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Developments of synthetic fiber and resin
materials with hot spring water

Kyoka Komaga” and Hiromasa Goro"*

Abstract

Phenol resin was synthesized from phenol and formaldehyde with Tamagawa hot
spring water as an acid catalyst. Further, melamine resin was prepared with Showayu in
Shimoda hot spring water as an alkali catalyst. Next, nylon was obtained by polymerization
at the interface between this alkaline hot spring water as an aqueous system and an organic
layer containing adipic acid dichloride. The resulting phenolic resin, melamine resin, and
nylon were solid and strong. Their molecular structures were confirmed by infrared
absorption spectra (IR). Surface structures of thus obtained were observed by optical
microcopy with reflection of light. Molecular structures of thus obtained were confirmed by
infrared (IR) spectroscopy. The acid hot spring water and the alkaline hot spring water
were found to be the reaction fields for preparation of the resins and the synthetic fibers.
This method is industrially effective for the synthesis of polymeric materials.

Key words : acidic hot spring water, alkaline hot spring water, thermosetting resins, synthetic
fiber, nylon
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1. LU &®IC

A RBHIR A Bk X 2~ DB E L 2, BEMEESE OB, BEMEE L CKRICETE
BRAMEELZDBEELEMEE LTEHENRTWS. BIEETOIRSOMESIKIE, BdHEH VI
TUH)EHCTERSNTE, TAFBAETZ TICEREES T THLRY 7= v E2RREK
THERT A LICL ), BEEES T HEEOWRELIREL, RKAREHRTH 2REK (HARRRER
S5, 2020) OIHMEE BSTALEO 5 H)EF T & 72 (Komaba, K. and Goto, H., 2023). &
WIFETIE, AHMMECH LT A 0 BIOBEMECHE 72 —VEG, 273 VB T=Y
CHIEERYEZ 72T VA VEORREKREH VS Z ETEIR L. F A4 0 VEiME 7 = 2 — VR,
A7 I VR, 7= YBIRIEIVHICER SN T2 58EMETH 5.

¥, FIRRKEBIALEIOSEE L, 72/ —VEIRZ G L7z, 155 -8RI R
WARZ bV (IR) 0/ KSy 7BIgTHH I L 2R Lz &5, BME EFIETFHT) X
DR ER N2 TV YRS K TR ZBIETH L 2 7 I VEIRE G L. 72, X<
LBNTWAEFA 8 yOREESZFE U BEAGOREAKTIT 72 Wb 75 TR i3RI
ART PIVICTHER L7z, £72, Boh@ifts o I ERTTHoRmEL > 77
ATy 7 MBI L EZ 5N 5. EAZEHCZBIEOGRIIWO TORTH L. iR
BAACZEEEL 25720 T, W (BiH, 2021 §iH, 2022 ; $701, 1990), fEHESE (9
B, HM, WAE, 2012 KT, 2013 KNS, 2012), A CAH, 2017), SEWoRE: B
5, 2018), Hi#AGEE (¥FH, 2013 Kil, 2014) 7% WA S NS D, WELFEA~OIRHIE AT
EThDH., TOD, KRAAMIMARE L BH TALAIME L7238 L WA oI D %535 1§
2 5.

2. 7 1./—IJUEiE

2.1 HH
T/ —VBIRIE, 72/ —NVERNVATLVTE FRERE L THRINLBMMLERROZ &

OH

CHy Heat

Acid
Novolac
@—OH + HcHo
OH
Phenol Formaldehyde \
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CH, — .

CH,0H "

Resol

Phenol resin (bakelit

Scheme 1 Synthesis of phenol resin.



Bl qt, BRI MR

THb. 7/ —=IVERVATIVFE FEBRET
THILE®SE I RT v 7 L) BIEN, 7Ivh
DTFTHIBEELE LY=L v BRPAHS
N5, IRy 7 BEEL V= LOEREIZEHNL
HAELTH 2 & T, ZRILOMEIROFEEDTLK S
NT7 =/ — VRS 515 (Scheme 1).

