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Table 1-1 Properties of the main allotropes of sulfur.
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Figure 1-1 Formation mechanism of insoluble sulfur.
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Table 1-2  Sulfur solubility in rubber (g/rubber 100g).

Temp /C 30 40 90 60 70 80
NR 1.19 1.55 2.06
SBR 1.28 1.80 2.52 3.45 4.60 6.13
SBR+CB(50) 1.19 1.72 2.28 3.01 4.02

-

Figure 1-2 (Z Sg &, IS Okt DSC HIEZAT > T2 A~ T, STl 96 CHHEIC
Sanb S B OEBICER T 2R —2 | 120°CHHTICRAE (S B 1D S A IZER/) ITER
FTHWMEE—2 | 160°CHHTIC Ss DBIZUC LR~ —(LICEF T 2RI — 7R A b5
59, = CLUIS 1F 120 CAHE IRl I TR R 2R B — 27 | 130°CHTIEIC Ss OB ERICE
KT HFEE— I NRELIL 7, S & IS 1E, TOREBNRRDHENRINTND,

1.000
,IP\\\SS ﬁﬁghjz
0.000 |— | >~
.' Vo
-1.000 |- I,l
,' R)<7—it
-2.000 — \ | _
Sa—SB i IS B
© s000 - -
Bx¥%
-4.000 |-
— SefiE
-5.000 |-
R FEERE
-6.000 |- SB ﬁﬂ}ﬁ U
: I I I I I I I I
80.0 90.0 100.0 110.0 120.0 Te1"?£.gel 140.0 150.0 160.0 170.0 180.0

Figure 1-2 DSC curves of sulfur (Sg) and insoluble sulfur (commercial product).
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Figure 1-3  The most stable structure of sulfur (Sg) and insoluble sulfur.
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Figure 1-4 X-ray diffraction patterns of sulfur (Sg) and insoluble sulfur (commercial

product).
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Figure 1-5 Schematic diagram of rubber vulcanization reaction.
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Figure 1-6  An example of an insoluble sulfur manufacturing process.
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Figure 1-7 Changes in retention rate over time due to heating temperature of insoluble

sulfur.
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Figure 1-8 Factors affecting thermal stability of insoluble sulfur.
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RECIE, ISONE, K OBEEWLZSET DO, ISOFHRUTARE TR B2 AV
T MARREOSRMATEA EZHTEITED | RENDIS~DERHRER S | [SOEZ E MO 2
FEL T, ZOMEE MLz, SOIZ, ERETRIEICIVED IR ICx L
T, BBV AT S 7= BE DS HIS~DERHAZR D ZEALCISOENZE B M D ZE I DUV Tl
5,
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2-2 EBRFE
2-2-1 RBHERL

FEBRITIT, B EE (S, BBFS VA RN th) | 90 3 (BIRRA R k&) &
FTNENHAW, EHORFEMEI)ELTE, o7 ob EX(CHEF T EKRLS
) W, DU, A O R EMER A 1S (RS LR T D, Ss% 130°CITINEAL 72
RHET, IS FHOTUINDORERILL TV REFERBM, BELIE, ThAEIRETH
HL, BONERDE IS LVRL T, EOMMA R (550 71T, 48 Ayva, B
% 0.29mm) L7=b DA R E 5k A ORE LTz,

Figure 2-1 |JIARIE Sfh R 2EE OIS XA =3, 220°C CIEREE U5 7256 D ERR
BERREFILL TS, EHERT 2mL OV ITES$F (FHO RS 19G: AR
0.7mm) ZEEELICb DEFER U, BFERICIZT AIREFEHA L, SV U#HO LR &
FEROEEREIL 6 cme L7-, 60°C CEZEF R4 5 FFTTo7-Hi 8 (& Tra v 3 20 ppm) % 0.5¢
BFEL, ZhEV U PICAN T, b—4—& AV TRBS B 72, YU PO Sy DIREITIER
fll BE B (MRS IR G RUVERT) \C I DIIE LT, WAL Ss A FTEIREE | L= 2 L4 HeRR
L7tk mEEIREES VT 16kV OBEZEHN S EEBIROBICEIINT 54 MR
HPNESEOSEHNOE L, EBERO FICERLE, 7038, 260 CLL EOERNRE T4
TABEIE, EIINT HBEL TV & L7, IS O TEAFEICBO T, AREZO SIIRE
DA LR THDHILNG, FIED S TIBEIET 5282 k> TEILSE TV D, A%
(23U Ch T2 BN R G I HEC € BB MBI BRI L ¢ BB IR Rz I8
BE(ADVANTEC, DRM320DD)% VN T, K& F T 60°C, 90 /OB 21T o7, 1FHh
TRRMER I 382 ST(ARIREE, 90 RIRINE) LKL T 2D, ZOFI CHRBL MR IT.
Si(220°C, 20ppm) EREND, A, REtEAT o= BRAG R B O EOERIRE L #~0
AU FRIFINES . Table 2-1 (2K FLT D,
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Heater Gla'ss
High voltage syringe

Fibrous sulfur(Sf)

Collector(Aluminium plate)

Figure 2-1 Schematic illustration of melt electrospinning apparatus.

2-2-2 FBROOREMERR~DBHBORIE

Ss 5 IS ~OERHAFR T | JFUELD Sginh IS ~EERasN - EREOE|S, SV HEFE
D Ss DEEIKTTD, ERLTIZ IS DEEFIE ThHD, b, RIIED S ZFRT2HOIZ,
FifbiRSE (F9 100mL) (2&2 Ss DAL (25°C, 10 3 E)EITV, T ORFEEND, K 2-
LIZHEWN IS ~DERHLRA B H U 7=(Table 2-1), 7233, Ss D ZHiALIRSR ~DEREE T, 24.2¢
of S/100g solvent(22°C)" L#EEHLTEY, Ss i, ZOMHLIRIZIVREN S B RITPRES
NTNDEB X BND,

AR (%) = W,/ W,X100  (2-1)

Wi I R R R ALFRR OFRAFE B, Wil d Rt R 33 AR Al ORIk 35 (S) D=
%ffﬂ_‘_\ﬂa—o

7B, SRR, IURIRINE) I L C bR R IO AR AT 72 % DIS%
Sins (FERNELEE, IVRININE) ERFLT D,
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Table 2-1 The experimental conditions and results in this investigation.

Sample Molten Addition Conversion Peak Thermal XRD FWHM
No. temperature amount of temperature Stability
lodine in DSC curve

T ppm % T % deg
1-1 220 20 25.7 108.4 8.7 1.5
2-1 240 20 30.3 106.4 5.7 1.6
2-2 240 50 31.4 111.2 15.5 1.4
2-3 240 100 35.8 111.0 14.9 1.4
3-1 260 20 35.0 105.3 4.5 1.0
3-2 260 50 38.4 110.3 12.9 1.4
3-3 260 100 35.8 110.7 14.0 1.3
4-1 280 0 40.4 107.3 6.9 1.3
4-2 280 10 38.6 109.2 10.3 1.3
4-3 280 20 41.2 103.9 3.4 1.4
4-4 280 20 38.7 109.4 10.7 0.9
4-5 280 50 48.2 108.2 8.3 1.5
4-6 280 100 47.8 103.4 3.0 1.5
5-1 300 20 42.9 100.9 1.8 1.8

