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Table 1 Formation of strontium sulfate precipitate by the reactions of strontium

nitrate and various kinds of precipitants ( 1: 1 molar ratio)

Reaction time Deposited percentage of strontium sulfate precipitate (25)

(hr.) (NH4 ) 7.504 NH4HSO4 Na3504 KzSOg Mg304 CdSO4 CaSOf)
0.0v 62.3 62.4 60.9 60.6 60.5 60.4 8.5
1.0 85.5 81.2 90.0 91.7 80.3 86.9 13.6
2.0 85.6 81.7 88.9 91.3 82.2 87.0 11.9
4.0 86.1 80.3 84.1 86.8 88.8 84.3 13.0
6.0 85.6 83.1 86.2 86.9 90.0 87.5 13.6

Ave. value 85.7 81.6 87.3 89.2 85.3 86.7 13.0

Ionic strength  0.100 0.100 0.100 0.100 0.117 0.117 —

Sr(NOs)z conc. : 16.7 m mol/l, Precipitants conc. : 16.7 m mol/!
Reaction temp. : 100°C

a) CaSOs conc. : Saturated

b) Room temperture reaction

WAL T ADEEE, KEBEOLDENETSH 5,

ThBOfEE, R OWMBALBONHRED 96 % L » b/ &kfEThsb, “hh
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Mote, L LBEBEGTELREEEMHED 9.5 BHEWETHD, B VY skik
BHIE LBl s OEE LTV 5 L ONED b s, F1hORBBFEIGOHHE
i3, ERCHBLEVEHERGOELZRLZLDOT, WIhdZofEik 60 $FhETh
D, ORI T bR T &V B,
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HRRROTH B = Ebbh b,
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ARER (BB ORBAOCHEEC L AHEEA P v vF v aWBROMBEREL AL 77 3
VERE i1 KCP G X A5& ORER KB L T4 %,

LTI, EED L, WERHEHEBR T ve= v Ak BAviMEe L FiGE KCP RGO
BEAnb 4BV X AEAECET 5, G BITHEMEE OBRTE21
ALTz,

E200, FEC L HWBRITHEER, SHEOENWEHETH 86 L k&<, KC
PRIGTRY e DBE 6 FHRIG TS 50 YRET, BEOERBERED60%X Db
INETfETH B, KCPFIGTHETEDN S 85 %L LoEiT HREL B % 7201,
BHFREYE L, HUEEYRLTHHEMDETH DL Eabnb, Tihbb, 2f&%
MEIGT AR, SfEE ARG T SINHIRETH B,
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Table 2 Formation of strontium sulfate precipitate by the reactions of
strontium nitrate and ammonium sulfate, or sulfamic acid

Reaction time Deposited percentage of strontium sulfate precipitate (25)

Precipitants conc. : m mol/!/

(hr.) (NH4)zSO4 NHzSOsHa)’b)

16.7 16.7 33.3 50.0 66.7
1.0 85.5 8.9 26.9 40.1 44.3
2.0 85.6 17.6 64.1 83.3 88.6
4.0 86.1 37.3 86.6 88.2 89.8
6.0 85.6 50.2 86.8 88.4 91.5

Sr(NOg); cone. : 16.7 m mol/{, Reaction temp. : 100°C
a) From our previous paper®

b) SrSO. precipitate was obtained from KCP (Homogeneous solution) reaction

(2) FIBEERRE

KCP FSICE T, AU 7 Ay B0 oghr oo 892, 60 4l |- WSS
I, RIWRTLOCHEA + v vr v 2B OBTHRER, HETOBEL Y R
SEMEEOBRO. LI Y ILWWARERENEORDZ L bnb, Tihbb,
VY AL A vENETAEAIT, 93105955 %, 14 vERRETLEARE, 89.2
7B 9L UNELN AN SR OEA L AL Ty I VEREES 66.7mmol/ I, 6 HEIK
EDEETHD, Lichis T, ThbORBEIEICHT AHEEA e vF v A ONH
RELAREREL v KE LB L -DRIT, BREZISOBA LR, Arzy § ViR

Table 3 Formation of strontium sulfate precipitate on the various carriers
by KCP reaction

Reaction time Deposited percentage of strontium sulfate precipitate (25)
non carrier® Ba?* conc.2)»p’ Pb2* conc.® PbSO4 precipitate
! (m mol/f) (m mol/{) weight®(gr.)

