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Atomic Absorption Analysis of Mn, Fe, Cu, Ni, Co, Pb,
Zn, Si, Al, Ca, Mg, Na, K, Ti and Sr in Manganese Nodules

Shigeru TERASHIMA
Abstract

A simple but useful method was proposed for the determination of manganese, iron,
copper, nickel, cobalt, lead, zinc, silicon, aluminium, calcium, magnesium, sodium, potassium,
titanium and strontium in manganese nodules by atomic absorption spectrometry.

1) Rapid method for the determination of manganese, iron, copper, nickel, cobalt,
lead and zinc. Weigh out the powdered 0.1g of sample into a 50 m!/ of beaker, add 5 m/ of HCI
and 5 m/ of HNOj; and mix. Cover the beaker, and heat on a boiling water bath for about 30
minutes. Transfer the contents into a 100 m/ of flask, and determine seven elements. The time
required for the seven elements in ten samples is about 2.5 hours.

2) Standard method for the determination of silicon, aluminium, manganese, iron,
copper, nickel, cobalt, lead and zinc. Take 0.1g of sample into a 90 m!/ of platinum dish, and
add 2.5g of Na,CO; and 0.5g of HyBO; and mix. Fuse the mixture using a town gas burner
for about 3 minutes. Cool and cover the dish, and add 10 m/ of water and 20 m/ of HC1 (1 +
1). After standing for 20 minutes, heat the dish on a hot plate and obtain a clear solution.
Transfer the solution into a 200 m! of flask, and determine nine elements. The time required
for the nine elements in ten samples is about 6 hours.

3) Standard method for the determination of calcium, magnesium, sodium, potassium,
titanium and strontium. Take 0.1g of sample into a 100 m! of Teflon beaker, and add 4 m! of
HCL, 2 mi of H,O; (30%) and 5 m/ of HF. Evaporate the mixture on a hot plate at 160-180°C.
Repeat the evaporation with 5 mi of HCI (1 + 1), and disolve the residue in 5 m/ of HC1 (1 +
1) and 5 m! of water. Transfer the solution into a 50 m/ of flask, and add 5 m! of lanthanum
solution (La 40 mg/m!) and 5 m! of aluminium solution (Al 10 mg/m/), then dilute with water
to 50 m/, and determine six elements. The time required for the six elements in ten samples is
about 4 hours.

Optimum instrumental operating conditions were shown in Table 1. The relative
standard deviation and recovery in the determination of various elements were listed in Tables
4-6. The methods were satisfactorily applied to the four manganese nodules, as seen in Table 7.
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Calibration curves for iron.
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WERERAGE BE9% 865

IR WESEH
Working conditions of this study.

Elements Wavelength Lamp current H.L.B. Air flow N,O flow  C,H, flow
(A) (mA) (mm) ({/min) (!/min)* (!/min)
Mn 4031 8 10 13 — 3.0
Fe 3441 10 10 13 — 3.0
Cu 3248 10 10 13 — 3.0
Ni 2320 10 10 13 — 3.0
Co 2407 8 10 13 — 3.0
Pb 2170 10 10 13 — 3.0
Zn 2139 10 10 13 — 3.0
Si 2516 13 — 7.2 5.9
Al 3093 12 — 7.2 5.7
Ca 4227 12 10 13 — 3.0
Mg 2026 12 10 13 — 3.0
Na 3302 13 — 3.0
K 7665 13 — 3.0
Ti 3643 15 5 —_ 7.2 5.9
Sr 4607 10 10 13 — 3.0

H. L. B.: Height of light beam over the burner. *Air flow meter. Slit width: 0.075 mm.
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Effect of aluminium, manganese, sodium, iron and
lanthanum on the titanium (40 ppm) absorbance.
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B :Ti+ Mn
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WEREFT AR (B29% 8 6 5)
g2 & 0 B M

Sample numbers and locality of four manganese nodules.