2-2-3 DSC HIE

DSC JBIEIE, DSC6200 (A 3L/ AT 7 AT A) 2 BT, IE S8 330) E 1R EE %6 60
~140°C, B 3°C/min £LC, R 5~6 mea 7T AIMOBE FERICLVEZRFEHK T
TRIE LTz, fEEMELL T, 73T (Bmg) 2 A L7Z, DSC &L, AP0 A TR AT
~7=(m.p. =429.6 K; AH=28.54] / g),

2-2-4 XRD HIE

XRD HIEIZX. Ultima IV Protectus (RIGAKU) . Cu K a#f. 1 =0.154178 (nm) & HW
T, PIESEMIE, BEE 40 kV, BEE 30 mA, EEHE 2 (deg/min) LL7Tz,
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2-3 BREUOEBE
2-3-1 REMERR B D B\VE E M 5 (F Sl L

IS DEEZ TEMEDFEAM I, — XA JISK6222-1 [ZYEHLL 7= 51 (LA T . EREE) ICX0iTh
TS, 2T, M AT 1S ZHEFEL T, SATREN ST 7 > ¢ 105°C, 15 4y RENER
L=tk Wi bRFBICE DTG EITHIZE T, BN L > TARR LT Sslifi# (So) BrEL T, &
TR E (IS) ORGFEENOEFRAEHL, ZOEICKVTTO IS OERL EMZFHET5
FETHD ", ERERRIEICEDELND IS TRV & THHTD MDD 1S
EREICNELTLREOEAIIRECHL LMD, BIOREOREEZITo7,

IS DEVE EMZ T T 28O FIELL T nZEEERE (DSC) Z AWV D FIENHES
TG 7 T, IS 23k LT DSC BIEZAT S 72BRIZ, 90°C~140°CIT A BB K
OFEE"— COFESEE VT, WERIEICEITS IS OFEFEREOR L EAT T2 S TH
D, —EOHBENELNLZEN MBS TS, ZOFTEIL DSC #ifRICE — 7L E4T > C
O TOUENDY, B EBIENLETH LD, DSC OF —X%& iz, JOfEz
FHIEA R ETL 72,

PEFIEIC LD BN TE M2 3 AT 7 A O T IR % VT, DSC BIERF DR B — 7 OB — 713
BELERIEIZ LD RO T2 IS OBE EM DB AT EL /2L A, Figure 2-2 [T $ 1912, K&
B — 7 O — 7R (MR ED) Ol | TERIEIZRR DT IS DIRFROMEE LT
HOOMITIE, RWAEE (7= 0.978) B RO, ZOXH7 RGN IZEBITLL T O LS
IZEZHND,

TERAEIZ L DBZ TEMEOFAT 1AL, —EIRE T, —ERFFNIZ, JTTO IS DEEND., S
IZRSTEMBEDOEELZLS W TEHMEL TWAZEND, IS 75 Sy IZRED I I ER LT
Ss EITHHNL TR, BALR B0 D Sy B EE —ERHIE D LIZb DI 5, 22T IS
HFOBENAEFEY 720D 1S O TEPFHE CEDLRWHRE T 5L BT ORIGEE
EEDORH, S IRLTIIRTFTD IS DBEEZRD CNDHEE 2 IS, —77 T, DSC #IE
THNLE —Z iR, dH/dt(BALRFRH 720 OB BHHVNIR B E)DELER L TWDHE
E2O, RICBBIEREZBE DL, DSC iR X—AT7/0NH TN TN EIZRY), Z0
FH(AH/ dOIFEAL R 7= 0 I RS LT 0 F O HBIL QB EE X BD, fiE> T, DSC
BARO T IDMEELIREAMRNEE | S5 ICED G ZVRF L, RS ESHE T2 2805
RS ES JVRIR CTERICET HEE 265, UL EOEBND, B —2REIMEV IS 13, B
B TEMEDME NS IR D UG DNE N EHEE S LD,
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AT T, ZOFEIZHEST, DSC BIEIZLVRD 7= B’ — 7R FED 5 | Figure 2-2 O[]
IREAROEAE N T, FE D S, OFRIFFREZEH L, S DRAAZ EMEORM 21T -T2
(Table 2-1),

bility /%

Thermal

y = 2.89 X 103%ex p( — 3.03 x 10*x)

2.58 2.6 262 2064

1000/T /K

Figure 2-2  Relationship between endothermic peak temperature in DSC curve and thermal

stability of insoluble sulfur.

2-3-2 WRESWRIBICIVRAMSN I ABEREOMIR, #:E, KU R

ARIEIZBWTC, IBEE T RIEICKVFARILUZ St KON S, DINFEBI B DEL T, AR
B 280°C, VR USNNE 20ppm OFRELE T L7 HH AL T 5,

S:(280°C, 20ppm) DIEIRZ . SEM Z AW TELZE L T-#E 54 Figure 2-3 |SR T, #2454
WCHEIETDHDD, A EIT T2 EBRSEM T, W o S OMKERS. 20 u m F2E T, S
DOREEILRLUTEBET DL, REICETOMIMNG DI LRI,
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Figure 2-3 SEM images of fibrous sulfur, S;(280 °C, 20 ppm).

RIZ, IR X AREHTXRD)EIE L ST, Sins DIEEDFER AT 72, Figure 2-4 (2, Sin
(280°C, 20ppm) . K O LER D78 1S (TR &) O XRD HIERE FA T Sis & IS (HTBRAR) D
BN L TWAIE, RO BEHR " 1S O XRD B —ZEHIFIE—FKL TWDIEN
b IR E T RIEIC KOS NI EPERT B8 (Sie) O FEARYEE L, BH O IS L% T
HHIEETER L, IS OFEERE —IOIRBIZOWT, BBl “22E 1L ¢ KPICEEHL
2o FT2\ Sis @ XRD /"F—UHIZ, S ITIRBINAE =N E ENRNIEND | il
(LD AR IZ L 5T, Si I S VFRIFL CUVRNWZ LA TRERLTZ,

Intensity / -

Figure 2-4 X-ray diffraction patterns of Si,s (280 °C, 20 ppm) and insoluble sulfur

commercial product). Cu Ka as the source (wavelength A = 0.154178 nm)
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WIT, ENENDOFELD XRD OBITEFEFRZ T, S ZHBRL T DR B SH OB A1 P2
FHEL 72, XRD Z VT, i 5 Bk St s o0 F OBL 2 FHE 35 FiEE L CL X #RIEHT
v — 7 OHAENEZ AV CEL A EA R T2 FIEPRESN TS Y, ZOFEEZSEICL T,
ROBEDEV20 =227 OEIFTE—7O¥ERZ BT 2ILI2EoT, S DBLFEDFE
fifiZ- 37+ 7=(Table 2-1), S DFHRGEEIIELT T, FEME OO HERINIZb DD | #hKEF
DEEFRIRERIY ROWMEITK T DR EMITB RS20 o7, ZOEBLL T,
B E — 2 DEFFFRE MR LMD, U T L ORBICEDIELSEDEENE 2 H5NDE
DD, RHFFETIIBASLICT DRI TE R DT,

WIZ Sins DBVIMEE ZFHRDT2D12, Sins D DSC JIE AT 72, Figure 2-5 (2 S, (280°C,
20ppm) , FLEEDT28 Sg. K OVIS (R &) 00 DSC I ERE B2 7, Sy Tik, 96°CHHTIcst
FRHE S a PHEAITE S B ~DEBITE R § 2R B — 2 | 120°CAH T (S @lg (RCR i 5
S A DIERBOIEER T W EL — 7 BNENDEHRE ST, IS 1% 117~125CITE DRtfRIC
FER 2R B — 7 & 127~134°CIT Sy DB ERICE R T 58 EE — /03 g S b L8
S TUVD ", Figure 2-5 72HBABAREDIZ, S (280°C, 20ppm) D DSC B —21E Sy DE—7
SRR ELSL R | 1S (IR SV FIZFHREE SEI SR B OB B — 7 387z, B
L OFERMNS, TEREE RS RIEICEVFARIL - S0l X 1S (FRER L) B O B F 2R
EDHERRS T,
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= thermic
Exothermic

I’IOOO o

70 80 90 100 110 120 130 140 70 90 100 110 120 130 140
Temperature / °C Temperature /°C

Insoluble sulfur
- : N
(Commercial product)

=elthermic

80 90 100 110 120 130 140

Figure 2-5 DSC curves of sulfur (Ss), Sis (280 °C, 20 ppm), and insoluble sulfur

(commercial product) .

