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The Indirect Determination of Fluorine in Coating of Low Hydrogen
Type of Arc Welding Electrode and Its Raw Materials by Separating
Precipitated CaF, and Atomic Absorption Spectrophotometry

Hiroyuki 'I'sukur and Yuteke Tocasmi

Synopsis: .

An indirect determination of F by atomic absorption spectrophotometry was studied. F was precipitated
as CaF,, and Ca in CaF, which was separated by filtering was determined by atomic absorption analysis.

The results are as follows:

(1) The addition of excess CaCl, as a reagent for precipitation decreased the solubility of CaF, in the
solution. '

(2) The solution was boiled for fermation of CaF,, and CeCl, was added to the solution, after cooling
to room temperature ¥~ dissolved in the solution was precipitated as CeF,.

(3) When absorbance of Ca®* was measured after HCIO, dryness of CaF, and CeF,, the presence of
Ce?*t in CeF, increased absorbance of Ca2+.

(4) The amount of F, when 20 mg or over, recovered by both Ca?* and Ce** was about 96-59%, ac—
tually, and the amount of F obtained from the absorbance of Ca?*, which was increased by Ce3+, was in—
dicated twice as much as F (about 1-5%,) recovered by Ce3+, but the amount of F recovered as CalF, was
about 959%,, and as CeF; was about 1-5%. These values were nearly constant so that the effect of the in-—
crease of the absorbance was used in'that condition for increase of value of F, and F could be determined as the
recovery of about 989%. v

(5) The method was successfully applied to the determination of F in the coating of the low hydrogen
type of electrode, fluorides of alkaline ecarth metals, and cryolite.

(Received June 21, 1974)
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K EBBIEERERNNI 7 v 2 ) HEBELEO REsE,
7 v{t#, Fe,Mn kXU SiZk Xo4&E, Tiggby,
TAMBBEERS EL, INBEKFIATRHEELLD
DHBGV. FThobb, BHRY O—RkHRD i BRI
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EKSERNA EHREER CTHEREBERNEVD) D
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Zhnx, Cl- % AgCl & LTiE X%, FALEDDL,
Firh B Ag* % KSCN T+ 5 5D, k&
KK T X 2T HoSiFg & LTHE S L, Th(NO;),
THET HHED "W L E0b 5. BEERIRMBHOR
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4 % 7-3, PbCIF pptBidkic —wRERES? 2 L8 L
F%. KEKFEL-Th(NO;), MEETREHSAIE T
EhIv. 2hbH05h, EHEDIXFTLENREDR S
B7rKIEGIRE-Th(NOy), s (JIS B&'9) ZEKA L
CE7, | ERBCH 4hr 2FET 5. Leh>T, BE
EEAHOX I EHORERAFCERTDLE, %
WORGEBLIE LT HHERD DR

FIT, XFRHBEHOAESES RTINS
EABEA LTREZFET Y oicg|&E>5%, FHITK
PEEEERT5EMT, F- % Calfe LTHERS
#%, Ca ZEFBNSIEC I oTHKD, F 2lEmC
SEET 5 HEAREI L. b, COREERER
B IV DT, Hifziw CaF, ko sy, T
FOHE & TS TRIERER R RD, SWTEETE
SEL, ChER BRI O FREE RO F OEECEH
U7ckb, JIS 319 0 13iE—H L BRIFRERPELN
OTHET 5.

2. HEBLUEE

21 ® %

F {EHe Ak (4-975mgF/ ml) : J5ik NaF (99°0%) %1
500°C ¢ 2br $4EEER U (99°5% 7o %), BWEnts, 2-210
g Z KR LTk T 200ml i FHR L 7=

Ca fZdeiWE (1mg Ca/ mi) : Kk CaCO, 0°25g %
HNO,(1+1) 5ml T4 L, KT 100 ml i FHR L7z,
zoEwED Ca 4FHBIX KMnO, HEEIC XD TRE
L7z

Al @ (Img Al/ mil) : #5k 0 ) D ABAIEA [KaAlL
(SO,)4-24H,0] 176 g Zk&MEZCTHFE L, 7T 100
ml ZHR L7

Si s (1mg Si/ ml) : 454 SiO, 0°21 g % Na,COy:

K,CO3(1: 1) 3 g TR L, WA,
%L, /XT 100ml TFHR L7z,

Fe /A4 (1mg Fe/ ml) : §§#% FeCl;-6H,O 0:48¢g %
KB L, kT 100 mi p:?r#}i L.

Mn #g&(lmg Mn/ ml) : 2 Mn (99°99:) 0-1g %
HGU+D5mlT%%L,&&A&h@L<iTmﬁ
EE L, &HEE, AKEmz T 100m K HR LI

Ti g (lmg Ti/ ml) : TiO, 017 g % Na,COj:
K,COy(1: 1)3 g TRIFE L, S RURMZIRKCIE
fE L, RERIE F0EEORETKEINL T 100ml
TR U FROSV, IJHRLTHIRLZ.