(hr.) 16.7 8.35 1.67 16.7 8.35 1.67 0.30 0.15 0.03
1.0 44.3 6.4 50.7 16.1 8.9 37.7 51.8 36.7 41.8 35.6
2.0 88.6 85.0 94.1 66.8 51.6 82.2 83.3 81.8 88.9 72.3
4.0 89.8 91.1 94.8 88.7 90.0 87.8 87.5 92.7 92.1 93.1
6.0 91.5 93.2 95.5 93.1 91.8 91.9 89.2 96.0 95.3 95.6

Sr(NO3); conc. : 16.7 m mol/{, NH,SOsH conc. : 66.7 m mol//, Reaction temp. : 100°C
a) From our previous paper®
b) From our previous paper®
¢) From meeting of J. C. S. (Tohoku)(38:(38)

d) From meeting of J. C. S. (Tohoku and Hokkaido)®372-38>
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PREEA 50.0 255 66.7 mmol/ I Fivs 3 BFEIL Eo FISALETH S,

Fio, FRERSATRRE % HIR L Uiz KCP UG €7 9 ww phud, Ar 77 3 VIREE %
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BLEoiEREL BN S, £ LT, 6 HHEEIG TER{HED 96.3 ity 96 % 0 fins
BERBZ EdbMD,
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Diffraction intensity

Diffraction angle, 26 (deg.)

Fig. 1 X-ray diffraction patterns of guaranted reagent
(1) SrSO, (2) CdSO,
(3) MgSO,: 7H,0 (4) CaSO,+ 2H,0
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Fig. 2 X-ray diffraction patterns of SrSO, obtained by the reaction of
Sr(NO;), and precipitants (1 : 1 molar ratio) in aqueous solution
at 100°C.
(1) CdSO, (2) MgSO, (3) CaSO, (Saturated) (4) NH,SO,H

3.2 ABRHOBECIIEBA IO L FYLORE

— T BT OTIRRP R E ik, WACAEIIBERIEC L TES Z EXHD
M n W~00 = FTOELLOERERE @ b boh bo FHEY, kS
VYA, BEEA P e v F U A, FRERTWERTFORECEVTED b, i, —BK
WA b e vF Y AWBOARCAGCSRABE E LT, FELTHB7 ve=v A
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EREES VY AT ERAGDR, RIGRELTRMETH D, FERO L I cHRE KT
BBEELERIL - T3,
AEBRCETHBORCHREA F v vF v AW EEES DBERO L DR LV EKREE
DEBREMETHOLNIHEBEA t v vF v a B FO—5ICoWT, KEEBEOBRN
WX WBREL, FEREATRV, ToRBC oW THEEE L,

3.2.1 YUELIRBICETIHBHOBHEIC LI TBIE

WEEA P e v F v AR O ARSI, MERAOEE L KICHENE D, BE L RIGE
ER—ETH D, Lichs T, EREHEC L - THEL OB 1 ELR TS, 2 &
TlL, FE L BHHFEEDO T oWT, WEFIOFE S L & RN aHEEL L
TRRLE.

(1) HB7-E=ILLELDRE

WBHFICHBE 7 ve=v 22 AV TBONRHEBA e vF v AR F OB EBE H
%, FIGFHREL, 2, 4, 6 REC>LWToL0% M3 AL,

(e) (d)

Fig. 3 Optical micrographs of SrSO, obtained by the reaction of Sr(NO;),
and (NH,),S0, (1:1 molar ratio) in aqueous solution at 100°C.
Reaction time : (&) 1 hr., (b) 2 hr.,, (¢) 4 hr.,, (d) 6 hr.

336, ML, REEEOBECH»bLFHiRORBREBRBEFOL 5T, K
IGERIC X » THTFO KX SIE LY, KIGHR LR, 6 10 X304 figo k¥ 0¥k
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BRI FH3% CAEBLL, ATHACY, WL ARLERB-S VY 2 LEALIYE R AW
BLTFWR- TER LTS, ¥, COBE, RICHHEN 6 FHERL B LHFOKRE
AN I5u BELL ), 1HMO 30s BEX /IS BBEMICH S,

T, BIEROBREREE O ERE L Ak, RCRHEPAR (s Th, BMKFOFELR
BDHhB, Thit, FIGAA v ERPCILBFL N £ 5 WBFIORFTRES
B 7 D RS O — M @B E RIS L 5 MK FOoER R Tiabhbicd &2
bhs,

(2) WBAkETE-YILICEBES

WBHICHRBAKE7 ve=v 22 AVTELNLHREBA F e vF v 2B FOREY
B4R,

(e)

Fig. 4 Optical micrographs of SrSO, obtained by the reaction of Sr(NO;),
and NH,HSO, (1 : 1 molar ratio) in aqueous solution at 100°C.
Reaction time : (a) 1 hr., (b) 2 hr., (¢) 4 hr., (b) 6 hr.