2-3-3 WRIESWRIRICIVRBM SN A B R O R LB E M

Figure 2-6 (V&R E 5 -4 REO BT VAR E L [S ~DOEEAZR ORRA R T, hit SHVA R
REZETDHIELITED, FEDD [S ~OEMRENF IR E M A FER ST, Steudel ©
VX, VBRI ORE R ~ — O BITE ) FRITHES L, Fit s OFEREE O LI
TSu DEREPHEMTLEREL TND % 1T IERIBE NS W RMAE T CORERITE
21TV IS THD S NESEALTEY, BRM ARSI TEFICEMLIZ SHZBNTH, IS D
KRR CEAFT DI LI T BMERNERDHEEZDND,
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2
200 220 240 260 280 300 320
Temperature / °C

Figure 2-6 Effects of molten temperature of sulfur on conversion of insoluble sulfur.

Figure 2-7 12, JREHZ WA E ~DOIAT RIRMEL S\ OBV EMOBRZ R T,
IREDENCE ST, BADHEMMAHERIILTEY, EEIEE 240CHDHU ML 260°CliBNT
I3, IUVRIFINEEZE T LT, IS ORLEMN GBI DEIAALLT, GUFRIT IS OFYGE
IZADZET, R DOTUHNVEEFEEL THY, IWENEE 240CH DN E 260CIZHB T
X, B EMEOBRERICH L ERTOMET Vv E IURNEIE T8> T MK
BEHOGIEN - TEID S ISR DRISZMf 528 T, ZOJIRMEMITe-TLBE 2 bR
Do 5T, ERERE 280°CICIBWTIE, SURIKRMEAE T LTI, HoNd IS OEE
EMEMMEL 2 DE RN AHIZ, IEENEE 2 B 280 CIZBW T, IV RICLHMET W
VO NTHEREL QRN b e B 2 HID, i I XIERIRE DI U T, R
BROGFENE(LL COE, SR CIIAEHE S UM S CHERE 2V B #1380
THIEPRESICNDLIEND 7, TEREEE 2N LAY E V) 280°C CRRABLE L 1S 1%, AW
WMHEENZLERT T HILE TR EENMERoT2EB 2 BN D5, LLRRD, aURRINE
EOFRBIMEIZDWTIE, S EIDOEBRNLITIAfERFR B 2O TE o7z,
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Figure 2-7 Effects of addition amount of iodine and molten temperature of sulfur on thermal
stability of insoluble sulfur. The numbers in the figure indicate the molten

temperature of sulfur in degree C.

A BRI S \TOW T, Z OB EMELERE ORI Figure 2-8 IR T, 7285,
HORHRA UL, AL THIGICH DG G IS ISR THIfFS D BVE E
MBI Ss D IS ~DEREER D R ENREL R TCND, 7238, BRLERIZ OV T, el
O SCHERE <0, BEH ™ ¥ OVERFTE T O S u OTFELFEEZSE|ZLT, Figure 2-8 b, #x
BRIZHOWTUL, ZLORBDPFIRFESNDTEIC A S TWDE DD | BVEZENEIC OV T,
HHESNDEIICAST-REHITEE LR W2 ENER Iz, — 7 CL 838 40% 2L Lo
AEHT, 2T EMD 10% R THHIEND, IS DAEKBFHCBW T, EmWEEREL &
WEVEZ EMEA TN T DB R A R e ZhiT ke o7,
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2-3-4 BRI RBICXVRRMEIN - ARBERE DR BRI L DR E L BE EHD
=it

BER LB ER IR T D LI Lo TRt AR 55 EL LT, ERIEE LT TEL
B2 HENMON TS, FlziE, A 28WHE 4520, — TR~ —8#ngh&
G <72 CERAIDSE Y, 5 CldiE s O FREEN LT Do o7c FERT HIERAFE
BRRICEL D, FEEREE DA BT 52 ENHESI TS 7 IS IZBWTH, R EVLER X
STESRMHER)~—OFEFAE D fEabEOm Bk TEEEMERE OME N
TALTHZEBHFEIND, 22T A EFRLE S, OH CHER SRR, S EnE
Rz S{280°C, 50ppm)%& AV, LR IR I I D HHALERRTOIREE (Si & Sy ENRA SN
ToIRER) CEVLIR (LLth  BEBMUIRL KL T D) BT oTBED | Sis DERIASE LBV EME D
L& FFE L 7=, Figure 2-8 |2, %EVILHEIZ LS S (280°C, 50ppm)EH KD IS (S (280°C,
50ppm)) DENZZTEMEL LR FIMHIC L RO I linifa s AR 3, BREVLERIC Lo C, s
D35 IS ~DOERENME T THH0 0 5515 IS DIV EMENERDMER DA DI,
Shao B3, T LRDOTEREZ A T HIEME DESIRILERY ~ — 2L MET 5281285
T O FRICBOWTHRE#ES OIS T, ROMEHF AT O A T2 LICEbMER
JRe W EENERL T D2 EICLD Ss TR RIS ZHZ LA HEL TV %, FitsEH
O RIFBALEMDO EFITEEYE L., BALIZED SsTERRITERIR RO FICE Y 562525
D, AHFFE CHREBVFREZAT 72 IS 1BV TH, S FRNTEVMEHOERE L, BV AHE
BHOBRILICED S TR FERICHEITT 5L T, SR DK T LBV EME D LR A FRHC
fFECNDLEHESND,

7B, BVLERIR LR A 2 72, 90°C, 1.5 KRR, KON 70°C, 16 BERE & MBS
T% 1S DERRELBE EMO LA i35 L 90°C CHERFRILIERD 553, 70°C TRERFH
SUERE WL C BV TEMED B2 5b D OSSR MR Ar o7, BREVLIROIRE N 20°CE
WZEIZEA T RWEEEOM R L EWIEEORIICED SsTERKD ., W5 ORSHE
WHL 72 DEBZ BIVD, LLEDOTEND | IERE TR %D SICE ENLIRWVITEHSE N
HEBEOFEER G, SVIRZ DLHHHE RS REVLIR DR E LR, IS HOREHORH
FOBRORREICEEE B2 DL D EHERIND,
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® ® Before Heating
5_1 46 4-5

Thermal stability /%

Figure 2-8 Plots of the experimental results for thermal stability of insoluble sulfur and
conversion of insoluble sulfur from elemental sulfur (Sg). The effect of
post—heating process (90 °C, 1.5 h or 70 °C, 16 h) on both evaluation values.
The hatched square indicates required quality of insoluble sulfur for commercial

use. Number in each plot indicates sample number in Table 2-1.
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2-4 #ES

