu$v»75y@ﬁ e Pexva7rs

i

"

Y10 g HAKIQOOMITER LA,
2,2’—5‘#/0»%‘5‘(&:2,2’—&#—/')»01 g A YT IATAT =2 200mITHE
WL 77 _

IR S (W 99.9% LE) 0100g%d A i M (14+2)10m I'Cbﬂ’f?i‘-ér%

Lﬁ@%,ﬁﬁ%M%bfﬁﬁﬁﬁ%%fb,”W@I]@fﬂ??XHW%LAﬂ,ﬁT@
METOTHEBEE Lz CORBRTPIOWMEB(1+100) TIEL (1 04K S o7 i

ﬂ@%&bﬁyEQ@ﬁlmllewv@M$Aﬁ ~ A

322 # {# y

pH ORI B2 HHBHME Y 5 ABI_pH £ — 2 —%HFH L, BHICE 14 7 28KM
ATy —F~THnk. BREOHETHEAT 13 OBAFRES, lem «a g fHing,

5.3 SwmAE

Ml ghe—n—(100ml) CHAD &b, E#20mlE ML FsY b Fv— 1 THEk
@%T%a: DE#ER S50m1IAR 7 52 a2 C8BL, KTHESE THFRT L, DECHOL H %
BROMHCHETELL OCHRL, c—r—CB T, COBEICHESSAER5ml , Hge
FD#V»TSV@ﬁSmI%Wi,£<#%§@ﬁ@% 77%:7K%%WTPH%5~'
6WpH 2 — 4~ THETAH, COBEDY 100mISHEELTHE L, KEMs THEES550
ml [C#dh, 2,2 —ex /Y vEE10mieNE, W2 EEYEEL, 85 0B, X
MEET, ARMHEFELEFCHD, HooH3000rpe THLDEST L. COBERO—I%
HESTORR e~ CTHD, BEES545 nmT QURAEELTET b,

MEHED (HICES~70ng DMLY= 2 —CHY, FHBELTORETCHES,

o

3.4 HEBIUCER |
JBDDFHIKIT L AREBH b RidA = R EHIL 680 00Tl & 1 { —% LT

b
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e r ) v s AT ETH A=y, B 7R .&m.@ﬁ%i@%ﬁf.a’ﬁi’{é-fib.ﬁjjﬂ;%%ﬁ%?fﬁOf?lo 3
pbb4vaaaT13 A00mg K820k REMLTHAEERLACTD2LE, 205,
2&0#%2&H@&%5@ﬂ@%ﬁﬁcC@ﬁVﬁ%»?ISK@:V¢W73% # 0.1
G, v uald® ﬁ;ﬁiﬂgﬁsﬂﬁ%@ﬂﬁm%G;J‘CJEE~?D??L250 |

3 3OMTHELCED T DOPDERT S ﬁbﬁuﬁbﬂﬁﬁ%%Tmux7Wﬁ?oN
S B RN ATE £ DA, CROOAEICSENLTRIMOEEEWEL LN
Lo e B SCREAA, FGREEE L N 1, N, 2, N, 3EA TR A XT50, No. 6kt A
v A AME00 Thihs ' '

SRS E0.00 2%0 F,;*;ﬂ@ 8e, 4 O‘Ofng@;%fiﬁfﬁﬂﬁg pp CHSML, CORAED 009 T

& B

35 &

;y&»%ﬁ%@@OﬂO%ﬂl%@Jz%@ Al FEwEREL .

SRR —n -l D L, BROESRL, MR, K1DT B L, BEREL
e Maxyn T S yEML, 7¥EsTHRTPH o GICHE L D, B2, 2 —
Y wm 42T S TR E = A ER TR L, FRAOREEE 545 anTHEL A

(1o72585 BAATIEES2 IESTRR)

1) ASTM E38(19740 Annual Book of ASTM Standards,Part 32,p.229).