CaCl, iA (¥ 100mg Ca/ mi : 32%) : §iR CaCl,-
2H,0 32g #/KICIEME L, /KT 100ml THERL, —&
WEHFRLUTER L. '

Rl 4 & (R VR

Table 1. Working conditions for Ca measurement,

Wavelength (A) 4227
Lamp current (mA) 10
Slit width (mm) 0-18
: flow ({/min) 3-00

. Acetylene { pressure  (kg/cm?) 0-50
. flow ({/min) 13
Alr { pressure  (kg/cm?) 1-8
Range for measurement (ppm) 0~60

Burner head position 90° to light path

CeCl, e (14 10mg Ce/ ml ; 2-79%) : 4%&k CeCly-
TH,O 2-7g %KM L, /KT 100ml IR L7

Na,CO, : K,CO4(1 : 1), CH;COOH, CH,;COONH,,
(NH,),CO;, MgCO;, BaCO;, CeO, B X xofho
VIR & 7o VAR Y S (A L7

22 ¥ &

BEFENE ST v B 57 207 B %, Fofkstid B AL QPD
53 J A& fER Lic.

FiEC e Ca, Mg @2 StEROF e —H Y
—F5 v PERERA L

7 L — 2 ER-CH, vV, N~ — X AL EARYE
Ne—F— (EHFL 100X05mm KERT Ay b
—F—) mER L.

X4REFEEE IS ERLK D-3CH (CuK, Rz
F) &AER L.

3. EBEFRHOKRE

WSy, 7o) LEEEO T bk X UKeERE
RER T v H Y TRMR L 7R & IR /K W VAR U 7 ia i
5 F- % GaF, & LTHBEESE, ZhEFik SHL
CHE L7 BP0 Ca- 2RFBEFIEEIC 2T K
w, FrREmcERT 5 5B W TOEES R
Lic.

31 E%mﬁﬁk$60a®ME%#

BEFRerEic X > TEET 5 7cHd Ca Dl R,
5. FERME, AV v ME FAKERIOHTAE, #
SEREEE, N—F -y FORBEII 2V TRBEHY
FLF-DT, Fhic Licas>T Table | wiRdBIES
a2 Fm L.

3.2 CafIERORBOBOEBERERE

Ca OENERIED & X OEBHABROBOEER XU
FOREVIELRY @ Lo T, IN LIFo HNO; B
ER 3 W B R AN (o '

3.3 CaF, £ aBEHOR

3-3-1 FEBRHE
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WEH, Tuh ) 2ELEED 7 B X OkEES
DFDEEFHEZBRITT 520, DF0X S5 ESRHE
FEDTI.

Figuesmg 8ml 288 300ml o —h—ic & b,
ZKTHY 200ml 42 58, NayCOy: K,COu(1: 1) .1
~dg M CERE L, CH;COOH %% % 1o hnx T iEs
e L, #9 5min FoicElLCTREYN 2%BEL,
CaCl, %k (32%) @ 0-5~5ml #inx CaF, %t
SHE, 9 Smin HE ST 5. £910 min FIkTAIL
T b, CeCly ¥k (2°7%) © 0~20ml %z, U
03 SAMBHL, §9 10min fFELCTH S, FHK (5%
C) TFE@L, CH,COONH, it (10%) & 20 ml 3
DT IEESER UBREZFRE EDILELSIFRB L,
KiEL7Db, HCIO, 5mi, HNO; 1m! #fnx T
SENERGRR L, FEREETS. Bk, HNO(1+1)
10 ml 2Nz CHRPSAZ L, %EME, 100ml x 27 5 =
TEBLAN, KTCEREITHITHS. ZOBREKT
10 5 MM LT, Table 1 DBPIELRM Lizss>TH
EMAEERE b Ca ORNEELEIFEL, Ca Bb
b FRICHAE L7z (2F/Ca=0'948) mEMHE2H VT F
BERR®D. ERRIFA—-FE4TSELDEL, FOFY
R 7.

Lo, Ca BEBRKECOEERIR U, Ca Bk
&, HCIO, #EMEE I HNO, ICiEfi# L7~ Ca Bk
T, ThEhd Ca BHENRRLZDT, Ca (EHEE
W 0, 20, 40, 60m! % 100m! ¥ —H—jzt b,
HCIO,; 5ml/, HNO; 1 m! Z/nx THnZh L T BfifedE X
WIRFERCE L, HEE, HNOy(1+1) 10m! #finz <hn
IRIEREL, %EME 100m! *x 27 5 23108 LARIKT
BMETST®, COBWEEKT 10 ZHRLTHRE
MRFIRENR & L. :

3-3-2 REET VI Y F IO BO, NS DB

SUElORARC VD Na,COy : K,CO4(1 1 1) iR
I Tiobb, CaCly IBEicing 4 ml, CeCl, 15
WlshngE Sml &L, Na,CO;: K,COu(1: 1) o
DHEEXT, 3-3-1 DEBRFEEC LA WER L, Fig.
1 KRR 2Bz, NayCO; : K,COu(1: 1) B 2L
VRERZE 2% DINTCIRIZ RS e o7, SR BT 5
WIERENE D EDE 0°1~02g i L, ¥ 3g THb
BTEs,rb, T 3gxmMasz it L.

Fiz, WERIORAZCIT 3-6 THIET S X 51 B0,
ZORAT M0 925, B,O; g 2§97, Na,CO,:
K,CO3(1: 1) 3g, CaCl, ## 4 ml, CeCly i%#E 5 ml
BV, BOs % 05~1ghnx T, 3-3-1ic LiasnunE
gL, Fig. 1 tohT#HREEE~. B0, BEog{bizass

+2}
£
~ ok
g
u e g
_2_ -
- \
1 1 1 1 1
0 I 2 3 4q 5

Reagents for fusion (q)
F token: 39'80mg.