REETIL, IERE TR IEIC IS T Syt (S) 2 HFR RS AU RHER R 25 (S) A3 RVt
fiidg (IS) 2 & Lo 2 LR L T, SHIR L C R BIR RIS DM LR AZ1TH 2L C, Tk A & (R
UHEE A T2 1S BNMEONDZLEMER LT, T, IRRE SR E1TOBED ., S DIARIRE
LAVRIBMBLZZELSELILIZEST, HBOND IS OMENELTH LA MR LI, FF
(2 BARHRRED Syt ORRIREZ /< T 5L T, Ssb IS OERMENE LD L, B
FO Ss~DIVRIFMEBZIE T2 C FERURE IRFT 200, &FRMITIL IS OREE
PENELSIRDZENALD IR ST, Ss DTERRE | KNGV RIRINEO & Ffh2fE 2 FHRL
TAEER. Ss B IS ~OERHERIT | IS (TR ) LRIEREOENELNH DD, BV EM X
IS (THHR &) OB X HZ LT TEAehole, LinLenih, RSB R A5 R CHRILZ S i
R % OBBLIRIC L > T B EDMESENL T2 00 | BNVZ EMNE<EL T HZ LD HERR
SHLL ISR ) ISR WERVEZ EMAEE 95 [S WELNAZENHLN o Te, Sk, SHIC
$5 R S MEOR R B OBV S 2 R 52 8 C Erf SR LBV TE M O T 7 OB 235 e 3
589572 1S OFFENELL T RSB T R IEDICH CEDFTREME N HHEE 2 Hivd,
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B 3E RNEEMBEORBIUHEICLLIBLEMLINER D EOE(L

3-1 ¥E

RITEEC VAR E TR R I CRRBL 7o RYEMERTEE (1) 1238\ T, Rt bR SR IC RIS
Ss Wi 2 (Ss) & 0BT DRI, 1S & Sy DIR G OIRKE (LT, SO CL BMOBAE (LI, %
BULER) ZATHZ LI LT IS OB EMSCEIEN (LT 52 LA LT, I IE,
70°C. 16 FffE] (RIR R MFRI) <0, 90°C, 1.5 B (BR R OB BVLEE T, IS OEVEE
MEREL2D IS OEREMMELRDHIEDNHERINT . 2 2 SOMEAEHEICKITSH IS D
ERIR LBV EME DAL A 5 & | SR REE O IR D 75 DMK £ RER 0O L PR & g
L TRV EMENEL2Y, BRI HMEL /2> 72, Shao HIZLHHE TIL | IEE OE SRR
BHRY~— [IERLMBEITHZE T, D F RO E#EN TS, BEOREHEOMELE
WS BRAL T D2 8ICED SsTERAS, 43 TN CRIFEICE Z LS CEY | YARE R 4
ECTHBLESNZ IS I2BWTH, BBV L - T IS OFE#E O E LUK SRR EE T
WD LRI D, FTo, BREHOME LU OESIE, BEVLIEOIRE IS > TR
HEZZBND,

VBB B R 15 TRRABLL 72 SASRL T, 70°C, 16 BEfER°, 90°C, 1.5 BRI D% BALEE
T BRENRER T LIS DD, TAIEMEL THHICHLG G ICHIRSNDEVE TE
P, BRIRER O 54 R 5 IS 1IBLNeh o Tz, LnLensn, %EVLIE O & F2 LS
BHZEICE ST ERIREOIEK T A IMEI L2 6, BVZEMEZETHIENHRNIZ, EmVEL
TEMAFFO IS AEmINE THLNLIENIRFEND, IHIT, ZOBRBVLIREL | —H)72
ISOTEAFEDFEDLIO>THL, Rl ELSm T 551 “CHRB L S ISEA T 528
8o T ERRR BV EVEO M H AT R T2 1S #5528 IR, 1S O TEAFE~D
A RSN,

AETIE, BEVLHEORFE, R &l x2S, S5 IS ~OIRFEOE(LLH/ELN
72 1S DBEZEMOEALETAEL T, IS O T A FE I ML A HE A BV IR S GRE , B
) & B2 2 a2 a3 5.
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3-2 EBRFE
3-2-1 FBHESL

FERIX. Ss 400 mg 2N TAE (R AfET7 AR, 4% 5 mm) IZ AL, Figure 3-1 (2R
Eﬂf@fﬁ’_bﬂ”dﬁﬁﬁbf LU DS T ZAT o7, SN 120°CICFHEL T Sy D
A2 RERB L2121, 20 372 C 260°CETHIRL, 260°CC 5 4y MR L7z, Z DRI, HT
ZE & A0°COKRIBIAN TEML T, 15 DR L., 2617 OFEIOREBIIT LR TH
HTEND, B2 BOY T VHHBEERRIC, TEAEICBIT DB RS FICHEL T, 65°C

DOIEIRAKE (Y~ MR, BK300) 2 VT 90 4 MBVLER A1 TH - Lic k> CREfbSE 7=, £
DI, EEETR L BEE(ADVANTEC, DRM320DD)% FV\ T, K& F CRTEDIRESMET
IBMOBLER (ZO B M3 DBV A LI T | % EVLERL L) 21T o 70, BEVLER DS
% Table 3-1 IR T, F/o, BEVIRIREZ R CEEL, ZEM CEMLI-FMH4%
Table 3-2 |~ T, BREBVLIR CEDNAEL S (RBVULEE No.) ERFL T2, B, FH2E
TIHISTOTUINVEERIEL T, FED Sg FICITREZTRML TOZbD 0, KEDEER
TIIBR B DN RIS T RFEATI 280 . IV ROIRINIAT DO/ 72,

Temperature controlle Thermocouple

/ Glass tube
/ Furnace

Power supply AN

Sulfur

Figure 3—-1 [Ilustration of the home—made furnace for this investigation.
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Table 3-1 Post—heat treatment conditions for S (mixture of insoluble sulfur and Sg).

Process No. Temperature Time
C hours
1 1-30-1 30 480
1-30-2 30 960
2 2-40-1 40 480
2-40-2 40 720
2-40-3 40 960
3 3-50-1 50 96
3-50-2 50 240
3-50-3 50 480
4 4-60-1 60 12
4-60-2 60 18
4-60-3 60 24
4-60-4 60 48
5 5-65-1 65 5
5-65-2 65 9
5-65-3 65 22.5
6 5-70-1 70
5-70-2 70 7
5-70-3 70 16

Table 3-2 Multistep post—heat treatment conditions for S, (mixture of insoluble sulfur and

Se) .

Process No. Step Temperature Time
C hours
7 7-1 1 65 22.5

2 80 6
7-2 1 65 22.5

2 80 6

3 90 3
7-3 1 65 22.5

2 90 3

35



3-2-2 MEP DR BE~DOBERL | R R OBE DR 5 15

HEFHRLUC AW T 2E S, NERD S, 2B H LT, KB o —Fifk R #EGE 50 mL)
ZHAWT, SSOSDFRIED Sy DAL (25°C., 1 BRf) 21T\ FOEGEEEND, =
(B=1)IZHEV, Sg/b IS ~DERHAR AT H L7z,

SR (%) = W,/ W, 100 (3-1)

WAIF ZHifb IR B Z OFRAFE R, Wi IT Zhifb R FUERRTOELIRRR B OE &
T,

BB EATORT OB OEEHRIT 30~32% T 2% B E DXL SX MBS, %
PR D45 S (R DRI R O LA A LB B 7200 | 1 BVLERETIC I AEsHER | 472 b IS
DEIEZ 100 LT, BEVLIRZ IR T2 1S OFEIE DD, 2 (3-2) IZHEV, IS DU &R
DOEE (I ERAE) 2 ERLE,

