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Formation of the Magnesium Silicate Hydrate Film
on Glass Surface

By
Saburo AKAGI
(Osaka Municipal Technical Research Institute)

It has been known that Mg®* has a marked tendency to form the lustrous flake (spicule)
in the water stored in glass containers”®. In order to elucidate the role of Mg?** in the
flake-formation, the reaction in the Mg?*-Si0,-H,0O system in a glass container has been
studied.

Slightly alkaline aqueous solutions, with or without SiO,, which contained Mg?* less than
16 ppm and adjusted to pH ‘range from 7.5 to 9.4, were heated in a silica glass flask
at temperatures below 90°C, within 72h. The measurment of changes of the Mg?*- and SiO,-
concentration and the observation of the flake-formation were carried out. The reaction
products formed in the state of film on the glass surface were identified as magnesium silicate
hydrates, which were similar in composition to sepiolite but had very low crystallinity, by
means of chemical analysis, X-ray diffraction, DTA and IR absorption spectra.

The Mg** concentration decreased with heating time, and approached finally to almost
zero in the solution at pH 9.0 as most of the Mg?* were consumed for formation of the film
on glass surface. The SiO, concentration increased in contrast to the Mg?* concentration by
dissolving of silica from the glass'surface. The concentrations of Mg?* and SiO, depended
on both the pH value and temperature of the solution. No flake-formation was observed at
pH below 8.0.

The role of Mg?* in the flake-formation might be considered as follows;

1) The hydrated silica layer formed in gel-state on glass surface by the action of OH-,
is tightened due to the formation of magnesium silicate hydrate film and therefore the
durability of the gel-layer to water increases.

2) OH~ and Mg?* remaining in the water can enter into inner side of the film through
small openings of the film, and the thickness of the film increases successively.

3) The break-down of the film is directly or indirectly caused by its own contractile
force as a whole, with increasing of the thickness.
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Table 1. Chemical compositions of the reaction
products formed on the glass surface.

Composition (wt %)

Reaction

product Tg. loss MgO Sio,
A 28.6 20.4 51.0
B 27.6 23.9 48.5
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Fig. 9. Change of mole ratio of Mg to Siin the
reaction products formed in the solution
contained in the stainless steel beaker,
at pH 9.0 and 90C.

Table 2. Conditions of the solutions prepared and
characters of the reaction products.

Reaction product
A B C

‘Condition of solution

Container silica glass silica glass stainless steel
Mg?+ concentration (ppm) 15 15 13

SiO; concentration (ppm) 10 40 24

Ratio of Mg to Si (mol) 3.17 0.93 1.33

pH value 9.0 9.0 9.0
Temperature ('C) 90 90 90

Character of reaction product

thin film thin film fine particle

Appearance transparence translucence  opacity
. 1.00 MgO 1.00 MgO 1.00 MgO
Composition (moD) | g7 S0, 1.36 SiO, 0.80 SiO,
3.13 H0) (2.58 H0) (X H0)

Analogic mineral (type) ?  S°Biglite serpentine

LCREEHCE L bR & hs. £ZT, 0
FRIEOERICRT 5 AR M/S EOELERD S L
F-9 2R+ L oicib. T OV T O 7 EIAE (A
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T, Fhb D&M L MR S etk & 0BfRE
—{ELT -2 TR T.

ATV UVARERAT M/S=1.33 OWIR» /DL W
AfRy-C © M/S fEix 1.25 T, Kalousek &0
EZRRSATV S L DI, WIROWMH DO M/S fEicix
FRHBEL TR E5IEELbhB. Lich-T, BFHET
52 apy® Mg*t-Si0, ¥EPICAERT 2 Hhio EfED
RS, T, WO M/S [EITSCT, ZhthiRi
o TRBOTEBVMEEZELBND. LhL, FTAK
B AR % RIEOMRIZ OV T, Zh b DARRIZH
VHRIZEED M/S ERSEVERLTVAEVEST

