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Application to Analysis of Microamounts of Gallium and Germanium
in Steel by Using Quarternary Ammonium Salts

Senichi HARIMAYA, Hironobu QOjfi, and Kenji OpASHIMA

Synopsis:

Fundamental condition on isolation and determination of microamounts of gallium and germanium
in iron and steel was carried out by means of quarternary ammonium salts and spectrophotometric

methods.

The procedure constitutes the preliminary separation of gallium and germanium from acid solution,
addition of organic reagent, such as 4-(2-pyridilazo)-resorcine (PAR) or phenylfluorone, formation
of complexes with quarternary ammonium salts to improve the color sensitivity.

In gallium determination, the authors found that the water soluble gallium-PAR complex formed
the ion-pair, which was extracted by chloroform, with zephiramine.

The maxinum absorbance of the gallium-PAR-zephiramine complex in chloroform was at 513nm,
and its molar extinction cofficient of the reaction was 1:07x 105, and then 0-000;~0'05%, of gallium
in iron and steel could be determined in optimum condition.

In germanium determination, the method by using cethyl trimethyl ammonium chloride (CTMAQ)
to germanium-phenylfluorone-complex was applied. The result showed that the germanium-phenylfluorone
-CTMAQG ratiowas 1 : 2 : 2, and that 0°'000~0°05% of germanium in iron and steel could be determi-

nation in optimum condition.

(Received Feb. 26, 1974)
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TFig. 1. Absorption spectra of gallium complex.
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Fig. 2. Effect of pH on absorbance.
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Fig. 4. Effect of zephiramine concentration
on absorbance.
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Table 1. Effect of solvents on absorbance.

Absorbance
Solvent
Ga 10ug

(A |Blank (B)| A-B
Chloroform 0-992 0-198 | 0-794
1, 2. Dichloroethane 0-862 0-196 | 0-666
Amylalcohl 0-528 0-262 | 0266
Benzene Not separated
Carbon tetrachloride Not separated
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Table 2. Effect of diverse ions.

Added |Ga found | Added |Ga found
I I
o (ug) (ug) Pl (ug) (ug)
2 10-6, o 10 10-1,
Fe 5 12+ 5 100 9-7,
10 140,
S 10 9-9
10 | 101 Mo 100 | 100
Al
100 10-1,
10 9-9,
As 10 10-2, Ti 100 9-3,
100 100, 500 80,
Ga taken : 10ug
e k- Ga +PAR =5x10°M
o 513nm
4 + x 530nm

10

08

Absorbance

06
04 |-

o2

0 02 04 06 08 I'o
[Ga]/ [Ga]l + [PAR]
Fig. 5. Reactivity of PAR and gallium ions.
(Continuous vaeiation method)
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BT 98% LAETH D, B LARBETERE T 528%E
b 10ug LRIz % & LSRN,

Table 3. Washing condition for solvent.

Addition
Washing condition Fe ({:}g\;nd
Fe (mg)| Ga (ug)

A sol x 2% 200 13 lgg
B sol x 1*¥* A sol x 1¥* | 200 18 ig
B solx I*¥*4+ A solx2*¥ | 200 18 }(5)
. 0 8

B sol x 2%+ A sol x 1¥* 200 | 10 .
: o i 1

B sol X 2%+ A solx2* 200 10 5

A sol. HCI (7+5) 15ml

B sol. HQCl (745) 15mi4+TiCl30'5m!
* Double washing

** Single washing
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Table 4. Effect of iron amount on extraction.

Table 6. Determination of gallium in the

presence of diveise ions.
Addition
Ga found | Fe found
* gy © ue) Ion | Added [Ga found || ; | Added |Ga found
Fe (mg) Ga (ug) (ug) (ug) (ug) (ug)
0 0 99 0 Al 500 | 10-1, Ni 500 | 10°1,
10 5 1 As 100 | 10°1, Sb 100 | 10°0,
Cr 500 9-9, Se 100 | 10-0,
20 0 99 2 Cu | 500 9-9, Sn 100 9-8,
10 1 1 In 100 | 10-0, Te 100 | 10-0,
Mn| 500 9-9, v 500 | 10-0,
0 10 Mo | 100 9-9, Zn 100 | 10-0
200 10 98, 7 Nb | 500 | 99, Zr | 500 | 99,
Ga taken : 10 ug
0 . 15
500 10 8-9, o )
<G EEE>

Table 5. Effect of sulfuric acid concentration
on extraction.