N WA R %) =d,—1,),/1,X100 (3-2)

L%, BEVLIRETO IS OBEENDROONIERIER [T % BIEZ O IS OEEN DR
OO R A TR T,

THALRFICL A AR TEOSN% O IS & IS GRRLE) EREL T, B0 o
BR &L 1S Z 1S (il dh) LR T 2. IS OBLEMEOTEAMIL, 5 2 HITWEW IS D/REER
28 (DSC) HIE BT W B — 7R L | JISK6222-1° 128 1T HEVE EMEDOTEIZ (E& /X
—t ) ORISR (Figure 3-2) Z FHVVTITUV SR BVAIR R CHRONTZ IS DEVEE
A EE U %) TRELTND,

DSC BIEIZ DSC7200 (B SEANAT I H AT R) 2 VT, BIESAITRIEIREERH 60~
140°C ., FEHEFE 3°C/min L LT, o7 /L2 T N IBUEBE R |24 | BHEFFHR (K 50 mL
/ min) THIE LTz, DSC HEIL, A7 L THERZ1T 72 (m.p. = 429.6 K; AH = 28.54 ] /
g),
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Figure 3-2 Relationship between endothermic peak temperature in DSC curve and thermal

stability of insoluble sulfur.

3-2-3 XRD #IE

XRD J7E1Z. Smart Lab (RIGAKU) , CuK o FH#2. A = 0.154059 (nm) Z AT, HIES
PRIZ. BT 45 kV. & ERE 200 mA, EEHE 10 (deg/min) L L7,



3-3 BWREUOEBE
3-3-1 FABSNERBEMB OGBS

Figure 3-3 {2, IS (A& AL) & IS (R AL) O XRD /¥ — %9, 5 2 BABMRRLC ISD
FHERE—IORBERIEL, BT —7 N —EF 252800, IS (FARLE) OMEE 1S (77
B ) O EE RIS ChHDHIEMHERINT, £, ZHMLRFICIDHHIZE ST, Ss A3V 1S
(FRARLE) I8 FN TN L RERRS L,

IS GRS L) OBV AT~ 572012, DSC BIEAAT 72, Figure 3-4 (2, ISGA%L) | IS
(FEREL) . BEOURIEE (Ss) D DSC T —h a7, S lIFR F I S a M HHEAEITE S 8
ORISR KE T W EAE— 278 105°CHTTICB L, @RISR DB — 778 120°CHF
ICBNDEHRESN TG T, —FHC, IS(HTRED) 1213, Bl IR 3 2B — 728 117-
125°CIZEN, FEEDOFRRICIDREE — I3, 127T-134 CICBRNLEMESN WD 7
Figure 3-4(@I\ R4 2912, IS (FARLE) (X 113.5°CICR B —7 | 117.6°CICHEEL — 705
S, RIFFEOFIETHLILE 1S GRRLE) 13 IS (TR &) L RIS OB RHEZ R 2803
ST,

(@) (b)

(042)]
(0 10 0)
(352)
(042) _
(0 10 0)
(352)

Intensity / -
Intensity / -

10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
20/ deg 20/ deg

Figure 3-3 X-ray diffraction patterns of (a) Sins (preparation) and (b) insoluble sulfur

(commercial product). Cu K o as the source (wavelength A = 0.154059 nm).
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Figure 3-4 DSC curves of (a) Si,s (preparation), (b) insoluble sulfur (commercial product)

and (c) sulfur (Ss). Heating rate was at 3°C/min.

3-3-2 REEMRORZEN LN ERD ROBRBUERZMITI L

ST T ABBEVLIRIC - T, BbID IS IR AL 2R 572010, BBV DS
Al 4 28 % CIREAAT 572, Figure 3-5 (5072 S DEVEE E M K QU &R 2 O I E
& RA 7, Figure 3-5 Tl ftHhl R EVAIRIZIVEDIL IS ORVEEMN: (E&/X—ktv
) | BEHIC IS DINEPRDFEZRLTND, 7238, I DOIK A TERY D SSIVFERHEBIT,
I LHEELUTHGHICH T I5E . IS ICHIRFSNAEVE TEME (40%LL F) & TEEMICFFA FIHE
7R B 3 (L0% LA T) OFEFA R L CTND, 352 AT REZRIN & A SOV TR, SUEE °
0, BEH T OIEBARE T O S u OFEREESZ|Z U, Figure 3-5 71D ST 5% E)
RLFERIR FE DR B T AR (Process 1, 2, 3) | B (Process 4, 5) . — m8H## (Process 6) | IZ¥n
ST 3 FEIEICKBITEDZENRENTZ, LLTFIC, TRENOZEALOBE RISV TR
325,
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.=
Process 1 (30°C) I
Process 2 (40°C)
Process 3 (50°C)
Process 4 (60°C)
Process 5 (65°C)
Process 6 (70°C)

> O X & H @

10 20 30 40 50

Yield reduction ratio / %

Figure 3-5 Variation of yield reduction ratio and thermal stability of insoluble sulfur under
various post—heat treatment conditions. The hatched rectangle shows the

industrial requirement range of quality of insoluble sulfur.

Process 1~3 (B EVLHEEE 30, 40, 50°C) CiX. IS DIXERD E3ME RREN R FE
WDl 3t BBVLEIF A BT D2 TR EMNE L DERICH -T2, D5
HIC LD HBVAERIT, 1S OINERDZINHI L s, B EMEZBmDHIENFRETHY , R
W3ED B CHD, MR CEELTEMD 1S 2552 LICE KT 5, LInLaD, 2%
EMZEDDLT-OIITERF O%BEE S M ETHY | T CERINDHEVEL EME (40%L4
b)) LB O B R AL BRI, Process 1 Gl 480 FffE] (20 H) . Process 2 Tl 240 Ff
(10 B). Process 3 T 24 B§fil (1 B) LA EZZEL | BEVLELE EMEOIEERL2D, 1S
D THEAFEOBLSNOIL, REVLEIT 24 FFREIINICKE T 35ZENEELUZ8, Process
1~3 OB BRI X TN LB R DB SN I L 7,
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Process 4~6 (14 BVLFRIEE 60, 65, 70°C) Cl. Process 1~3 LILL TR EMEAE &
D LT\ B TR | 24 B LA O 1% BVLERIZ Lo T BbD IS DEVEZ
TEMEDS 40%LL EE72D, ULL7R030, 1S OISR/ DN CREZY | ALERRFRD 23 24 IRFfH]
LINTH, BRIV RN 10%% #4825, Process 4~6 2l T 5L, 3 DT EVLEE
RN T0°CEF D @ Process 6 1%, INERA A5 TRIEICHR D720, TEMITKDS
AR (KW OFEFAEIR) ICADFHEA R 75 1S 21552 LNTEAehyo7-, — 7. Process
4 KOV 5 TIE IS DULE A3 Process 6 (ZHRTELRD  BVZEMEDM EinH o2
Db, LERNTRO HNDFEIRIC ADFFEAEH 75 1S BN—HORETHLN, 2 60C,
18 BRI D% BVILFRAAT - 72 S, (4-60-2) 13, 24 BERILINOLER T, B 2R3 10%A1
B TEMEDS 40%LL E&7p o722 8nh | TR B G T 2R BL A D L CD L)
Wri7=,