Analysis No. Sample No. Size (cm) Type Sampling station
MN-1 408 G 172a 4-6 IDPs 10°00°7”N, 173°59"7"W.
MN-2 409 FG 7-1,2 2-4 Sr 10°00"3”N, 173°00°7"W.
MN-3 426 FG 22-la 2-4 Sr 6°00"0”N, 169°59"2"W.
MN-4 GH 745-139 4-6 8°10"3"N, 170°250"W.

IDPs) Size: large, Shape: irregular/flattened/discoidal, Surface texture: smooth.
Sr) Size: small-medium, Shape: spheroidal/ellipsoidal, Surface texture: rough.

L, AA752a 25ml) B LAN, KTERFEL,
~VvHV, & R, =virn, AN, 8, HREE
BLk.

FORR, =vr A, 2 nt, B4 BEOWTHRD
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HLTS5ppm DLF) Chot. =v¥y, &, &, W
i, WFEhoRE» L bbb ThickiE i, Rilsh
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W MN-1oBREP O&RENE P o T, TDRed,
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3304 MBI E € THML, ERR L Fg B L -
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0.001 % BETHB. Thic LT, MN-1 &KicEE
haEE&EEN, $10.3%, §A0.39%, HESHO.055 %,
<V H16.7%ThHY, BASH TR LERETOLR
BIXERLTE Lo 2wt Bbh s,

LEEHC XY, RESTHELE LT, B0l g2
B 5ml LASER 5 ml CHIB0S ML L 5 KB ETHMEL,
KEHRLTEEBEERET 54 lOoFEEED .
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AL e LTk, LEREOER LRI X S 0MHET
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7o, WERLTERRIC X B AR TR WHEO BRI
Thd. IOk, RBERET M) TV AERVBTRHE
BUTBEEBRICEBRL, JWiE, 7LI=Uh, <=V
Hy, & &, =Yrn, a0, &, ERrEERT
BH%BERE Lk,
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%

Log concentration,

1.000 p

Fe

0.100 7

0.010 p
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Heating time, min.

EIN HBMEMBREACIABLECRT B
BEVFOSER
Relation between heating time and metal
contents of the insoluble materials.
0.1g of sample (MN-1) was heated
on a boiling water bath with 5 m/ of
HCl and 5 m/ of HNOj.

I3z ticLic. H&E b2 AV 354 OMBERI,
HEMLE THERBEN D Z L Th s, REHMLEICK T
BPHEELOWEE TEXBRET I RLT 2D TR
HMEfTok.

EF, B0l g DRRICAV B IREET NY v ALK
VBOBELBEELORBEIRSOWTHRE L. 20
B KRBT MY T A ZVBELELAVREIALE
DOWBRDRN LRb o, LBL, REEF MY
YADBRETER LETLROBERIEBOTA—F —~
v FIZEMTH LT v— a3 REEL 2D, FUBO
BERETED LAY BAFERCEMF L 5T L
RoP>7DT, REFTFIYLIIX25 g, &7
0.5g#AnaZ kicLiz.
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#£Ix MEIANOBRCHC 2ER
BELASSLOBBEOBR
Relation between concentration of hydro-
chloric acid and loss of platinum dish in
the dissolution of the sample melt.

Added, m! Loss of Time re-

No. Water  HCI platinum  quired for

1+1) (mg) dissolution

1 0 20 5.03 10 min.
2 0 20 4.68 10
3 5 20 0.97 15
4 5 20 1.13 15
5 10 20 0.66 20
6 10 20 0.48 20
7 10 20 0.58 20
8 15 20 0.55 30
9 15 20 0.31 30

0.1 g of sample (MN-4) was fused with 2.5 g of Na,CO; and
0.5 g of HyBO; in a 90 m/ platinum dish, and the melt was
dissolved by water and HCI.