—— Na.CO,: K,CO,(1:1) ; —— B,0,

Fig. 1. Effect of quantity of Na,CO,;:K,CO, and
Bzoa-

Error (%)

L
~
H
—i
oy,

0 ! 2 3 4 5
32 % CaCl, solution (m{)
F taken : 39’80 mg.

Fig. 2. Effect of quantity of CaCl, solution.

2% LANT, ZEEEREsDk. DTHEA ORI
X 06gWEmx bz Lt L.

3:3-3 CaCl, BEIRINE D5

CaF, OUBEAERS® 5DEVS CaCly BN
BERF~7z. Na,CO; : KoCOy(1: 1)3g, CeCly # 5
ml Z v, CaCly BOFMEDHREZE2 T, 3-3-1
W LIChSWERR L, Fig. 2t/ E %484, F 3980
mg DERICIE 3ml Ll EDIRITIE 2% LI T—s
Llgofz. F 39°80mg VB TFTOERTIE 1 ml %
BRI, 4ml M5 LT L.

%72, F 39-80mg oEgic CaCl, ik 3ml & I
ETHT LMD, F § 13mg oEFiCiE CaCly gk 1
ml BYELEE2, T F 39°80mg U EoEFICIAF
¥ Bmg 3Lt b 4ml iw X e CaCly i
Z 1mi OFETEMTH LI LT

3-3-4  CeCly I MEIRIDENE

F- et CaCl, BWEINZ T, CaF, % itk
S, WEREFHLTHET5 L&, 20EHKC CeCl,
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[ CaF, ; | CeFy 5 7 unknown.

50 60 70

Fig. 3. X-Ray diffraction pattern of the precipitate obtained as follows : CaCl, and CeCl; are
added at the same time to the solution containing F-, and the solution is boiled.

Bz mz Tt & CaF, @@ﬂy;@b{tg_j‘é ZEHb
> 272D THET Lz
(1) CaF, & CeF; D:fibelt

Ca ZFH+HmmRL LdiT 7 vibfpe LTHLS® T

SEET B AEERIE DY, BELW, MELVICX DT
REINT V- aRERCX5%MPo CaoERE (¥
REE) WHAVWbLhTWAY., ZoFERHLAUD La
INZ TIEEL, 90°C LlEokB TRz #m IS
DT, HR, Ca &t Lap@zofbpd LTHILT 5.

AEBRICIVTh, CeCly BHETMT 5 &, F- L
41LT CaF, &bz CeFy IR THEEZLNDLD
CHE L7z 3-3-1 i L7eadn F R HERENE 8ml 24T
Bz Na,COy 1 K,COy(1: 1) 3g &9z, CH,COOH
THEEE S L, R LRI 2 2RE LD &, Call,
Bk 4ml Zhnx CaFp % A X8, i< CeCly 15
¥ 5ml Nz 5min ik L, 10 min 7Kk (15~25°C)
TEHHE, 10min H{E LTHHHABEFER LT 105°C
THEERE X BEASW LR, Fig. 3 kidXo5k
CaF, & CeFs 5 X UMEOLEW*L B b dO0HF
# Uiz 2 & bab & FMikicigfE L CH;COOH TR
HEL, FHihLch e CaCl, 30K 4ml #Hnz 5 min

| EW LT, CaF, optEABULEE, 10min ik (15~

25°C) THHILTH B, CeCly iF¥E Sml 2Nz Lo S
EAEIEL, S5 10min FELTHLUBREFL
T 105°C CTHzfepth X MERSHT Lcks$, Fig. 41iom
TXOCEED CaF, BFEL, X SITHMED CeFy 23

B bz, LiodsoC CaF, il X % B $ukis,
* d(A):4-85 3-44, 290, 2°04, 190, 1'68} L OEHRD & obs
iy ¢ 70, 100, 70, 100, 40, 10} REATHOI:.

FEHOR ) LT o & CeCly BHoR Vi Ui, CeFy ik
BB TH S 2 &ML I RD7e. T CaF, 0k
BB L CBUR S € C, BIREGE LTS CeCly i
WEz5dZ L L.

(2) CaCl, Bk L O CeCly BTN X % CaF,
DB~ D FLEE .

CaCl; EH I L O CeCly IFHANINIC X 5 CaF, b
INREF~7-. FiEEEEKIC CaCl, iBua hnx T CaF,
kR, AEREFRI L, 105°C TR, H 600
» CaF, DHMIEZFAN, chE—FET 2@ »hLb,
7k 200 ml iz Na,CO,: K,CO, (1:1) 3g % isfiE L,
CH,COOH CREEEIC L, % LTIRB» A& REL,
Ak (9 20°C) THHULABRCINZ, Zhic CeCly
BHE(2:7%) 0, 4, Tml Zrhehinx <X <HEL,
kT 10 min J§E Licd L FHK (5EC) THR@EL,
AT 3-3-1izc LiasoC CaF, B kb7, Table
2R T LT CeClyIFHEATRM LRV X D iRn L7oiE
5H CaF, OEIRES R LTS, ¥/, EOBET
CaCl, 15 (32%) 4ml % Th Fhic iz, Fhr
5 CeCly EMRE ML TLATRERICIREL CaF, &k
WicfER, Table 2 wind X 5w CaCly, i inz 7=
i Td CaF, oRINERIE LFT 555, Fhiz CeCly 5
WamzicZ LIz X2T, &5t CaF, QEREHN L&A
L7z

COFER, BIRTIEFED CaCl, 35 X8 CeCly 2355
w3+ 5L, CaF, OEINER LE L.