3-3-3 T BYPE A BVLIRIC XA RIS MR IR O KM HI

BTEOBENCLY, TEARBEDEL COAHREVLESEL LT, 1 B INDO%EUL
T, R R 10%R3 . BAZZEMEDI 50%0 IS 25528 TEDH, 4-60-2(60°C, 18
BEf) 2 Rz, —FC, EXATA—D—IZBW L, AENFR LR ET572012, #1
YORGE TRICH T HAEER M OB RETSTERY, 20 1 &L T, BFIREL &R
528108 D, T AL 1S OIRMERF R OEMELASRET SN TWD, IRIEIRE OE R b2
R 5728012, 1S DB EME DS B 5 A v sk R O SND ATREM 385 ¢ 9, 2T,
ZNFETOMFHERICE SN T, INERADEOEINEH LR ERABL , RO % B
TT0%LL EOBWERZEMEZE T2 1S 2HRLZENFRER LIRS 2R R T D2
7

ARBFFECTRETLIZ S D% BVLERIC K DIN B SR CBVZE TE I | ALFRREFE O BIGR D b
% Figure 3-5 IR 9~ AMFFEIZIBWDTRETL IR BVAFR SO T, T0% LA EOEVE E
MEFF IS 215 551%, 3-50-3 (50°C, 480 B N &8 R 16.5%, BNZZEME 77.3%) O
B TdD, ZOZMFIE, 480 BER (20 H ) ICh 725 RSO BB EITOMEND D, Ik
12, 60% L LD B m BV EME A 1S 21555 1%, 4-60-4 (60°C ., 48 FERE I &
B 15.5%, BVZZTEME 68.7%) . 3-50-2(50°C ., 240 B : [N &R 7.59%, B2 E M
64.8%) . 5-65-3(65°C, 22.5 FEfH : X 19.0%, ZAZENE 64.8%) D 3 £ CThotz, =
DT, BbERBOSMETHD 5-65-3 ICOWT, BN EMLZELT L7010, BRoRMR
OB BIRAIT S T35 6 OB BV O 7 1y M RIRRIC, BV N ELRDI20E->
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T INERD BPEIFIIRERMEI2D ZEN RS, N REBNZ E DAL,
B D MR CRSND BRI D ZENTF RISz, SV DL, BEVLH IS > TAEE
PEAS TO%Z B X DR Tl INERD A E<2D, 72D H | 1S OINENRERALTL
FHELEZ BN,

Z T, BBV 5-65-3(65°C. 22.5 BffH]) ECEMLEIC, WHEEEZETLHIE
1285, BRI OEIRSBEZITHIZ LIS T INEBDR T2 b REHE N LT E
PO W ENFIREICRDEE 2 T2, ZOTFRNZE ST, VLR EA LV SR CITH LB
D% BILFE (Process 7) Z 7k A7, Figure 3-5 |2, Process 7 (Z{a > 7= BVLFRT% D 1S DX
R R ROZEMROEEZTRT, 2 BRETORBLIRIZL-> T, 1 BEREOZREULE T
I 480 BERE (20 B) BL EOAMEES ML E T -o72 T0%LL_ OBV EMA RO IS % 48 FFE (2
H) AN D% BVLIRIC L~ T, INEBD % 25% 0L FELANRSELNAZ MRS (T-
D). Moo (7-2 KON 7-3) Tl IWERA F 1T 25% L, EL72>T2b DD 80~90%EW )1m
WA EM AR 75 1S MELNT,

PLEDZENG, 65°CT 22 BB EVLIEAIT 721212, 80°CX° 90°C D RE[H D i IR LR
PITHZ BR P BRI C Lo T, HLERRY R O ALFRCEVEE TEME S 1S DI B D 5 22N 2R
I E D HNDHZENBH LN T,
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Figure 3-6 Variation of yield reduction ratio and thermal stability of insoluble sulfur under
various post—heat treatment conditions. The area of circle indicates the

post—heat treatment time in hour.
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3-4 #S

ARETI, LEEAEICHEATTRE R, Ss 2 MMEVARIL CRMm T 5 1E CHRBLZRFED IS
ThHIEETER LT, ZOFIETELNI IS DR BVLIE DR E | BRZZE(hSE52210k
% Sy IS ~DERHAR DO IR [S OEE EME DA AT LTz, TR E T AR IETHED
N7 1S EIRBRIC, BEVLERIZ L T Sy2vh IS ~DERIaR L HB5NT- IS OBV EMENEL(L
THIELEERL | SRR LB EW D EACT 2 RANTOESR, HELEREEICL-T3
R T ONDZEATER LT, ZOfE R, T34 IE A ATRE % BVILFE T2 (60°C. 18
B 12k T, UXEBD 2R 10%R3 T, #9 505DV EMEH 95, IS 255N 52 L5 R
WELTE, EBIT, JVEWAEESEEZEF O IS 215579010, HREVILVEE 2 &+ CEpERY
1L T D, ZEBETOBRBIEORBEZITV, 2 B UNOBEVLIIC LT, INERD R
28 25%LL T C T0%LA LBV EMEA G T5 1S 250N DH7 L5 RNE L, BEVVERS (44
ML THIEMR NI o T, BB O SR EVLER L LB L C| SRR Ol W BV E M
F5O IS NHEA SRR CHEOLNLZERALN LR ST2,
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%4 ESR A ICIO AR AR B ORBSLER IR DRMEE (L OB

4-1 ¥E

I CRETLTZ, IR E L2 2n T2 HIEICL D REMERME (1S) O TRIZB VT,
TR RS CID IS & SehiisE (So) 2 BE T DRTD, IS & Ss DIREWDIRFE (LLT. S,
T BMOBGLEE (LT, %EVLER) 217528128 oCL IS DU EJB SR EMEN (L
THEEWME LTz, SHITKRA R RFTEAT o7l 2A, S OB BRI L D Hnff R L EAZE
EMENZALT D RT OESIL, MERE L~ T 3 FEEICKBITEHZ LR LTz, R EL
WUFRIRFE (30~50°C) (24U VT, IS DU ERAD EAMEL R EE DS R I REREL T RV RER
BT CHoYEE EMN FmL< oo, —HlE LT, BREBVLIRIRE 30°C T, IS ORLE
PEAS 40% DA B2 5 ETI 20 BZEEL 72, ZOMFRIRE T, IS DILENE WL OO, Bz
EMEOBIMIR R ZE T DA Tho7lo, — 7 BREVLEIREE (60°C-65C-70°C) I8\
T, 24 BFE LN OB BVLIRIZ K> TROILD [S OBV TEMED 40%L0L L7020 BVEZEMED
EFIEREECE DL OO, BEVAFRIRE 50°CLL T OL&MELLAT, IS OINERD 03 ERE
CHRIY | ALK 24 RER LA TH | INERUD A 10%L2L BIZR 52 LN MRS,
R, BETL IR BVLER O S O Clch miR O % BVLFRIR E 70°C Tl INERD 3D
TR AL RSN,

IS OENVZZEMEIT DSC HIE T 110~ 120°C DR EE fEIR  Sh S AW B — 7R BE L\
MBERHLZL%Z, 8§ 2 BTHE L, ZOREE —713 IS OFfELIESHOUIRTICI D
DERESNTND |, —ixHIe, Ea FLEMORIRITS FE&EMAENDY . FEASE<R
DIFE | 2D FENVELBRDEZT LN TS, EIELIL, TEVEOEWRY~—ThoRYA
RO FEAHCT LT, R v — Ot S ST EEN B < e b &2 HEL T 7, BEHRK
R ~—TbhD IS IZBWTh, ZO#HE (5 F8) 5 1S OBZEMELBEL T HEE 2
HILD, €T, S DBEVLIR IO R O b A2 FHE T 2212k T, REVLER
FLZD IS DEVEZTEMLE IS DINEDEACZMRIATHIENTELHEE X BND,