K42b, X3 &ABERKEKREORECH» L THRBR TOAE X1, 201 7T,
TR OIEY LR RS AR LTE D, —HBRiEHHCEMR FNER LT
HONBHONE, 6 HERIGCES & 0 BEOEF MR T ERL, IHK T L £
LTWBDhRDOND, ZOBE LB FOFENRDON S,
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(3) WBMF FUIALICLDHE

WBREICTHEE T PV Y 2% BOUTCHBORERE A b e vF v A B TFOREY A5
T,

(e) (d

Fig. 5 Optical micrographs of SrSO, obtained by the reaction of Sr(NOs;),
and Na,50, (1:1 molar ratio) in aqueous solution at 100°C.
Reaction time: (a) 1 hr., (b) 2 hr., () 4 hr.,, (d) 6 hr.

R 56, RERKEIEL LRMOR T, 3050 fiEOEGIERE AR LT
WHD, RIGHEN AR5 & 16506 20 BEORE I LD, 6RHEKRD L3
X 00 BEOCEVRAHE 00 BEOIMKFENBEERLTIHL 51D, RIS
BRINEL A L s THEET v £ =7 ADBAED L SR FEINZLLTEH,TL S
DOHRED BN B, ZOHESBHRTFOFELBDLIS,
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(4) BWEBHUILICEBESE

UBFICHRS VY 2% BOTHORCHRBR A e vF v A WK TOWEY 61
Y,

(e) (d)

Fig. 6 Optical micrographs of SrSO, obtained by the reaction of Sr(NO;).
and K,S0, (1:1 molar ratio) in aqueous solution at 100°C.
Reaction time : (a) 1 hr., (b) 2 hr., (¢) 4 hr., (d) 6 hr.

X6nt, R3INHEL LHE~5E, RERTOWEL, EHFERTHE ERL, I
R FEORFOEMIUTE A ERD b, ¥, X5 DEE LR, KISHERN
AFEIM DO FMEREL AL, X200 BEOKREI LAY, I1KMAH2HMEOE
BRIRIED 30x30u BEL D/hEitsTwb, LT, THINXIRS u BELITOR
Foi% L ERL, 2FMTNILEAERACHD, ZOHE LMK TOFEILRDbh
%,

— 296 —



BR  BROFBENBAC I AHEA b v v Fy A OER

(5) HBTY/RIILlCLZER

WBHICHEE~ 742> 7 22 ACTBOhCHEA v vs v ABRRITOEEY B 7
IZRT,

(b)

(d)

Fig. 7 Optical micrographs of SrSO, obtained by the reaction of Sr(NO;),
and MgSO, (1 :1 molar ratio) in aqueous solution at 100°C.
Reaction time : (a) 1 hr., (b) 2 hr., (c) 4 hr., (d) 6 hr.

K76, = OBESICKREN L, 288 EENCISEOEREBE T, X6 LF
¥E 30X 704 BEOKRE IR FHEKL, RICHHEN4HMER D & 10u BE DI
DN TFELER LT 5008 BHbRS, £ LT, KIGHEE 6 M s &I
R FREHw/hxieh, 2x 0 BEORAMKFNERL, MFRXL&EMT/hX
{TtoT B, 2T, RIGKRHENL, 2EMCE O WRER THiL B & Otani @
PRLEBOIEC LD X 57tk F7213  SUHROBRIRD & OMES L LR 4%
BiR TR,
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(6) MBAEIYALICLDESE

WEBEICHEES F 3 v sk AVWTELRHEEA v s v AWK FOREY H8
[canes aN

(d)

Fig. 8 Optical micrographs of SrSO, obtained by the reaction of Sr(NO,),
and CdSO, (1 :1 molar ratio) in aqueous solution at 100°C.

Reaction time : (a) 1 hr., (b) 2 hr., (c¢) 4 hr., (d) 6 hr.

R8»nb, ofg, H701, 2HHARIGOBECELIIC L FEROME 123
AR ORLALARCH > TARLEFEOTEC LD X 5 AR F 2 X gtRe { &
WROBHIREFABRCAR LLEESENE AR L TE Y, RIEKHEOREC» b
LYREDBND, T UL TIHORFIL, hboRTFLIFICAR LTV B51RDBR
B,
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UBECREB AN Y T 22 BCTELREREEEA b v v v A RN TFOMEY H9
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(b)

(d)

Fig. 9 Optical micrographs of SrSO, obtained by the reaction of Sr(NOs),
and CaSO, (Saturated) in aqueous solution at 100°C.