(3) CeF; it X 2%E

Table 2 RT XS5k CeCly, BROTEIICX ST
CaF; QEIELS EA Lz, TOREI 2vTix Fig. 4
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J CaF. 5 | CeF,

26°

Fig. 4. X-Ray diffraction pattern of the precipitate obtained as follows:CaCl, is added to the
solution containing F-, and the solution is boiled, after cooling to 15~25°C, CeCl; is

added to the solution.

Table 2. Effect of adding of CeCl; and CaCl,

“ on recovery of CaF,*,
2-79%CeCl, | 3294,CaCl, CaF,
solution solution
Added Added Taken | Found | Recovery
(mi) (ml) (mg) | (mg) (%)

0 0 73-0 65°5 897
4 4 K4 686 94-0
7 7 4 70°1 96-0
0 4 4 69-0 945
4 K 4 72°1 98-8
7. 4 . 4 710 97-3

* In 200m! of alkali acetate solution of slight acidity at about
20°C.

iRt Xoi CeFy ititic k3265, Zhic
B9 % MME R Y 7 Sle D7D THES L7z, Fig. 41
RUHBER O CeFy BREDBREDHBETCH 200
NB7cd, FIRLDDFEE [(NH,) 25,08 B L-TBILE
Rl wkoT Ce BEFERLCHEE F 3henE
39-80mg izxf LT, Ce®y 1-5mg THo7chb, 70
Ce BLEETHFEIEW 006mg THY, Brhro
72FEDH) 1'5% DF »5 CeFy Zitph+5 LiEESh
5. P L7z CeFy 3 Ca?t BKEEIED & &, Ced+
ELTHEFT D00, TORELEHA. S50 UDH
B L7 CaF, @ 73mg FO%X»0 & hBELDFR
AR, ZHIZH O LU DT L /- CeF; 2 0~5-6mg i
T, HCIO, 5mi, HNO; 1 ml #finx, hn#Eh L CHzE
L, AP 33l i oTtxrhrho Cat BWrER
BIsE LcfFR, Fig- SRt X5 Ced* ofFic ko
T Caz* RREAEA L, Ced+ EEmT 5 & Caz+

50

Scale reading

Q . L ] !
0 T 2 3 4

Ce (ppm)
Ca :38ppm.
Fig. 5. Effect of Ce on Ca absorbance after HC10,
dryness of CaF, and CeF,.

WXEDERL, EOFER L. LidsoT, Ced+
DHFIZ X 2T Ca2+ MIEHHEAL, Ca EMSLEHL
elfEEESh S, o LRSI F- 5 CeFy OB a4
Lo d Cedt ohps, Ca+ BEDBEIED & i it
TT20TH5B»5, F- 55 Cedtiz X oCEINS hizsy
H Car WREOWARER DI LEXDIENTES.

Fixbbh, Cedt HiFIc X5 Ca? Tit3 2SN EI
F- oRRZEAEDERETCHE»H, ZhE2 FEEic
FIFE+TBHC & L. Ces+ ¥ 1'5mg THINXH 5 F-
1389 1°5% ThH B, Cet+ #1-5mg itfidi+ 5 CeF,
ZIFEET CaF, ® 73mg % HCIO, &L, 3-3-1
WL D>THEEL, Ca?r BXEZBEIETSH L, Ces+
DRI X DRAEOHEKRS X Wkdiz F ik Fig. 5

— 94 —

-



,—

CaF, kb5 BB F B i & HEARABEBREEAZSCCAER b0 F ofigEsg 393

L0¥%% O LETH oM, hii 3-3-4 (5) ik
i B X 5 CeCly iSO TRMEAS 3~10 ml TIFE—
=Thh, 22 CaCl FROHLDOFMC L 5 F [EIRE
2 95% TIRIFE—ETH2DT, ThefDEEF
ERHETHRZER L.

¥ 7= CaF, ORI 95% ThHDDiE, CeCly i
WDHRINT CeFy 23370 U, BWPICIBRF LT 5 CaF,
» F- 3 Ce3* X DoCEIIR Eh 55, e F i
CaF, DU EHESTVD EEZLRD, HGFOLE
i CaF, ikBe» B L, PRI IBAT S Z 55,
CaCl, OB EIMZ IO FE (F49 1°5%), k&
(F#y 4°5%) FXF, CaCly, CeCly OB INZ 72
WEROFEEE (F§9 3%) PoFE2EE L C#EESh
7.

(4) CaCly X' CeCly I=IMOBRIC DT DHELE
3:3.4(1)~(3) T 2ERFERPL>EDLS
REERfTIE D, CaF lIftAKE TH 25, F- %
SEiAHC CaCl, 2T CaFy ZUBESEDLE,
CaF, OIEMER*™ Ll o hiE, CaF, 2B L,
CaCl, o @RIz X 2T CaF, OERRE** 2584
THH, BRI ELERLTRY, CeCly 2N 5
& CeF; OARFEMR* 23 CaFy X 0 H/hS 0 b, HIR
FRiCBi L T\w5 CaFy, @ F- & CeFy %kl d 5 &
Ezbhb. Tabb, Calt KX D2THE LT, 27k
F- % CeFy & LTHEULL, Ca+ WRERAED & X
Ces+ @ Ca2* (Thf§ % BIESHFIC Lo T Caz+ YLIEfE
BT E» 5, ZhEFAThIE, FEIRE2ELET
LLLMTEDLEEZLNS. .