LML, IS (308 H il S DB IS RIS ChHIEND *| — 75y 1 Bl E
ThDH. GPC, BRBERE ., FIITHEELIEILEA CERWod, ZOHEEICOWTHAEL
TR TR, MRV AR— DI, VAR 3 O IR E LR EE O BRSBTS 8H O
REEHEEL TEY 7, Olkhov Hi%, TMA I[ZE5 T IS DXLy hOIREV A7 VEFE A HIE
L RE SR O OR) v —EHEORSAHELZEMEL TS %, T—F—5
I3, ESR JIE IC Lo CERBTE R ORER~— O FHEEAFEL VD 4 ZhbDF
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B iR ORECTORE  bLITEEREOMRM 2 ML EL T 5720 | [ERIRIED IS
DIHFOLEE % | MERERITHITE T2 LITITIEL THRLY,

AWFFETIE, ESR ICEVEIR IS OFEOT V& (RxEF5) Z2BEL T, FiEHR
IHOBEFRE T HILICESTIS OFEEEAHERIL 72, SHIC, BREWFOKFMHIBN
T, ESR BIEZATV IS HORRE DTV AV EE | 1S IZE DN EH O IR DR
{LAEFAELz, BONTAERE, Ss035 IS ~OERSE | T7ebbLISOINEDEC, Bhh
72 1S OB EHDOEALE GO H TEETHILILL ST, RBWLFEOBRICRE CODRIG
Z, JOBRfEICT D2 e BTEL T,
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4-2 EBRFE
4-2-1 FBHERL

FBRIT. Ss 50 mg AN TAE (RU 7 A Z7 A8 S 5 mm) IC A, 5 3 ED 3-2-1 1
ERIFDOHTIETHRLIZ, BBV DR 5 3 BEORMLF—ELIZ(Table 4-1), LI E
DBV TIR/LNIZAERMIL IS DHIIZ Ss WEENDIREWTHY, ThENDHIETH
BT BVLIR % O AR Z S, (TR BVLEE No.) LR FLT D,

Table 4-1 Post—heat treatment conditions for S, (mixture of insoluble sulfur and Sg).

Process No. Temperature Time
C hours
1 1-30-1 30 480
1-30-2 30 960
2 2-40-1 40 480
2-40-2 40 720
2-40-3 40 960
3 3-50-1 50 96
3-50-2 50 240
3-50-3 50 480
4 4-60-1 60 12
4-60-2 60 18
4-60-3 60 24
4-60-4 60 48
5 5-65-1 65 5
5-65-2 65 9
5-65-3 65 22.5
6 5-70-1 70
5-70-2 70 7
5-70-3 70 16
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4-2-2 ESR BIEBICIDME DT ANEDORIE

ESR #I7E FFEHZ, Sy 50 mg & ESR AFUEVE (A—7F2 L A 3E8d| AME 5 mm) I AL,
KT CHTE DBSLFRZATH) L THRBL 72, BV O FRFITT T, AL EMARIE T 5
B —& LTz, ESR A7 ML OBIE T JES-REIX 433688 JEOL) & AV /-, JIE 54
X, LRSS 335mT, BE35ESIME:30 mT, ZEFARi35:0.40 mT, ~A7/mE/ U —:1
mW., JIEEE iR T, FEB IO, Mn* /MgO @ ESR 327 /LiF ImW D~ A 270l Tl
BRIV L AR LT, A BOERITIE, Mn?/MgO HEHEREE “ AL CHWL
720 @B Mn” /MgO 3B —if#IZ ESR BIEL O AT MUERIE O B B
BT 58T, REFHOAL L EBEOMRHEZ R DT, 7e35, Mn*/MgO #EFCIZ, ML
Mn* (/=5/2) | 3R$ 2% 7 HI7% 6 AH (BIHHIRE & 2 8~9mtT) D ESR AL 73
BLHISND, 2,2,6,6-Tetramethylpiperidine—1-oxyl (TEMPO, Aldrich, FA-ZEREH HEE 99%)
SR BEIR(1 X107 mol/L) A —IRAREIZHW T, 20D Mn” @D ESR D37 F /b 1 RIT%
THALEUL 2 X 10 E LR E LTz, EEICIL, ZERES LAV O EIC 15 SULE
DI NAEBITHREL, & /v ME%E 3 IRAT T4 1 CEFIICHB 528128 —2TF
AL DIEEAT T2, ZOR—ATAAHIEICED, i H ke Mn* O BAE T/ BiES
T ENLD ZEREGELREELRODZENTET,

BHEI BSR A7 ML g {1 2.0048 C, BE# 70 IS OREET VL0 g i 2.0044
LIEE—EKTDLOD, ARV TV HND g fEIT 2.0045-2.0055 THHEN Tzt S
ITEY S MEICEERDEE LTV ORREESLE 2 b5, (6> T, ZOHIETHREL
72 Sc D ESR ATV, IS DR ESH O RGO ER K DOT AL (LUF, FiEDOT Vv
ERFLT D, ) LHEESND, T2, FIRRO 7 1E CRULIRAAT ST BRI, KiBEI O —Fifb bz
FEAPMU T IBEFELRO R D 2B BL C ESR JIE&4T-72E2 A, ESR A MUEZOR
BYEORACHRT DT LD RSN,

YT IVNOREDOTY NV ENL, K E-1) ICEWEH L,

E(spins/g) = Wi,/ WoX Wi,/ M (4-1)

Hspins/ I E DT A8, WITHRED ESR A7V ZBHESE. WolTitkle—
FECHIE SN Mn® /MgO @ 3 KD 7 FID BRSO 1 AL 70O E, Wi,
(spins)lZ Mn” @ ESR v 71 /L 1 KROFRXEFH (=2X107) , MIX S.OEEEZRT,
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4-3 BREUOEBLE
4-3-1 REHEMBOBBIEICIAMBAHDOR)IG

Chao blX, 7E/NT 7 AREOEHFRAY v —FREL LM, K OIS 512k~ Thit
HEOUIW O E Y, RUVEREHF LB S T2ZLICIaMERISE . O EHNER
EL T Ss 2R DS FERHIE Z DL HREL TND 7, AIFFED IS OB VL T, FE R
DRV~ =R EZ AL TWDIEND, ZOMELFCKRETITRNE D0 BVZEMHLINE
DZALIZ, ZORMEHORINIZH KT HEE R HND, —FH T, IS ODBRBIIRTO, it D7
DAV EOHEEIL. IS FOREHEHEOEC, [SHD Ss ~DZAUITH IEL TWDHIEMND,
IS FOREDT AN BOMERE, IS P TRI> CWODIRESHO RS EOXISIE, LT LS
BT HTENTES,

I WEOTIHILVENEINTLES

ZHUEL IS BTG L TV AR ESOWT B (LIC LB . i T D DA > TVBT
LARLTED, RWATESETIBSIL, EREWR R SE N E KL T0D, K(A-2) DR
NELLTHEICWAIEERL TS QLB S 1 LEDT2) . —IBES LA o
LA B, TRbb#ERIBEANRGHDZEND 7 FiEEOW A (EARE WD, IS
DEZTEVEDIR T BHWTTx5,

* S_SXI_S i S_SXI—XZ_S A S_SXQ_S * (4_2)