S &I, BERYOBRCHAVCIEROBELASSL
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SHLOBERDRARY, Fhick-> TRBICET 55
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R CERICESE B H BRI S TRERM O & TRt
ShTWBLEREZBZORRY., Z0k), K2045HHE
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TH BN, ZOFEIHEIOBETH 5 e DIRELE
BUNEL T2 JIS M 8235 72 X 0o FEIZE~_T—RITH
5 fENREHLESTRETH S, - T, BE&OHEHEIC K
ZERAZZELEVWTLELOFEAEET I LBEDbIS.
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B, e, 7 V{LkFRRRIC X o REE LR, BBk
%, 7 v {bKFRBIC X ADEEET . TORER,
FThoOFELRBOSRRAELETH - b, BERER,
THER, 7 v LARBIC X 5 HFETREVWEEREEL X3
BAEBREP o, ZOERREEL, F7urE—bEH
WHIHIEWEE TEBERLITO LA TES, B
EHRBOBERBPES TRV T o .

HEg, BERLKE, 7 v LAERIC X 5HBEFEE,
FEBELEL, BREFRERE2E25ZLBbhoT
DT, AERTCRIDOFEZHWSZ Lic L.

4 RBEFERLEEHR

4.1 BFEMTERICELBIVHY, & H —us,
aryb b, 8, EROERE

411 BEHE

B R P0.10g 2 v—n G0ml) ik VERY,
W Sml L@ SmI ZMARHELTEREL, B
57K B CRIBOSTIME L T3 5. K920 ml &
ZTHERL, #2752z (100m]) HBLAN, KT
EAEL LRBEKR: T3 (Z OBBEREKRO THICI
M 5 e DFEROSEZ ). TREERERIIE L b
CEISOFET U Ty, 8 8\, =vrn, 2
b, 8 EBEEEERL, RERIVEAEERD .
EERERY) R Sml LR Sml ¥ —n (50
ml) YEICERY, BEE b TheE LCR30SHEME 5
KEECIBELEBEARZ7F Az (100m) B LA
3. ZTHhit&BEBEERREFARL, v HFrieosnTik
10, 20, 50, 100, 150, 200, 250, 300, 350 ppm, §kiz
DNTRv Y H Vv OYORE (5-175ppm), Sl B L O
=y piconTiE, 1,2,5, 10, 15, 20, 25, 30,
35 ppm, =30 b, ##, BESRICOWTEO0.1, 0.2, 0.4,
0.6, 1.0, 2.0, 4.0, 6.0, 10.0 ppm & 72 X H¥EML
HBARTEEL L, T RREFOREABERKRFE
3.

4.1.2 wEEE

4. L 10K EOSTRER X CEREEZRNT 572D,
MN-1, MN-2 0% 0.1 g #fEL, Thicwr s
XU 5mg, 8, =v»#10.5mg, 2 b, §8, FEER
0.1 mg ML, BAT4 L 10SHEELTT - THTH
PEELCEREEIRICOR L. £4R»PLDPB X
51z, WEROTEILSWTS 5 EIOREHLE, EEHE
E2AT » TR I EERE L 0.8-4.6 %, [EIRR i3 98-
104% DEFARNTH Y, RIFRFERAE bk,

2V Hv )V a— VRO EFRE, FHL T~
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Ew4HE RENNECLE~VYH Y, &, @,
=, aspk, 6, BEROER
BT B REEE & BT R

Precision and recovery for the determi-
nation of manganese, iron, copper, nickel,
cobalt, lead and zinc by rapid method.

Samples Taken Added Found* R.S.D. Recovery

(g (mg) (mg) (%) (%)
Mn
MN-1 01 00 1660 1.0 —
. 01 50 2170 1.0 102
MN-2 01 00 2554 1.0 —
" 0.1 50 3074 1.4 104
Fe