2) H.Diehl, (+.F.Snith,The Copper Heagents . (Juproiue,Neneu_pr-oine,

. Ba‘fhocupruine,The G.Frederick Snith Chemical Company,1 958 .
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Table 7 Determination of copper with 2,2 -—hiquinolyl in

nickef=hase alloye

Sample Cu present (%) Cu found (%)
Av,
NBS 1204 012, 012, :
ST 0.12 : 012
Ince 7137 0.r2, 012
NBS 349 : 0.0054,0005¢2, _
| N 0.006 0.005
.\-\'_‘r:?.t:;_‘pa]_,ny) 0.0C59,00050¢
" . 0025, 0025,
Common sample A 0,026 0.0235
0.025, 0025 -
Common sample B 0.034° 0.033, 0034 0.034
0.0¢0,
No. 1 0.097°¢ - 0.093
. 0.066 :
o . _ , o 0.0025,
No. 2 SR 00032° o 000286
. 0.0027
, . 0.033,
No, 3 - 0.036°¢ 0.034
0.035
0.099,
No, 6 0.101° 0.099

0.0 98

‘& 'NBSL204 contains ‘Mn,041% 5 Si,056 5 Ni,706 ;. Fe,(31) ; Cr,1275 :
Mo, 428 7 W,i0028 13 AL, 560 ; Ti,063 ; Nh,L31 ;" iTa,046 ; Zr,012%,

b NBS349 contains Mn,043% ; 8i,029 ; ¥i,5715 ; Co0,1395 ; Ye,013
Cr,1950 ; Mo,4.04 ; Al,123 ; Ti,305 ; Zr,0001 : B,00046%.

¢ Mean value obtained at the Sub-¢ommittee on Renctor Materials,

JAERT.
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4 B v e oREIE

4.1 FAHNE
%%%ﬁé%ﬁﬂfvrfw—%%m%ﬁyﬂw@ﬁ%ﬁ%%%ﬁ%bﬁ”g%@hw%?
LA Tb R AT h a4y Tras by (MIBK) THED DEEE sy AT A F LY
To—KEELLVERELL. D Fikh ey s A BEesthO £ & A QERITIEML, 0004
B kD sy A FERTHLE BT E R,

4.2 BEBIUERA

4.2.1 #H HE

aa AR Ay 2n( Johnson Mattheydl) 0.100gEASI LI LY,
Broml , 7 v LAKER Iml BN EHRE, Bk 3nl AL FEA AT TIHRL . A
ﬂ%,73WbK%@(5%)5mi%bmb By T Lyl ar s lBL, KTERI
100mlé& BB LTHLALD 100mIKY T e dvrBEs 7 5 % alCAKH# 10
ml AIA, GFER3ml, oo M4 g EMAREL, #v A EEENL EBYRLEDD
K1 00mlic 9+ 7.

Gl v PRERILCHRYED, 7 2 EKRRENL, Bl THERREEI YT Y
FErmd e

Stk Em (5%) 7 v{LKE®R(46%)11g BKB89g THT D,

e ( aN)— v vAibk#ER (IN) #HHE

b kFA (1+20)

AF vy Ta— @ (0.001M) :"‘7'1/77"""-0-187g"ﬁ7f‘i500m1i@‘?§7§?f}’=bfcc
1.2.2. £ B

TR 3 9EaE FAEE, lem EM

100mi4&Y x5 8AEEL

4.3 SBFHE

4.3.1 #FHBOER

HElgraTray < —~WiEAabh e, E®l1iml, 7 v ApAKEEBE Il BHAL, 77
wyﬂ%ﬁé%fﬁt%b,m%%%?égﬁﬁé%%&b,m@%MJ&%&E%Dﬁ<§
CHERL, E®m(2N)— v v kFE®R(IN) #RETNX, FY7Te ERVP U S I (¢
L, BLRBETI00mILdTH b, '

4.3.2 7 v &R DR

e EEO20m] MAO—EE (4~204g Ta) ks Y =7 Uy RGERFL LD, ER
(aN)—7 v Lk FEm ( IN) #mAH20mls+ s, MIBK20ml Hmx, 12MEYE
&, BER, 7k:+tia>%IJ®ﬁ}iﬁzEﬂrt€@ﬂ'*c KA A HICMIBK20m 1 % A FBRIC AT &7
Zh, abICd o —EREEITE N, AGBE BT, T O A E T OSBE T Ho
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G (2N) =7 7oK FER(IN) 10m1 £2MmE, 1 AMIE bR,
TERAKFEA(I+20)10m 1%ES TaERyEE, #rsadbPWal L, k#Ex 57 o
yfmﬂ—mmfgﬁﬁmmé%Fﬁ%%ﬁ%m(i 031 0mI%Fms FBCHERTA N,

rorlea N Brapngd

KABHEAETH.