I WEOTHILVENBLTIHHRE

AU, 2 ODRIENRETNDIEITEEL TRY, 121, FiEHEEKIRO T /LR
fEa . EENMBRTORIE T, RU-B3)DRIEHE > TWDHIEZRL TS (LR, FUG
M-(DERFLT D). ITOIT, BRESHI TN BRIEL T S5 IR DRUS TR(E-4) K O (4-5)D
FOSEEZSTNDZEERL TS (LU, ROE T -(2)EEKFLT D), MEHOMENRET
WDZEIE, IS DEREEMED ERNBHEETCES, (DBHEINIFQ)DEBLLAFKEZ > TNDH)
13 ZRRAL R FE AL (IR AF D IS OFIE (BEHRR) DY 2L TE IS DI
EDREMHHNE, HFEVELLZ2WG AT, IS DINERNEA T 2561320, ZhEh
FITEZ S TWDEHT 52 LD TES,
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*S—=S,—S+ + +S$—S,,—S- — +5—S,,—S—S5—S,,—S+ (4-3)
-S—S,—S+ — +S—S¢&S- + -S=S,¢—S- (4-4)

-S—S¢—S+ — Sy (4-5)

FEROGICESTRID, IS ORBEMELNERADROEEELDLHE, Kk | B ERIDHY
BT IS OBZEMHITER T LT INERAD RITITEDLR2VND U 5, OG-
(DAL ZDH AT, IS OB EMIT EF LT IWERD RITTIEE DLW )b L
T5, FOGS M- IDFEITIE IS OBZEMHITZITE DLV, PR TL T, INE
BUDRITREBENNT D, IS DR BVLIRE S5, K RISOEITICHED IS OIREEDZE AL
OB A | BV TEME — I &) AR IR T8, Figure 4-1 DJ9I7e5,

A

= £\

5 ReactionI-(1)

3
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L H _

- Reaction I ReactionI-(2)
4

v

Yield reduction ratio / %

Figure 4-1 Schematic presentation of variation direction of yield reduction ratio and of
thermal stability of insoluble sulfur (IS) through the reactions of post—heat

treatments of S, (mixture of IS and Sg) .
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B RN OB R EO B AR T, FERBVEIREICIY ., O R0NT O HEITR
ELBRDTE DRI, & Process O BT O #H E A BT 572812, Process 3
DfE%E 1 EIRET5HE, Process 11, 0.69, Process2 1%, 0.76, Process4 &, 4.2, Process5 IZ
5.5, Process6 13, 10.2 &7z-o7=, 1T Process 3 & 4 Z BT 2L BT ORAHE L 4.2
FELR o TVDIEND, S, DERBIIRIZB T DIHED TV BO BANT OB IEEI,
BEVLFIEEE 50°CL 60°COMATRITRIIRESEMT DL ol iz,
Process 6 (2725 &, Process 3 D] 10 fFLSHIZREREL 72> TNDLT LMD | REVLEIR
FE T0CLLETIE, BT O s B AN SR ESEAL T DT LRSI,

52



@ Process 1 (30°C)
B Process 2 (40°C)
€ Process 3 (50°C)

The amount of sulfur radical / spin

200 400 600 800 1000
Time / hour

X Process 4 (60°C)
O Process 5 (65°C)

/\ Process 6 (70°C)

of sulfur radical / spi

g amount

20
Time / hour

Figure 4-2 Variation of the amount of sulfur radical in S, (mixture of insoluble sulfur and Sg)

with post—heat treatment time in(a) Process 1~3 and (b) Process 4~6.
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Figure 4-3 Estimated apparent rate of the amount of sulfur radical at various post—heat
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L=(X/100/32.01XNy)/(EX1/2) (4-6)
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Figure 4-4 Variation of average chain length of insoluble sulfur with post—heat treatment

time in(a) Process 1~3 and (b) Process 4~6.

56



4-3-3 BBUUE P IR R ISR ARG 0 RNT 0 E D ik

Figure 4-5 |2, % 3 TRz, IS D% BV OIE FE SE R OBV E M K MY &) 2R
DA ETRT,

VL EDFE RN & Process CREETWAKINMINDWTEEDAHE, LT D@D /2D,
A. Process 1~3 (12 ZLEREE 30°C-40°C+-50C)

B s BT RFER 2T TR L COE BEE DT /L &M FEF B BTl
T O ThoTo, Tz, WEBADROEME LI T, BEZEMNRES LR/ T 5
W] Cdo7c, ZAIVHD Process Tlk, EICHEHEHAD MRS (RIS T-(1)) 2B3do<0E
HEATEY, INERADZRNIEA IR END | Ss ARG (RS T -(2)) 13
EAEEATVRNEEZ BND,

B. Process 4 U5 (14 BVLERIE E 60°C-65C)

EEMEH RIS EVELE T ZDOHEIZL, Process 1~3 THRLIVDHTEH L
B HLHL ER R TCHRE O 7V VBB T AW ThoTo, Eio, BEWLE D
DG | BB FEOMENMEERZ EEO LA BRI DI RZE# Tholz, &
MHO Process Tl it E#H DM & OGS (RS - (1)) ST RS (BOG 1) 23RS
EZOZEIZEA T, S TORTEBEDOMRATIEATL T, BOFLREDER TWDHEE
ZBND, EGIT, IS DINERD RBHINTHILDD, Ss AREUE (RUG (T-(2) ) b [F]
BRI Z > CNDEEZBND,
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Figure 4-5 Variation of yield reduction ratio and thermal stability of insoluble sulfur under
various post—heat treatment conditions. The hatched rectangle shows the

industrial requirement range of quality of insoluble sulfur.
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Figure 4-1IIRLTZIDNC, IRERV ROZEAGITIL, WS BN, BT_ILL T SsICRD X
JET =)D IEL TWDZEMND , N ERA RN T D3 L, RS T —~(2)0 BT O E
ZRLTWDEE R bIND, — 7 C, BVZEMOZEITIL, BiESHEOW A {bZ R UR T &,
B ESHARIR O TV AV R L AFE G L T ESEHME R 32 00 M~(D23RIEL TV D, Zith
DFIEE, RISOMENER R T, Bt T EHEL T, RS T -(1D)D 508 BT O3 FE 25 3H
WG BV BN @< DT NI T HLEZ NS, E->T BVZEM DL T D

W, O D-(D6R0E T ORREZZLGIW, B O -(1) D EE B2 E 2R LT
LEEZBND,

£ Process D, BT O E DOZEEZREIZT 572012, A. Process 1~3(30~50°C) ™
FENTOBEZFEHEIZL THE LT, & Process O BT O E DL E% Table 4-2 | TR
9, Figure 4-3 {IRLTZRREE DT LD BNT O3 E L RIS, ZEVLEIEE 50°C.
KON TOCERIZREMNT OEE N R EZELL TEY, IS DB ELIR|ZIIT DRSO Kt
D RINTOEEIL, BiE T IV ORIGICH KT HZENATRIT RS, £72, A(Process
1~3)& C(Process 6) DIREZZ LLEE T D& IR 2R D BT OZAEE (FUS -
(2)) 13 135 {5, BVZTEVED BT OZAGEEE (BUG T -(1)) 13 43 fF L7220 | B D%
TEICBEEL COD UG T -(2) DB, e BVLHRRE O EFITH LT, JORE<LENTHE
DL T,

Table 4-2 Relative comparison of the apparent reaction rates, Reaction I, II-(1), and

II-(2) at various post—heat treatment temperature conditions.

Process  Temperature Relative reaction rate of Relative reaction rate of
Reaction II—(2) Reaction [1-(1)
C (subtracted Reaction I)
1:2-3 30-40-50 1 1
4.5 60+65 26 20
6 70 135 43

The number is normalized with the value of Process 1, 2, and 3.
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