MN-1 0.1 0.0 10.33 1.7 —

i 0.1 5.0 15.40 1.4 101
MN-2 0.1 0.0 5.06 1.3 —
” 0.1 5.0 10.09 0.9 101
Cu
—_—
MN-1 0.1 0.0 0.39 2.1 —
’ 0.1 0.5 0.89 1.7 100
MN-2 0.1 0.0 1.28 2.3 —
” 0.1 0.5 1.80 1.4 104
Ni
P —t——r——
MN-1 0.1 0.0 0.53 1.5 —
” 0.1 0.5 1.03 1.4 100
MN-2 0.1 0.0 1.09 1.5 —
. 0.1 0.5 1.61 1.7 104
Co
A
MN-1 0.1 0.0 0.24 1.7 —
” 0.1 0.1 0.34 1.2 100
MN-2 0.1 0.0 0.14 2.4 —
4 0.1 0.1 0.24 1.7 100
Pb
A e,
MN-1 0.1 0.0 0.055 2.4 —
” 0.1 0.1 0.153 1.4 98
MN-2 0.1 0.0 0.028 4.6 —
4 0.1 0.1 0.128 1.3 100
Zn
A ———
MN-1 0.1 0.0 0.055 1.6 —
’ 0.1 0.1 0.155 1.1 100
MN-2 0.1 0.0 0.121 1.5 —
4 0.1 0.1 0.223 0.8 102

* Average {(n = 5)
R.S.D.: Relative standard deviation

VEBOHBEBETH D, BEBKRRILEDO X HIZH
BUER, SR LU CIMERED~ v F Yy RitET 5
BABIV= Vv VERICH L TIMEOSHNKELTL*

NENOBEBECRE{FELR» ok
LL1InFEERHWEZ LItk Y, v v ) Va—b
HowvrFy, & @, =vrn, 2.0, #), @i
D 7 TEREPIOFREHZ DWW TR 2.5 B T EEFIEE T H
5.

4.2 BESTELCKBFOER ZFhIizon, v

v, 8, 8, =v&I, AN, B EROES

4.2.1 EBHE

#E: B&SH 0ml) RBF MY U L2582
9E80.5 g 2WY, ZHIcEHF0.100 g2 Mz TELE
BT5. A—F— @HFR) EomEL, ERHRE
O RBET (W3LHH BET 5. BuskKI0
ml ML EHILTEEZE L, BB (1+1) 20m!
2Nz THILSARIHRET 5. ZhE 200-300 CoFik -
KBL, BROPBEERTZ2ECNRTE. 2AT752=
(200 ml) ZHBLAN, KTHRLTERFLL, HRBE
Ked 5 TREEBRBERFILLLZTVWHR Tz
Tk, wVHY, & 8, =vri, =S, 8, B
HEEREL, REBRIVEXEOBEEERD 3.
EERERT  REET MY v L1 25 LA TE0.25¢g
8o E—wn (100ml) Y, AK10ml LigEe (1
+1) 10ml 2% TEML, 22772z (100 ml)

KB LAND, FEEEFRREFRL, v Hrieon
1320, 40, 60, 80, 100, 120, 140, 160 ppm, §&, 1\

K, TAI=TALOVTRERER <V H VDY O
B (10-80 ppm), 8, =y rric>nWTikl, 2,4, 6,
8, 10, 15, 20 ppm, =S4 b, &, FEYIC © WV T
0.05, 0.1, 0.2, 0.4, 1,2, 3, 4ppm &% 5 X 5 &M
L, KCHRLTERL L, I nHFr ahiBAEEERK
RIEERT 5.

4.2, EEER

REDOBER I OEIRRBICOWTHN TS 2 ®, 0.1
g P (MN-1, 2) %4.2. 10FHECUEL, Thic
S5ml DFWEBIVTAI =T AEZHEML, ERB L
REEOIRITR L. E5RPLDLPBX Y IT, 6-13
% DITWHEDOERICK T 5 EEHREIL0.9-1.7 % TEIX
REFT%BLCI01%THB. £7z, 2.7-8.2%D7 13
=V AOEBRICRI AEEREL0.8-2.9 %, B
01% TWFh i BEFRERIELNE Z b o T
~vHYv, & , =YFn, a0, 8, HEéic
DWTOSHER, 4 1OFETERLERERLR S —
L HETR, RFSERENIELRDZ L RbPoz
O TERRIZ DN TORMNIIITHT, BEOVWTOHR
Rt L7, MN-1, MN-2 [z oW TEEHLE, EERME
EOSEHEVIEL THELNZOVES D FEMRE & Xk »
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Precision and recovery for the determi-
nation of silicon and aluminium by

standard method.