7 x /= VEHIRIEEEONR—27 T  FIZKD,
F LD TERSINREN L EEBIETH L. B
WORREE, WEEAE, ESGORHEIE, IERENE,
WM EICBENIBIRMETH B, Foizo, H
B HRHLAERE DTS, PEAROIIEA], EEEAE
ZEIFIHEINTWS

Fig. 1 Synthesis of phenol resin.

2.2 Al
FEJlRK (30mL, pH=11) 7= /= (1g)
EERNVATIVFE R (20mL) #imz, 90C T—

—
(Y
—

—7r 1 1
Phenol

m
Mem# L7z (Figure 1). RS =% /=T <
wiEts, M52 T7 o/ —IVEHRZRILL g
7z AHERICMBSIE 24T 5 7272, 7 YRy b E
3
<
2.3 SFEE 4000 3000 2000 1000
IRAXRZ MVERT. 7/ —=VIZBWTIE, & (b) ©)
WM BWCTTO— ey rFrofic, 3467, Eou AR
3420, 3342cm ' DY FAHHR LRI EERIE 2 388 =
—DODTU— R T 7P VICEELTw h ; gx//\
7w —VBIRICRIET B S OkmER L S e
OYMENHEN, KRR LOKFREORENL 2 £
fbL7zz ez 65, 2 _g\/
2 7
< <
24 FEME o 73500 30001300 1200 1100
SRR OB EIEC & o TREME OB % Wavenumber (cm™')  Wavenumber (cm ")

17572 (Figure 3). ERZERKO IS 23K , '
KOEAEDTERTE . =L, SR REHE Fig. 2 IR spectra of phenol and phenol resin.
ETHLWRNDDH L. 0L REHNE< Y

O ERIR O BEREREE AT & M7= BIIAEAE L 7. Figure 6 ® X 7 3 ¥ OF iR TR ERIRASH I
L, ZNHT VT LICREIN TV, 72/ = VBIROSEE, HREORE#EE 25T
W ZhUE, EBARE LD TREEOE R, EAk;O@wLﬁf®ﬁﬁ#%§LTwé&%i
bN%. 2O L) REEENREEESRONTZOE, K E W) R FEPEN LR TH
WHEED D 5.
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Fig. 3 Optical microscopy image of phenol resin.

NH, HNNoH

Nl)j\l\ HCHO NI*N
P
HzN)\N NH, HO/\H)\N/ H/\OH

Melamine Methylolmelamine

Melamine resin

Scheme 2 Synthesis of melamine resin.

3. XTI UEHE
3.1 MH
AF3IVE, MITVUNI3ODOT I ) REEEBE LD THAS (Scheme 2 /£ 1).

- BHERARE OO B 3

CNIZT VA

VEMTFTTHRVATVTe FEEAZEL EHBRDO AFO— V2T I UHPERENS (Scheme 2
AHLE)., Thza8liss 28T, ZRICMISEDS 722 T I VIIEDS 515 (Scheme 2 ).
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Fig. 4 Synthesis of melamine resin (a : mixture of the materials, b : methylolmelamine with heating,
¢ : cross-linking to form melamine resin).

—
Y
—

GHREE R BB TV, 2070, AReR R
ROREHOMESHENE, 2Ky Y, BT 2| 838 Melamine monomer
R, SRR SIS VTR R ST B E
D, BIREER LA LEEAMETHL. Fil &
FERHE S AR o> B < H T 3 00 J ML K R 52 8 Melamine resin
AF—Ya YORBIMASNIMETHS. H 8
B LD IR, B, B 2
G2 ZICHiF 2 5D 2k Ak HiLs. el T TR Y
4000 3000 2000 1000

3.2 TE Wavenumber(cm’1)

ARG OWR A (50mL, pH=7.3) HIZ% 7 3 ® W © =
v (5g) EARNMATAFEF (20mL) #MZ 72 g 333 = g o ¥
(Figure 4a). =% 90C T—Bhi#k L7z, 30 % 3 )Wv/\ 5| F
FEEEMB ST 2L XTI VHPAF U=V RAT I U s s
EEALT 2 2 Eh D, TUSEHAEWIC 2 o 7 S g
(Figure 4b). ZORBRIUGHISIZE > TRX T I ¥ 3 3
BR~E 2T 2 2 LT, HOEG~EZLLT §/w"”“\\\ 1 e
(Figure 4c). BUSHIE 28U CRISER A Lo . . <

IR % 0L, O L7 WA SRR K O s 3500~ 3000 1500 1400

X pH=81 DT L5 ) RTH D, Wavenumber (cm)  Wavenumber (cm )
Fig. 5 IR spectra of melamine monomer and

3.3 ST melamine resin.

IRIZ & o TH TG D547 %217 - 72 (Figure 5).