(5) CeCly WAHEIRDIR O L

CaCl, BFmOTMME CaF, 2R 5DICH WA
®, FTI 3-3-3 TEOTRMBEOLEITASDT,
CeCly BHEDTRINE 45T L7z, NagCOy : K,COq(1
1) 3g, CaCl, y5# 4ml 2V, CeCly IBKOIRMNE
DHEEZTI3- 1T LB WERL, Fig. 6 CRT#
RaiB7e. CeCly BiEx M Lig v & 213 F BRI
95% TohHo7eds, CeCly M (2°7%) 3~10ml fnx
HZ ik oT, FEIREREXL 98% i bH L. L
232C, LA CeCly ¥k Sml Mz 5 Z &iC L7z,
3.3.5 VBB 720 DISIROIRE '

Bl b % Tl o &ET, CaF, OB %9 5 min 2k
XD L X DEEOBRE R FNEh 18~100°C ¥ T

% pEEEEEN20) 13 CaF, : [Ca2+] [F-]2=3"4x10-11(18°C), [Ca?*]
[F-1¢=3-95% 10-11(26°C), CeF3-1/2H,0 : (Ce3*1[F-J=1"4
X 10-18(25°C).

e CaF, OERRELY i} 1°63%x 10-3 g/100g H,O (18°C).

100
o
S
-~ 95
o
4
>
[=3
(=3
(33
e
u
90
a 1 1 i 1 1 L]

o 2 4 & 8 10 20
2 7% Ce Cl; solution (m{)
F taken: 39'80 mg.

Fig. 6. Effect of adding of CeCl; solution.

+2
O}
-2+
S
g
W
-0t

1 ! B
O 20 40 60 80 100
Temperature (°C)
F taken : 39'80 mg.

Fig. 7. Effect of temperature of solution for
precipitation of CaF,.

TRT, FOMBEHEER, Fig 7RT X510
70°C Ll ETI3E%E 2% BN TIEE—F L D70 T,
BEOIHENENTH D L b, UTEHTAC Lic
L7z

3.3-6  PEIERK & VEIBEIK

CaF, %z Ffk (5#C) THiiLxd L, HO,
CH,COOH ¥k (3%), CH;COONa iz (1%) & X
Ut CH,COONH, % (1%) THiF Lics ixvTh
DEE D B O— A FRICEh . CH;COONa iEHE
(10%) 2wz & &1 JRIELIT K D7z DT, CHy-
COONH, #iuk (10%) #RVvasZ iz L. 1RO
BHOBEI0ml L LT, HhiFEKEFhFn3~8
BECELT, TORELTHIER, Fig. SRt X
TR 4~ 7 BlOEEETIRE 29 DINT, FE—E
Ligofe. LTFSEBETLZLiclie.

34 HEAZOESLIUHEORE

3.4-1 FEMORBETEOEE S XVOPHEDKRE
CHWHEARL, TnYEHEEED 7 o bk I OUKERT
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Error (%)

] [} 1 L L L 1 L
I 2 3 5 6 7 8
Number of washing
F taken: 39'80mg ; 20m/ used once.

Fig. 8. Effect of washing number using 109
CH;COONH, solution.

k3643 5 Ti, Fe, Mn, Mg, Ba Zstki% REE7 1 5

) CRIBEL, HAKICEREL7E &, Ti 37 4 BE,
Fe, Mn i3/kER1LY, Mg, Ba X RERIE & > CAHBHE
MERLDTWBEDT, TOFFEHFXET, 3-3 Lihd
Fefi Licds > T F B2k &, Fe, Ba i115iF%
Eixigdofzhs, Ti, Mn, Mg CRELVEEER 4
C7eDT, REMBIIFENLCRETLZEICL, &5
FOFNC X DREZRE L. FIEEE% 8ml 24
LIFWIT NapCOy : K,COg(1: 1) Sg 2 hnx CIBMEL T
»h, F2 I, Fe, Mn, MgCO,, BaCO; »%+h
FTHhEMCITERE UC 0~40mg T/ 35 X Sz,
ILERUMESE, FaLTEXKTI~4EESEL, U
T 33 THRODEZBIC LSS TF B2EE L&D
B, TNENGRE 2% LI T, (ZIEX O BEII D7,

3:4-2 BEMBLTW5 KTFLROEE 5L UBHEDOR

= : .

Mn BEBROHWBERIAEICIIREE 7 v H ) TR L,
WA LIcE &, Mn o—8 (BEFSECIZ Mo
20ty 10% BrERINR) B HoBE Lk ST
BREL, BEPFEEZELTVWS. ZRIIRERDY R
Ml7cd &, CHyCOOH Tfgiic Li-& &, B
MEr2L, B VoBgiEe o/ ic CaCl, &
Wamz T CaF, OB D7 DI B Z BT 5 L BE
Dk (MnOp) A4 Udz.  Li=hB>T, o iR
CaF, & & diz HSh, Ca OBREHIED & =it
F3505, Ca OMAEECEELE 250 OT, AR
LTw?% Mn BHETS. LA LEE0 Mn i35 EH
B EETRTWD 2T, HEATRBRTI5

Error (%)

-506 I L 1 I 1
[0} 10 -20 30 40
Concentration of element (mg)
F taken : 39°'80mg; —— Al ; —e—§j.