Samples Taken Added Found* R.S.D.Recovery
(&) (mg) (mg) (%) (%)

Si
i
MN-1 0.1 0.0 8.41 1.1 —
” 0.1 50 13.26 0.9 97
MN-2 0.1 0.0 6.12 1.7 —
v 0.1 50 1L.15 1.2 101
Al
e A
MN-1 0.1 0.0 3.18 2.4 —
” 0.1 5.0 824 - 08 101

MN-2 0.1 0.0 2.73 2.9 —
" 0.1 5.0 7.76 0.9 101

* Average (n = 5)
R.S.D.: Relative standard deviation

e, ZORR, < Ay, & M, =Y, 2

b, BESROERICI T 5 EERE30.7-2.3% T, 410
FHELELALRUERERE LN, LaL, fiizon
Tid, 4.0 (MN-1), 11.0 (MN-2) %<4 loHEicH
NTRERE; o, Zhid, b L THOOTBER
BYwolciiz T 4. 1oFEic e U TR R O D
BEXLTHY, EBEOBBRIERERLFH L THRAR
Brbigdt OREENEL b5 L Bbh 3.

4.2 10FHER XYV, = v H Y ) Va— A H OV,
TNVI=Th, VHY, 8 @, =y i, = )0
b, EEERD 9 FTHEAS, 10RBHZ W TR 6 B TE
BAETHB.

4.3 BEESWECKBNINSIL, TTRVDAL, F

UYL, AUDL, FEIVAPAVFULDE
;

4.3.1 EEFE:

B 2RB0.100 g3 F 7wy E—w (100ml) jziX
HYEY, HEER4ml, BELkE B30%) 2ml 2k,
TR RS SRS T 3. 7y bKkERSIml 2Nz, B
RE (160-180C) iz L, ARBEET 3. H®m(1+1)
S5ml MMz CTHUKETS. HE (1+1) Sml Lk
¥5ml MMz CHERML, A X777 A= (0ml) iz
BLANRSG., TV 5 IR Lad40 mg/ml) 5 mi, 7 v
=V ABK (Al10 mg/ml) Sml &Mz 788, KTH
RLUTERL LREAIRL T 5. TRREERKRSIL &
LICE 1 ROLKLTHEL, RERLVETROSHE
BRD B,

FBOR HNVVTL, RTEXYTLA, FRUY
by, BVY L, FHEV, AbRrVFV
LADOERICBY BFEE L EIRE

Precision and recovery for the determi-
nation of calcium, magnesium, sodium,
potassium, titanium and strontium by
standard method.

Samples Taken Added Found* R.S.D.Recovery
(8  (mg) (mg) (%) (%)

Ca
e A
MN-1 0.1 0.0 1.42 2.5 —
. 0.1 1.0 2.38 2.1 96
MN-2 0.1 0.0 1.37 1.6 —
’ 0.1 1.0 2.35 2.1 98
Mg
——
MN-1 0.1 0.0 1.35 2.3 —
4 0.1 1.0 2.38 1.4 103
MN-2 0.1 0.0 1.80 1.5 —
4 0.1 1.0 2.81 0.9 101
Na
P ————
MN-1 0.1 0.0 1.42 1.6 —
4 0.1 1.0 2.44 1.8 102
MN-2 0.1 0.0 1.74 1.2 —
4 0.1 1.0 2.73 1.0 99
K
———P
MN-1 0.1 0.0 1.08 1.7 —
4 0.1 1.0 2.07 1.2 99
MN-2 0.1 0.0 0.73 1.4 —
. 0.1 1.0 1.72 1.7 99
Ti
A e,
MN-1 0.1 0.0 0.59 3.2 —
’ 0.1 0.2 0.80 1.9 105
MN-2 0.1 0.0 0.20 5.5 —
4 0.1 0.2 0.40 2.8 100
Sr
e A e,
MN-1 0.1 0.000 0.070 2.6 —
“ 0.1 0.025 0.095 2.2 100
MN-2 0.1 0.000 0.046 2.6 —
” 0.1 0.025 0.070 1.6 96