Reaction time : (a) 1 hr., (b) 2 hr., (¢) 4 hr.,, (d) 6 hr.

ROpb, ZOBEEOUBFOHEL chETCRTFLELDERRD, IIHLESH
T, Ehitk, EEGORTFNEDLRT, KCP G & 2B 0EiERG (B
BIS) B WTAERLLFERECHECEMRROEE LT\ 5, TOAE 3L, RICKHO
RECHPHLT I0X 102 BEDCREBH—TRLOTH D, DBE L BIE TO FEMN
BdbhB,
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(8) RL77 :.BZRBVIEE

RBFIC AL 7y § VEEE AV KCP HIGIZ X » THELhLBEA F e vsr T AU
KFoEY B 10 @i,

Fig. 10 Optical micrographs of SrSO, obtained by the reaction of Sr(NO;),
(16.7 m mol/l) and product was formed by the hydrolysis of NH,SO.H
(16.7 m mol/!) in aqueous solution at 100°C.
Reaction time : (a) 1 hr., (b) 2 hr.,, (¢) 4 hr,, (d) 6 hr.

H10Hh, ZoOBER, WERHRESFECAREABICH KRR+ vAERTS
7o, 1TRHERE TR, REX 104 BEOITH—REGCRAGMRFIUERL, AT
B R TFORE ZOGHINI . AN Ty I VEROIKSBIICH L 4 Fefl], 6 B
MRS &, MICER LD $ ¥ SREMCKHENERL, KR T305,15 404
BERRD, £LT, FEOLSWENMRIIED DX b REMRIED 0oV NE {5
MM TOERL DOWIY, B, EEHREOERLVORFOERIED L
nigho i,

ek, An7y I vEEYBAWCEERERGCET AR, BEQ TR,



A REORBELBRAC L 25@BA b = v 5o R BOLR

(9) BEREOHE

MEE#EY TebTCER CAER LCRBFAOBEC X 25 A b r v F v ADHE
B 11 wRT,

IR

Fig. 11 Optical micrographs of SrSO, obtained by the reaction of Sr(NO;),
and various precipitants (1 : 1 molar ratio) in aqueous solution at
room temperature.

Precipitants : (a) H,S0;, (b) (NH,):S0,, (¢) NH,HSO,, (d) Na,SO,,
(e) K;SO4, (f) MgSO,, (g) CdSOq, (h) CaSO,

R1l b, BEBTERLEIMAL, REBE7ve=vis, RBKET7vE=Y L, KEE
FrVU A, BB~ IR Y T A, REES F 1Y A% HERAE LICBERRD bR,
SHLRBOBFO LD L VEMTRKEVHRCH D, BilE» ) v 2 0BEXESAH, W
if= %oy a, BEEA VI 720330 CESEENERL, RBILY Y A
OBEREROBEH LHCERRE F2AEELTE D, TR LnEERLCEaES
N EBOHELRLT5C Eibhh, T, MFEOKRE JLINEERE LSS
IO &L e THEY, HFRIMEBBETAIZERI-TARTRZ LMD, LI
NoT, ThhbBBERIGL D LINRRRC L > TRTFOEE L RERENKRE L
T BT Ehibnb,
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3.2.2 ALT77 ILEBEFRAVCEBERGCST 2 BT E
(1) YL F L HEDES

BHR® 0ksic, AV Talrvod ﬁr%ﬁéﬁ@xrmv%oAmﬁﬁ%m,m
TNy AR AR LB A Thh 5 7ed, 2 ORER-S Y v ATk FOF &
Hf,m@xrn/%WA®¢@ﬁmfﬁbh%;5kk%mm@h%m$&%?,Em
LB, THIHRE- Y v 2B FERURTBERL, TOREJT 04 BETH
Dy, FHuoREIOLDITER LIS o, LrL, AU T A4 vOEKFEIDTL
B LIk s T TOWBK FLKRE {/eh, BBA e v v B OEREI S
bhTLBHL5Thb,

T OWE, BREEA b v v v AWBOR T, BEES Y v AR L FE UIEY LT
WBTd, FORINT TR, T, FRT, HEHCHEBA b v ve v A WEAEET
BE R XBEPTT X 0 ElAe, #iRe 12 2o XBEITRIEL R,

1)

ol IJ\.;\MM/L
| :
b Mww %\w

Diffraction intensity
)