Fig. 9. Effect of Al and Si.

Al DEEED DI (NHy),CO, 225D T, Fhic

X OTMn UK LADT, FHK L DOTEFDEE IR

E(TEXL.

AELZREET Vv 0 ) TRUE L, IBKICHER L E &,
BRELTWS Si, Al ofFrI5EERIT L. F
R 8ml 2 SRR T FhBEMIc TERE L L
T 0~40mg hnx, 3-3 TROBALEZHC Lo >TFE
@R, Fig. 9 WiRTHREZERL. S 3gE Lro
7z AlX 0°5mg ¥ CTREELA»DR, Fhll b
DHFRIEFELVABELXE L. 2T, AlopED
BREZOWTRET L.

EKERAHBER OB SRS YT 5 X 5% Table 3
g Coating-1, 2, 3 oxEE 02g, 7ArHU 4+
BERED7 vt S X KRFEE 0'lg oxrhFhs
Na,CO; : K,COy (1: 1) 3¢ THIF L, BIRMEIRAKIC
VR 5. AERITFEL, KT 3 ~ 4 Eki% LT,
Pl L A B b7 PO Al B2 BT REETE
w7tk 5, Al&1X Coating-1 T 0-3mg, Coating-
2 ¢ 1'7mg, Coating-3 T4 '1mg, II7-55T 0'lmg,
KéafT 11'9mg, MgF,, BaF, TR&FN T iiD
7. BAEDZ &b, Al 0°5mg Bl E%4Tr: FiEXH
LHBRNB L UKGREPOF ERick Vit Al %R+
TOLEELRD.

(NHy),CO; iz X 2T Al kS wFERLT
rETsHEEHRE L

FiREEEIR 8 ml % & TerAH0T Nay,CO; 1 K,COu(1 :
1) 3g &z, KT 100ml iz 5%, Al 1~10mg,
St W x 10 E 7212 20ml 20k, X5z (NH),CO,

— 96 —
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Table 3. Synthetic composition of coatings of low hydrogen type (%).
Sample CaCO, [ MgCO; | BaCO; | CaF, MgF, BaF, |NagAlFg| Mica Fe-Mn | Fe--Si TiO,
Coating-1 40 — 10 20 — — — 5 5 10 10
v -2 30 20 — 15 10 — — 5 5 10 5
7 -3 40 ~ 10 — — 20 10 5 10 — 5

Table 4. Effect of filtering insoluble substance and Al(OH); on separation F.in coatings.

Atomic absorption

Sample Th(NOs),
titration Filtered on U Filtered twice by
litered once re—precipitatingf?!
Taken (g) Found (mg)* | Found(mg)* Error(%) | Found(mg)* Error(2)
Coating-112 02 16-0 17°5 —7-9 18+2 —4-2
7212 4 26-0 24-0 —7°7 250 —3-8
a3t ” 19-4 18-1 —6-7 185 —4-6

* Average of three determinations.

+2F
(o} 8
2L
£
g
&5 =10}
| I S S I NN S N S T
0Ol 23 45 678910

Concentration of Al {mg)
Fiaken : 39:80mg ; =2~ (NH.), €0, 3g + Si 10mg3

~a~ (NH,), C0,4g + Si 10mg ; =+ (NH,), CO,4g+Si 20mg ;
—o- (NH,}, C0,5g + Si 20mg ; —&~ (NH,), CO,69+Si 20mg.

10. Effect of adding of (NH,),CO; and Si
for exception of Al

Fig.

& 3~6ghnx, #¥5minFHErCER L, LRI LEE,
Fi@ L, {{ (NH,).COs Bk (0°1%) T3 ~4E¥EGE
L, FlRE¥EWRZ S THREN 200m! &L, ch
CH,COOH —T#Estt: LTLT 3.3 CdiFHbiz L
FeMOCERUAHER, Fig. 10 @R+ X 5ic Al 8mg
FToFEIT (NH,),CO; 5g XX Si 20mg DEhn
T, BEXTOEEIHRETEL. Thilko Al o
FERERAEL Al OFLLBRETTERI O

3:4.3 HHGTHROFRREFORE R IUYEDORE
IETROBEMOMIFIRL EOMETIC L 2T, TOE
BRINBEDOFEND B WS TEINLTRET
70T, BETIREENTREL KoM, WEAOS
&, ThHOLREFARCHET 0T, HFEHFSL
B, TOXREERBNTOLERD DR £TT,
HAFEHS Table 3 iR X 5 A EROWERFEZ A
WC OB A et L7z, Coating-1, 2, 3 4 02g%
Na,CO, : K,COy(1: 1) 3g & B0, 0°6g TR L, B
BEIRKCBER LD E, NABMEFOZE Al Y

t1 As hydroxide or carbonate.