ATIVEII—IIBWTIE, 3469, 3419, 3340, 3137cm ' IZT7 I VITHIRT B T 7 F IV

NTwzz. —J, A7 IVBBICBVTIE, 3400cm™ ' fEx ¥—2 3570 — KR 7 F b

EZEL Tz, ThE, TIVIEARVATLATE FEMELTAT -V XTI y~NEZ{LL,
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EHIZAFO—NV AT I VPBHANILERITIET, = "7 IV M7 I VIZBLL-Z &
WGEETA2EEZONS. X512, ATFTIVEII—IIHALNTWA 1470 B L 1436ecm ' 128
FAY TN, AT I UBIRICBLTIXHEL TV

3.4 KREBE

FFM TSR L D, #oNi 2T I VERoEN 285 L7 (Figure 6). K53 CBILET
5L BAEIREICH 5 0° (Figure 6a), KT 5 EMBOIRKTH LI ENHL L %572 (Figure
6b). MNEREKROBSTEHELITELELT, N=VEAPNSNTWES, /= VA TIEREE
P2 o COREIREEIC L2 OB BRP TS YA VESD bbb, LaL, SHoxA5 3
BHROAKIE, EMAISICEPEATHY, FYMNVESZNOTOURY, 512, FmiGHEH
LEHAL WAL, ZORETY, 70 A=t —=F—0OREPELNZZ LI, ZOfEKIC
LB EWMIBDORRTH Y, FHEpITHSH. HKIEKIE, FZWATHD, PR~ A 7 ubke LT
iz 2RSS H L. BONIZAT I VERIMAL TER L7272, §TICAFE—L AT 3
S BMALTID X 5 I UHBHIENE 2L T,

4. 66-F10O>

4.1 MHE

FAa i, HOF-RCIDMODTHERENLRY T I FlHiTH L. HIo7TVEVEREAF
PFRAFVLIT I EAVIZER/ KRATTOMGRTEASIC X 2N 2EEICLD, B
PHZELTELEWITEDEINTOLIKIERTH L. 48 VIFBAEAR =2 7 7 LB 724
FELTUSAPREINTVWES, ZOFA 0Oz b EICSSICRIET S 3 FEHEED BT
N, MHEMELE LTSI TS, 4 8 VI35 EHE» ORI E TR L T 2 RFEN 2 Gk
HWiHETH 5.

4.2 &

ARG OMRAK G0mL) ICAFHRAFL I T IV 2g) ZMATKERZER L. Ho%k
BICAFY Y (Tg) KT VRANVZTY F Bg) Z2EMIETBEHEME L. LT, 20N
FH B ERBEPIIMZAZ LT, KL HFBEORMTORILERIGL 72 AR

i

Fig. 6 Optical microscopy image of melamine resin (a : low magnification, b : high magnification).
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Fig. 7 Synthesis of nylon fiber.

Table 1 Assignment of IR signals for nylon.

VNH vVeu Amidel  Amide Il ScH AmideIIl  Amide V

2936
Nylon 3298 1634 1546 1472 1275 689
2866
SHED 7R E Y 2y FTOEA LI TRED LS & ' '
B ENDL Z LT, MHIRD 6674 0 r s h: <
(Figure 7). KIBRIE A 7 7 — )V CPis LCJaE L 7. g
ry
4.3 HFiEE 3
F 40 Y OFIRIBILA X7 V% Figure 8 127737 g
Table 1 WREEZRT. T4 0YDbO7 I FRGHIR N
DY TFUDEHHMEIN, FELTTIRFLET I N 3000 2000 1000
—1
Ao C=0 PRSI %, 7 3 F 111k C-N-H Zf4iRH) Wavenumber (cm )
%, 73 FIME C-NMfikiz, 73I FVIEN-HZ Fig. 8 IR spectrum of nylon.