* Average (n = 5)
R.S.D.: Relative standard deviation

BAERERI: 724 ¥ ¥k (La 40 mg/m!)10 ml,
FAI=T AWK (Al 10 mg/ml)10 ml, ¥EERSml % 7
BoAR7F2a (100 ml) HET 3. ZhicEER
BEBREFRL, vV L, = FFZYTA, TRIY
by, BYTAIZOW TS, 10, 20, 40, 60, 80, 100
ppm, F& izonWTik2,4,6,8, 10, 15, 20ppm,
AbryFTAICHOWN T30.2, 0.4, 0.6, 1.0, 2.0,
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4.0, 6.0ppm LARBXHFMLIBKRTEREL, 6
TR E B LRABERERI R (T 5.

4.3.2 EEER

AEOREER LOBIEREZ KR+ 5 72 », MN-1,
MN-2 0£0.1 g %#4. 3. |O/E I L, KEEHEFIK X
VNV T h, =RV Th, FRITA, BV TLE
Img, #%:0.2mg, & kw57 Aa0.025 mg #453H
LTIRML, BIELZ. SHEHOBIVELERICX->THE
BN PHED HRD I EBHREE L O REIREL 5 6 &
WRL7Z., H{OREPLDLPBLIIE, TR_TOTHEEE
U CEEREIZ0.9-5.5 %, EUNEIII6-105%TH Y,
BERFEEREBLZ LB TER.

4.3 10Kk X Y, v v H v/ Da—nfoiryy
by, RTFXYT A, FRYTA, BITL, FEY, R
brvFT LR, 0B oW T 4 BRI CREEFRET

BTk =vHrvsJa—dl6RS
. DANRER

Analytical results of four manganese
nodule samples.

Compo- Method MN-1 MN-2 MN-3 MN-4
nent, %
A 2623 4035 46.41 18
Lmoz{ 2 0 30
B 2651 4057 4595  30.10
A 1477 724 724 1576
Fe, O, {
B 1454  7.95  7.19 1547
. {A 049 160 220 0.6l
e B 049 159 218 063
A 067 138 178 08l
NiO {
! B 066 138 175  0.80
A 031 017 016 033
CoO {
B 029 017 015 032
b0 {A 0.060 0031 0.026 0.059
B 0059 0027 0024 0.058
A 0068 0.50 0176 0.086
ZnO {
B 0068 0150 0.175 0.087
SiO, B 1800 13.10 11.09 13.74
ALO, B 601 516 406 503
CaO B 199 192 214  1.99
MgO B 224 299 350 244
Na,O B 192 235 232  2.20
K,O B 130 088 084 094
TIO, B 099 033 025  1.05
S'O B 008 0054 0057 0.086
H,O C 2287 2068 17.07 2271
Total 98.020 98.503 99.048 97.852

A: Rapid method by this study B: Standard method by
this study C: Penfield method

(5 29% % 6 8)

b5,

5 B

YO HF I a—n (2R ho<rHy,
8, 8, =Yy, 2SNk, 8, ES, TV, T
=T A, IVVTL, TTFVTA, FRUIDL, H
YT h, FHEV, AburFULBIUASGEER L
WREETRIOR L. ZTRUORED I B, KGRV
74—V FEERAVIERETERL, ZOMORSIC
DTk 4 -4 3 TR AR FETFRAEI & » THSH
EEBELIRELEDh B OFICHBELIBRTH
3.

VAV, 8 8, =Yy, aALE, 8, B
DVWTHE, 4 1ORBSPTER L 04 20BESITHERIC X
STERLNIERE LB LU GR LY, Wihotkic
DNWTHRL—ELTWSE, 20Tk, wvdv/v
a—VHRDOwrHYy, & 8 =y, 2 S0 h,
R, ESAOEEICBV T, RAB & ER L mBcOEL
EBROBEYOEREISTBECHEEATLLIZ LR
FTLDEEbh 3. '

PERRZE Sz, BRFRESTEERWS < H v
7V a— VD&, BELEE T OWETERE b &
<, BELEBTHE. 20D, SWERELTOR
RLSHTROHIBRILEE, GWER 22 BRI L Lk
ROBESTEL LT, ROFHTE 3.
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