(4)
MJAMJMWJ ‘\«MA'
0’ 30 40 50

Diffraction angle, 28 (deg.)
Fig. 12 X-ray diffraction patterns of mixed precipitates of SrSO, and BaSO,.
Reaction condition ; Reaction time : 3 hr., Sr(NO;); conc. : 16.7 m mol//
(1) Guaranted reagent of BaSO,
(2) Ba** 16.7 m mol//, NH,SO;H 50.0 m mol/{
(3) Ba** 8.35 m mol//, NH,SO;H 33.3 m mol//
(4) Ba** 1.67 mmol/l, NH,SO;H 33.3 m mol//
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12235, (1) OFEE-Y v AQEYTE—~ 270D 26.6, 28.7, 42.6 & (2), (3),
(4) ORI~ 7% HBET2E (2), (3), CRWELLEHEBEA e vF ¥ A0EFY
—27030.1, 27.3, 32.8FWHBNBH, (4) oEffE— 7tz (2), (3) DXi5K
PHECIRD LR L 5 THBHD (1) LREVERLIRBERLTCN S,

“hab, (4) OBETE, +5RE LB F XBEITT5 2 S X » THE
AbrvF T AOFEIRDONBIDEE LIRS, T, (2) & (4) OEFEE
6, MEEA e vF Y AOFEENRD b BTD, chboREE, HEE-Y v 4 Lh
AL vF U ARR, TERLTVBLDEELBRS,

(2) /AT HFEOBRE

$A A R IFEXLIH GO oBH B B 13 1R,

—t
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Fig. 13 Optical micrographs of mixed precipitates of SrSOs and PbSO, obtained
by the reaction of Sr(NO;), (16.7 mmol/!) and product was formed
the hydrolysis of NH,SO;H (50.0 mmol//) in aqueous solution at
100°C, in the presence of Pb(NO,),.

Reaction time : (1) 1 hr., (2) 6 hr.
Pb(NQ;), solution conc. : (a) 16.7 mmol/Z, (b) 8.35 mmol/7,
(c) 1.67 mmol/!
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Fig. 14 Optical micrographs of mixed precipitates of SrSO, and PbSO, precipitate.
Reaction condition; Reaction time : 6 hr., Sr(NO;), conc. : 16.7 m mol/!
NH,SO;H conc. : 50.0 m mol/{,
PbSO, precipitate weight :
(a) 0.30 gr. (non reaction), (b) 0.30 gr., (c) 0.15 gr.,
(d) 0.03 gr.
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Fig. 15 X-ray diffraction patterns of mixed precipitates of SrSOs and PbSO,
precipitate.
Reaction condition; Reaction time : 3 hr..
Sr(NO3), cone. : 16.7 mmol//, NH,SO;H conc. : 50.0 mmol/ /,
PbSO, precipitate weight : (1) 0.30 gr., (2) 0.15 gr.,
(3) 0.03 gr.
(4) Guaranted reagent of PbSO,
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Formation of Strontium Sulfate by the Various Kinds
of Sulfate Precipitants

Yukihiko SUZUKI

Department of Environmental Chemistry, Yamagata Technical College

The pure strontium sulfate was precipitated by the reaction of strontium ion
and kinds of precipitants ((NH,),S0,, NH,HSO,, Na,S0,, K,SO,, MgS0,, CdSO,,
CaSQ,) in aqueous solution at 100°C. These experimental methods were the same
means as our previous papers. The concentration of precipitants (expect CaSO,)
was equimolar against the strontium ion, respectively. The amounts of strontium
sulfate precipitate deposited and strontium ion in aqueous solution were also
determined by the several analytical methods reported in the previous papers.

The deposited percentage values of strontium sulfate precipitate obtained by
the afore experiments represented the high yields (almost approximately 86%)
through all the various reaction periods.

In the case of sulfamic acid as precipitant, they became very large with increase
of the reaction times and the concentrations. Therefore, these values obtained
afore by equimolar reaction were smaller than the former values, but similar
values to the case of the former were obtained by double molar reaction and at
the long reaction times. And then, the former values were compared with the
deposited percentage values of strontium sulfate in obtained precipitates by KCP
reaction by using of the various carriers (barium ion, lead ion, lead sulfate
precipitate).

The growth process of particles of the strontium sulfate precipitate obtained by
the various kinds of precipitants were observed by using of an optical microscope
and photographs. The results obtained by the microscope showed in micrographs.
The size of both particles of strontium sulfate precipitate obtained by this experi-
ment and KCP reaction experiment became very large with increase in the
reaction times.

The shapes of the former particles were observed various shapes (oval, rect-
angular, lozenge, hexagonal type and spherical gathering type of needle- or
wedge-shaped particles). On the other hand, almost all shapes of the latter

particles were observed as clear crystals of rectangular type.
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