12 The composition is shown in Table 3.

B, FRCTERDE Al Onkr FEL, LA
T 3-3 whdE&Hic Lo T F Exkd iR,
Table 4 w3 X 5ic Th(NO,), HEEED 1« Xk A{EIC
EERTH 8% naRERXE L, BESTRIPFRHCIKTFT
HZHBHRITEFILCHBERD O ZDOFERICDW
THRE L. LOBETRERNS LU Al Oz F
S Lid &, F15% HCLGLHE L, NaOH Crhfis,
Na,CO, : K,CO, (1: 1), (NH),CO; THBZFI
WAL, PR % BANCFR Lo FRiC &4, BITF 3.3
KRS Fe b Lcds 2 C FEERDFER, Table 4
KRTXSI{4% 0RBRELR DR HEATRFE
FRITHENTRBEALEEN S, ThLOTERND 5
wiEkE LI F o— 85 BIE S h, —EOFE5ITEF
DESTFEI T, UK I > TREELCoHS
PEIRERE 96% C EF LB DORS. Lo L,
BB 21T LI EMEE e D, »ooREfb R
I 21D T, MNEMRME XV Al OpE %2 —EIFER| L
e d 33 Ui wWEE L~ Table 3 ¢ Coating-1,
2, 3 OEBEEN Table 4 tR4T X 5 EOHERID
#98% DABETITIE—FETHODT, WEATIKF
BEEmOBLA k425 7 UEK B s BRI 2 v T
BRZERTHFETCERL TORERBRETRZ L
L.
3.5 EBRER

Fizwepsng 1~14ml (FEX LT 4°975~69'65mg)
ZEbH, DT 3-3 CHRDEEHT LEPVWERL, FE
ZROFOENERZFIE L Fig. 11 K RTHERE28~.
F {9 20mg D\ T3 EIREIH) 98% ThHor.

%7-, F 19°90, 29-85, 39-80, 49-75, 59:70, 6965
mg i3t L, 3-3 i LS E< DR LTERLTHE
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Fig. 11. Recovery of various concentrations of F.

7= F & 0 kDB HEmERII LT 0°23, 0°15,
0-11, 0°09, 040, 0°249% TH OO THEMD X2
D7z

3-6 HAEORAEE

TNRYEEEED 7 o1, KFEFEE Na,COs:
K,CO; (1 :1) TRMETE 7223, HWEHFIIX NaCOy:
K,CO; (1 : 1) B TIXEAEC &2l HAERIOR
BN DWW T OFMISRETAEL W L > THRESh T
WEHR, SEECETIEER L DO THRETL 7.
Fe-Mn, Fe-Si % & 3rikBAIZ A4 % 2I1F T Na,CO; :
K,COy (1:1) TRMETSDE, BALDDEEE54&%E
D, E7-SEETLENITE AR L2l FhiT
B,O3 V1 2 fin x CRUAFT 5 &, R & IR KICIERE L7c
BRI~ B oBEOFRBEEE L/AcDT, Fe-Mn 13l
LTV LB DA, TOKIMGIIRBEEWE LD
TWBHDT, ThE2BTHHE Lk, MARXETTE
3, Fe-Mn RGBT HOT, TOMHEETE
7 hote. Fe-Si BEEWCGEF LA B, Rl ICEE
EMx5E, BHIHLEOT, MELTw5EEb
ns.

F7z, B.Oy iz CRIfES 5 &, Fe-Mn IH4: %52
BEITEAEEEEEDKL VA, Te-Si lIHE 5 DIED
EXhThictderksLEbd 070, HES521EFED
FOBDOERICEXESLVWEETH . 3-3:-2 T
R LS FEEDES W B,Os OItFHIC X D8R
272D T, LUTF#HEAIORAFICIE B.O; 20T 3
il

4. EBAERELER

DEo#HTTicd &5WT, EEFERED, ThizH
WTEBHBPOF2EE L, TOEREYTED:.
1-1 ERAE
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4-1-1 Eﬂ*@Fm*ﬁ
7mﬁ9¢@ﬁ%@7/w%iolg,meu0%
ERIFNFNAL DL OIFTTIEIHND & 9, Na,CO; : K,CO4
(1:1) 3g&mxz, XEAL, £ 10 min FREAFAFS
5. WHHL, 300 ml ¥ —h—inFkiEk 5 o LA, K
TH2 100m! L LT, L Cikmezisid sy X
R ER (SEB) THEMLT, BAKT3 ~4EE
¥ Ly PR & BEHE &Y (MRAY 200 mZ), CH,COOH
4ml iRz, 8L, £ Smin FHH L%
CaCl, iR (32%) Smi** Zinz, 9 5min it &
5. % 10min HiAKTHELTH L, CeCly Fik
(2:7%) 5mi “hnz, Uwo58A8L, £ 10 minjj
&%, FHR(5EC) TFHEML, CH;COONH, ik (10
%) §120ml TOXAWIEPEETS. MEEFRE &
LICEE 5D 50 LKIL Liz0 b, HCIO, Sml ¥
XU HNO; Imé Zhnz, W bchEie, 0&->25
EIBEETS. BEME, HNO, (1+1) 10ml %inx
TERIEIEER L, %3, 100ml x 27323
5D LA, KTEMETHITHS. L DIEW KT 10
fFic 53T, Table 1| OElE KM CHRTFRARET &
vy, BREMAEERE L CaELlEL, F
BICHEE L-REBEZER LT, A KRD Ca BbE
A LTFERKRDS.
WERREESEE Ca fEHEERR 0, 20, 40, 60m! %*
FhFEN 100m! ©— p—ic &, HCIO, 5mi, HNO,
I ml Zpnzx 2K5ERC0E L, %%, HNO; (14+1) 10ml
AN CTHRIEMRL, &R 100ml x 2752315
DLAN, KTEMETH>THE. Zhiz/KT 10 fFi
FRUTHERARERCR VS, ORI ESE
Aot