AREZRT. 512, 66-74 1 VA ORRIER RS
7 FNH 93 em ™ IEI S .

4.4 FEBE

KR o Se# B c R 2 B L7z (Figure 9). S oh7zF 4 v v i3k ch 7. Zh
TSI RIS T 5 &, ZOBMEORIC S SITHIVCERMES R Sz, CofifEA Ny FuiRE %
D, EROERMNZHHEZER L TWE EZ2Z 505, 53 LITRORFEESTIE, 71& LI
ST A~ DIS B AL U, 40 TR & Mo Bl T~ OB Z D L %2 5h b, KRBT
D D &9 BkHEH O/ 2 2 kA O Bie 1) b BREE S I r

5. 7=V HiE

5.1 HHE
TZYYERVAT VT F2BUYETTEONL T UBHIERTEBEZ T2 L I2E ) =%k
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TR Z TR L, NEARO T =) YBFZIRET 5. TEIICIET 7 ZAF v 7 OYCEHNZH
WHNTWA.

5.2 A

ENEEA 20mL, pH=11) 127 =V ¥ (2g) £HRNVAT VT F (5mL) #f1Z, 100C T 3 K
R L 72, BUSERIZ BB AR Z BRERICT £ b Tk, ML, HEao7 =) CEIREER K
{37, Thaedky FAT—Y ET200CT 1 RERMEA Lz, ARoBRITKREIH L v Do
RIZEALL, REISERLA L v Vaofifke o7z, Zo(b2EIER % Scheme 3 IZ7R7.

Heat CH,
—_—

Aniline resin

Scheme 3 Synthesis of aniline resin. HSW : Hot spring water.
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5.3 XREHE

ST B & ONE BT ONCAFMERE I & o CREMEOBLE 2 1To 72, HEERIERL»LFED L)
B HKRIRTH - 72 (Figure 10a). ZNZIMNET 5 & HEIRIIIELI12H L v IBIZE{L L 72 (Figure
10b). RAEWITIE R T L v DEOfEKRE % - 72 (Figure 10c). {RIGEEMSIEIZE T T3 GF
THEE D RSN/ (Figure 10d). T 72880020 LIEOH R (Figure 10e) ERfADHIZ X 512
A Bk D W57z (Figure 101).

6. £ & &

FRPEIR SR 3B L VT VA ) PR K € 2 O R 2 W CTE BB L 0GB % 1ERk L
oo WENRB KRBT L 256 B E T T, imEKIE, EHRICERRL D DHWIRET
»% (Figure 11a, EJIHRABINAL). S LR KE O TMHT 22 LT, ARISMEASOS
RATH) CEDWEEE 42 5. BRRTIVA) E Vo 7RE T TR, RRIHET 28T A F—F
HTE5720, BaFals ) BRICBCTEIFFITBNN 2R TH 5. immKIE AT O/
HERLEH X b 726§ 0ARLY, THEMNEMEAGHROYE LTHINRTE WY H 5.
DALHET 2 BOCHISIC TEM L MGk i35 2 LIBENTIE 2. LA L, RFEKLBOLH

Fig. 10 a: Aniline resin precursor image with reflection light, b : Heating
process of aniline resin precursor image with reflection light, ¢ :
completion of formation of aniline resin image with transmission
lisht, d : Partly observable spheres of aniline resin under polarizing
optical microscopy image with transmission light, e : Rhomboid
structure, f : Partly observable tiny spheres in the entire spheres.
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Fig. 11 a: Tamagawa fountain. b : Natural sulfur crystal.

TR EWIRBEAKOBEBHENAZEHL, T¥ENEHT2IEPTELRENIH L. 2O &I,
AT ANVF IS LW RAROES THETEZERT LI LICORDBE2OTERVRLEEZD
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PEDSHEIPIZ T Y P E— LV ENTW S, REAKZEACCTEIEZ S L7254, FICERIBIE To
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