Addition H,S0, Fe found | Ga found
concent- (ug) * (ug) *k
Fe (mg) | Ga(ug) | rate (N)
0 . 120 .
200 10 0-05 165 9%
0 _ 78 :
200 10 0-65 160 98,
0 . 160 .
200 10 1-25 284 29
0 . 560 .
20 | 9 2:45 655 | 10°%

*  Washing condition HCI (7+5) 15mix2
**  Washing condition {HCl (7+5) 15mi+TiCl 0-5mi]x 1+
HCI (7+5) 15mix2
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Fig. 6. Calibration curves of gallium.

Table 7. Analytical results of steel samples.

Low C Low C Low C Low C

Sample | G 1 A | steel B steel C | steel D

0-010, | 0-056, | 0-022, | 0-047,
0-011, | 0-054, | 0-023, | 0-046.
Ca 0-010, | 0055, | 0-022, | 0-047,
found | 010 | 0102
(%) 0011, | 0-055,
0-010, | 0-055,
0011, | 0-055,

X 0-010, 0+ 055, 0°022, 0-047,
8 0-00028 | 0-00091
C.V | 257 1-64
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Fig. 7. Absorption spectra of phenylfluorcne
CTMAC system.
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Fig. 8. Relationship between log{[Hspf]/[Hspf
(CTMA) ]} and log [CTMA] for Hypf-
CTMACQC system.
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Fig. 9. Reactivity of phenylfluorone and germanium
ions. (Continuous variation method.)
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XHC, HE 505nm F XU 520nm TRIE L. #HE
v Fig. 9 IR LA2XSIL, YR =0 ali7 =17
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Table 8. Effect of diverse ion on color formation.

Added | Ge found | Added | Ge found
I L]
o g | e | 7| we) | we)
100 100, | 100 | 10°0,
Fe | 250 10-2 | as | 500 10-0,
500 -4, | | 1000 107,
100 10°1 | 10 | 110,
Ti | 250 10-2, | 20 12-2,
500 10-8; |
; 10 10-4
sa | 20 12:5, [ Me| 20 | 115,
50 16-9; |-
‘ 20 10°0,
sy | 20 12:5, | zr 50 10-2,
50 164, | 200 116,

Ge taken ; 10 ug

2:2 OBEIERLTCEHDEEZLLND.

3-2.4 JHFA A ORE ;
FROERIGK BT OHRTEA I OREL L L5500,
3-2.1 FBMEBECHEL T2 227 0T 0 ERBLT
WETDLHEEINDLEA AL BIRIMLTER L.
fER% Table 8 iR LK. =7, TV FF, =
X, 7UVoFEy, DNT=DAREFVe =Y L LS

HDVIEROIIFTHE LinEE R RE & 5.
33 SAR=oLOmHTE

FT =9 LOSFHEEICNY, IBRRIBTE» ORIBT 5
FEEIME TR ESH 50, M CRELmE R 8
RUTERLR-

3:3-1 JhHIEEHEIRIE

BREES Vv~ = AR O—F &% 100 m! 5EiR}ic
LY, BERLIKEMATEIRE. AG+T5 L Ebic 50
ml WEERTSH. Xty 25ml 0% T 3 min B
ROVBECTT v~ =9 a2+ 5. Mo THK
BWHEIETS. i (HCI(4+1)]110ml 2inx TRy
REALDOD, WIFRIIIZTS. HEMITK20m! 2hnx
T lmin IRORYE, Yre=vark¥iaHiTs. T
KBWE S0ml * 27 5 22 LAN, HiERI0H
BAEE EOKTHRFP L, BEbED AR T IR a1s
DEDH. DT 3-2.1 BRI Leas 0T, BRE R
ET .

3-3-2 BERIREORE

A OEBIREBEIP Dy VY= ANy EoB L
CIE{LRFRICHIE Lo R% Fig. 10 ioRi L. EEE
8~10N Bild 5 0+2% OMBERTH D/ R +E
EMRILRF R UM Z R L0 C, &bk
EREEBRTHERV U 2BIR L. Shomiisy
ML E# 57 DEHTAIS &b LTER LA, #n

100
$—g—2—3—3
80 |- /
2 60 -
8
8 40
% o
L
o Benzene
20 e Carbon tetrachloride
0 ] 1 1 | 1
6 7 8 9 10

HCI concentration. N

Fig. 10. Effect of concentration of hydrochloric
acid for the extraction of germanium.

HOZhFIIERD S oz, & HiTiB#B ok <
v EMETEMB R T oR, Fuv =Y Ak
HEhizsof. RO & Ry, 2min 2L ETHEE
EBZFE-FLRBEOT, XIVELLFHEIEBEHEkT
Smin R NBE D Z LT L. T 5B0ERELZEX
T 3min RVIEY, TOREE L H70H, 15~25°C
ORITIREELL, ThU OB 5 &g
PET LiefER»BE o hie.