>n

?k?{\ﬁ’ifjjéfﬁ@? Fuerye—f s b, i (8N)Tm) Fing, o ae

L&Y L,

4.3.3
Ak Ko v bk E %) 2.5ml FMATHY =7 v BAMELEEL, KTH 25

BT AHe A7y 7a—(0001M) @M 1.0mlEms, B, 1,
B&lﬁﬁ%,@&éo?f%gf%MV%W”,*ﬁhfﬁ
TEDVEBEOL,2-0 2 e x 2o Th-dlh, 1,207 an
T A ECREEE OnmOBFESMET L. S
TMEBETD(ACHALAE, 0,5,10,15,20p0g D2 ALBEREREY) = F L
YEBFREBT LD, 4 3 3BOBREFTE

ot

F i A E T
2— w2 oz 10.0ml%]
vz

BAL, FO50mly v —n—1

g A ADREE e EFEEERY OFNEKER LTS éa:7¢»£@%$ﬁﬁﬁﬂ%%
LRDEEREMHATALD 2 s BT TR =Y eSS s Ay 29
LT, Table 8 WART LOWNERSO =y orn, 8, 2uah POTEL 2 50
DEERBEL AN LR DI DR 2V A 2 EBOANDEAEQEE ST 0 5, 2
% b Dl S 6 ;ﬁé’:v&mfwb Table 9 CRT L9 C—‘;.xfk%.u?’“ﬁu&/)bﬂﬁ C@?“*T‘Eﬁ
HosR s mMATEET AR A 20 10ng WL THS (HP1C1s & LTHEM)
T0pg HFELOBELIRIAL DA 277 L, F’i’i%dl/’cmﬁ"wwf%rﬁ“J:(,L:}Y“*hbi{f
RAECT T 7oy €= —%HnhZ LT LA.

4. 3D HRELHEDT2,3 OFEE WL AEE% Table 100FET. NBS1203¢(
InM)713)®ﬁwﬂi%mNBSrw@&*'-ﬂbﬁc§ff¢4A B O #TisRd, 47
e & — KPR ES & A3 2 L D 8D T A T - O R
737ﬁﬁfﬁwmf.4mvui®ﬂyﬂz T hbLAB Mg OBE
0.004BLL D £ > 2 v DEBITHEL T . o

4.5 H#

=Y s AEEGTO0004BH L0 2 » 2 o OFERETRHB LA B AIER 7 vibkE
MTHEREL, HB(2N)—7 Y (KEZ(IN) BEI LA Fd 2 TP Frs b (MIBK)
TH AT RE L. DECBBRMKEK(1+20) THEHEL, KACHESS ms € O4E
ML ETRE L, BREPT7 vIEKEREMATHEL, DECAT v v 7 v — %5 k.

AFV T Ay a A ERE L, 2V a2 THEL, FEECERELSRTEL A,

1) REE &, xH F:o4Hz 20,86(1971).
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2) KR fREmES, HF R K AL, BT

Table 8 Recovery of tantalnm

Sd;ple Ta taken Ta fonnd (Kg)
(g} (ng) : Av.
50 10.0 105, 10.3 10.4

Commmon sample D

( Tonconel 600 100 10.0 102, 10.1,
9.6
9.5, 9.7
200 10.0 98, 10.2,
10.1
103, 10.2

Table & Hffect of platinuin on the determination of

tantalnm

e

Pt azaeti (pg) Ta .f'mmd (ug)
Av.
10 (H;PtClg) 9.7, 10.0 9.9
100 ( » ) 20.2, 210 20.6

(H,P1Clg soln.diluted with

9 NHCE —1NHF soln.) 196, 186 Lol
1 ( ” ) 190, 185 18.8
10 ( ” > 184, 184 184

(The above soln. fumed
10 193, 181 i8.7

with Hp804)

Ta taken @ 104g

Table 10 -Analytieal resunlts (Meihylene:Blue method)

Sample Ta found (%) Ta (%) by
Av. nther method

NBES1203
(Toeo 713)

0.34, 0.3 5 0.35 0.34"

Commo i samp]e.A 0.006, 0907, 0.006 'CLOO%’_:Z}J

0.006, 0005
0.006, 0007,
0.006, 0006
- a NB S Y a 1 ; T N

b Determined by activation analysice

Common sanple B g.0086 00051 b
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