4-1.2 HERDPOF OELR

WEH 0°2g % EE&E5HDIFITEA» 0 & D, Na,COy:
KyCO3(1: 1) 3gk X0 B,Oy 06g2hnzx, XS
L, & 10min FHFRBGEIESS. %E4%, 300ml ©— 3
— R A > D LA, JKTH 100ml - LThwE L
TM&%”%%Té'W%$K%%%ﬁﬁ®§£$%

x,ﬁlmmnﬁ#kﬁﬁb,$%%%%lom&#m
(47, FHK (58B) TFEL, 8 (NH,CO, B#uk
(0°1%) T3 ~4[EEEL, FiELEEE2EDLT (BE

* KSBETRANFESFOZE Si B (Img Si/ml) 20ml sk
¥ (NH,).CO3 5g #iMA, # 10min BT L, RERDS
X FIRBA LR, P (5HIB) TIFBL, R (NH,).COs A
(0°1%) T3I~4EFLHL, PREEEZEDYE (ERW 200ml),
CH;COOH 6mi %4 iMA, BTETHRIFERULIZNMS.

> BEHoOTPRFORIEROIOEHAIDT 5mi & Ui
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Table 5. Analytical results of F.
Th(NO;), This .
Sample titratio?h4 method Difference
Taken | Found Found o

(g) | (mg)* |(mg)x| (m&) (%)
Coating-17 6-2 19-0 188 | —0-2 —1-1
4 -2t 4 260 258 | —0-2 —-0-8
4 -3t 4 19-4 195 | +0-1 +0-5
Fluorite 01 472 466 | —0'6 —1-3
Magnesium =}, 586 | 57°0|—16 —2°7

fluoride

Barium fluoride| # 20-9 20°5 | —-0'4 —1'9
Cryolite 0-05 26-5 264 | —0-1 —0'4

*  Average of thrce determinations.
t The composition is shown in Table 2.

%1200 ml), CH,COOH 6 mi % # % iz, iF 4-1-1
DB LichSWaEHA 2 85 L, Table 1 0fIES
HTRTERETEAY, RERARERBERE &b
W CalpErflEL, FECEE LRERTERL
T, AR D CalfobE a2 ifA LT FREZID 5.
IR AR TERERIEL AR S ORI U X 5 ik Bk %
H BT JIS r(GREKER-Th(NOy), HEHE) T
FEZRkDTkE, ZoFEEmokER Rz Lok
R L7er o T E L OB Z AR L, ZhiifE
WREHE LTHAVWS
42 XEAHOERER
AR X D EEFEOEEE TR o/ RE Table 5
3. B XS5ERX JIS ¥k (RESZEE-Th
(NOy), HEE)Y T X DH1H & e TFE2E 3% LI
DIFIFMHRTE B —TET LI
SHTRTEREEA 4br T, Th(NOy), WEkI b &
HECT&Teho7chd, SROBMEE FRICEETE DT
BHESTIC Lo 5 SABEATES Z Ea3bhork.
5. & B

R kEE T v b ) CRUAREE, CaCl, 2z T F %
CGaF, & LTy, FilgEEL, HCIO; & HNO;
THREEH, dil. HNOg WWigF LT, RISk
ZIo>T CaDPEZRIEL, BMEMCFE2ERTS
7D FEERETL, EBEAFEEHSL L. T OB,
CaCl, 0 BE|D Fhne X oT CaFy, @ BRED Wb
L, &bic CaF, OILEEAKE, HMEZEH LT, 5,
CeCly #fmz 5 &, BELTWS CaFa o F- L CeFy
BIL, FhicXo>T Cazt o X >CEN S isro
7cor® F- @I L, Ca?* WREORIED & & Ced+ L
UTHHFL, ERHEEZTL, Ca EREEEF Lz
20mg D Eo F I3 EEEQEIERE Caz*, Cet* DA

T, FEINEZK) 98% & LTE

Ces+ ¢ Ca%t T3 518
EEhFED Cedt X WEIRENS F & (F BLK0
1-53%) o¥) 215 (¥73%) OREEZRT LIch, CaF, o

FENZEEH 95%, CeF; o FEINZEZL 1'5% TIF
E—EBTH2DT, ZOREDLRZZXOETEFIAL
BETER.

HFFCET B TR, REIEL E ORI X
DTF@E L CHETERER L Db, WEROS
A, FERRCHNTEROUHESRRRCIHEFT 570D,
%@%15#%< NSO FO—E»ARE S h

¥ 96°5% TH o5,

, —EFRCRELICHEETETHE s, 20R
%®%€ﬁ&®&@ﬂ%ﬁ&—%?@0k®f,Fﬁ%

MOFLERS A U X 5 7 WA % o TR S TRk
THEHEEEA, TORERRE L.
EE K RIS W TEA, 127250, MgF,, BaF,,
%%E$®F®EEKW%LR&:5,ﬂsﬁmkﬁﬁ
LiciiR s RE»E Oz,

‘ﬁﬁ%ﬁ%mﬁ4h1ﬁﬂﬂﬂm4ﬁ%&mlbﬁ
METEIehokd, SHORBELFABCERTESLDT
A SRR LAEZTh o/,

b, AR R L, JERYL CiREERIGL D ¥
L7z B LESEBEETER L EHEAZE RO B
E I LAVAR S s o
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