3-3-3 {hHAEK OIS &S

RO COWTERL, T S0 EREIRE
i b bIERIN Bl EA T I~5 Elgid L
B, Fw =9 ADEKIIED OGNS, O Eicgkss

Table 9. Determination of germanium in the
presence of diverse ions.

Ion Added | Ge found Ton Added | Ge found
(ug) (ug) (ug) (ug)
Al 2 10°0, Ni 20 10-0,
Co | 20 9-8 1 9-9
| S 3 10-1
Cr 20 9'8,
1 9-9,
G 1 9.8, | ° 3 9-9
u 3 9-9,
. 1 9-8,
Mn| 10 9.9, || 5 9-8,
1 102, || Vv 5 9-8,
Mo: 3 100,
.5 103, 1 10-1,
: Zr 3 10-1,
1 10°1, 5 10-1,
Nb 3 97, ! —
5 106, | B 109G

Ge taken : 10 ug
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100mg 377 LT b 2k 15~20 ml T 2 @Ik hid,
I SR L v 2 DR L.

3.-3-4 HfFTEORH

REFGCHTHIHESL AT >WT 324 TEBRL
7208, SMPICEAINDG LEZOLNSTTLREIT OV THI
HiREZ S-S TOREY L5, #R% Table 9
Rl = 7ORFRASYIORRALALD, =F
TREIVEY TFL Smg OIFREDEEXE5 X 5.
3-4 FWAE

ClEOESBEREZ S ERL LT, 2F0X Sk HE
ST Lc.
< HE>

=l 0°2~1'0g ZE—p—IKE»MH ED, FEE (1
+5) 30ml Mz T MBASE LDL, BER{LKFEK
(15%) 10mi 2z Cgin &% BbL, 5z
I GEROBRLKRESHTS. B 0ml 2 27
S2IB LANERE TS THS. 10ml & EHECS
W LT 100m! Zpimticts LA, EER40ml Z2hnx
TIRDVIEY, FEETEANTSH. X €0 25ml 2Nz
T 3 min RDEY, Fue=9 sk T 5. BHE
%, THABHZIET, EEE (4+1) 15ml 2inx Tk
DIREEHEIEL S TS, o LT 5> —Eik
B LUTHBEEZ RS T 5. R Ts5. AEMICK
20m! #hnx lmin RDEET Fv= = s% KA
P T 5. HH S TAKEREZ S0ml x 27522
B LANS. K Sml THUWRIONBELEKEL, S
EDAATIAINLEDS.

8 (I0N) 6ml, KV = w7a—ivER 05
%) 2-5ml, CTMAC #&# (0°05M) 5ml &inx T
DIREDL, 7. =T F o B (0°04%)10 ml
BN KTERET ST, HEE 505nm FEDPFIEE
ZRIEL, O, ULDERLTHIRER» LS V7 =
DARERTD.

3.5 BER

Mgk IZMES Vv =0 JEWERINIL, 3-4 S HE
T EDSWTREMEZER L. SBR® Y Ve =D A
BRE BT 3-2.1 HEEIREC LAt D TREREDS
DRER L LT Fig. 11 R L.

FREME DTV =Y LRE 1~16ug/50 m! D
B CHRICE & Offlic X WERBERSE R, Thil ko
BETCIEHER LREBR L ool figkicyrve=—2 LA
BRI LRER @ L RER (HiRl) 1, RE
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Fig. 11. Calibration curves of germanium.

Table 10. Determinatioo of germanium in steels.

NBS 1166 No 902 No 901
Sample Ingot. Iron | Low C steel | Low C steel
0-003; 0-054 0-011,
0-003, 0-054 0:011,
0-003, 0-051 0-010;
0-003, 0-052 0-010;
Ge 0-003, 0-052 0-010,
(%) 0-003, 0-052 0-010;
0-003, 0-053 0-010,
0-003, 0-053 0-010,4
0-003, 0-052 0-010,
0-003, 0-052 0-010,
X 0-003, ' 0-052; 0-010,
[ 0-00012 0-00092 0-00020,
cv 3-92 1-76 1-92

EHEB LT 2ERENRMELALZ &iTk5.
3.6 EBHHOAWER

34 SR FET D EDVWTERRBESITL, £OK
H% Table 10 R L7z

BER IUCFRED X IFREESE LN,

4. ¥ =

HHPOMBRSBCE AR T T v aigRlRmML
TEINEEOREL BRI HELER LTHNES
ERTESL Lz,
HIVYLADERETE, #)V 94 -PAR- €745 3
AR s oo FuACHE LTREEEET S HERAIE
L, #Y v a&=F{tF & o {HEFEOEEBEWBKRL b
LTS e DT AR EMAEbOE THINFEREL L
7.

FN2 =0 ADERETHE, ¥V =04L - T =7
LA o stkic CTMAC 2iRnd s A2 ICHAL, 7
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