S. AKAGI 16

5. Thbdb, ABIUBEBEOERZACLNE
o M/S EIFFERICHZELTY % 2 FERIKED M/S
fEix sepiolite E 721X tale DFHBITE , HKiKAIZ
EERICHR L BT LN TEZOTEHRCPLE
25h5. FE -A o X REHES, RESW 23 se-
piolite I L3R TV 3 FWIRD Mg-silicate-hyd. o
LOR—HLTY 5 2 &%, KB ofiraehcix
tale ® M/S fEX W k& M/S fEE b2 LEBbRBH
WMEEERPEVBALTVRZ LEENLAT, AR
7 5 2 3 OFREITER U7z B, K E 0o TR,
sepiolite #¢ Mg-silicate-hyd. & 72T DOPRZY Tk
e tBbhs.

4.2 HEEETYTRIUYLKNYPOERRE

FHi#ET 5 2 aNTco Mgt-Si0-H,0 R, -
5, RO ER B AT

2 Mg(OH),+3 Si0,—~>Mg,Si;0; « 2H,0 (sepiolite)

(@€Y)
TRFEEND H T ARKETOF WVIREIEOARL &
6 Mg(OH), +4 Si0,—~Mg,Si,0,,(0OH), » H,0
(chrysotile) +2 H,O (2)
L
3 Mg(OH), +4 SiO,—Mg;Si,0,, - H,0 (tale)
+2H,0 (3
THEz2 bhBREP COEMOERLICHTBhE. T
G, & (D) OIS, WEPo OH itk » TH T
AERFEBHBNE S h T AR Liokfngsik sy v, flzd
H,SiO, % 3Si-OH r Mgt rDRGELEZLIS.
F7z, X (2) it L () DRI, BEIRF OEERA 4 v,
Bz HSIO® b Mgt LosEBbhd. K-1
BIU K-2 RLEZES I, & (1) ORISR, BR
Fo Si0, EEEP/NE TR (2) v L (8) DRIEH
BIHRVEATY, WEFO Mgt 22i:e i &<
BBHETETLEZ. ZhbOBRAE, FIAKEROS
MEBRHIHET LT T, 2 (1) 12T 5 SiO, BEE
PERA L BB ENZDT, K (1) OKIG BXEERHPT
OO ELR LI D EEZDND.

—ji1z, Mg?™-Si0,-H,0 R RIC 817 5 Mg-silicate-
hyd. oA pH R7 A% VEIOEIETRZ Y, Z0
R 13 pH 10~11 Officdh 5. Thix, pH EHPME
KiesHET 2HE I 0K & Mg*t OfFHEED, BYHE
I BERR DY RS 348K LT Mg-silicate AR H3HEE
ChblcdlHhdbhd. LedsT, FEIIFTAINT
D (D~(3) OFEE, BT VA Y HKER TIERZ
BV EEbhB 2, KERTHCZ pH 9.4 LITOHE
Wik, Mg-silicate-hyd. mARkiZ pH EIZI&FE L.
e (1) oRRIZET % pH RFEHEIZ, Mgt OfF
HEEE S ORIFE TR L, K-10 IRT LI, AET T
Zanbo SiO, EHIEEE, bbbl 7 AREEOM
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KR (T HWECLERL TS,

—7F, AFERTONX (1) oFIET 5 REKRFMS
i, BLLT, HIRAREEDOIKAEREICHT DR
BEORELLTRYEI Z LN TEB LBDRS. T
bbb -5 ITREATVS L5, EEMN 0C L&
< T% pH B8 LTI T Mg-silicate-hyd. 134
FRUZD 572205, -5 ¢) IR bh3 X 5 ic, IREN70°C
LIECHATY pH 3 amig i, I AREEOS
MR Z 5O TEREO%ICIE Mg-silicate-hyd. pz
PR LTz,

B, H-1 121k, Ca?t o/ JEE L Mg OEEE L
L TH5H, Ca*t KIFHKTIX silicate-hyd. DA
ORI RN EAVRENTVS. Zhik, BT
Nl Y HKEEIRIC 81T B Ca*t ofEEER Mgt XV ikk
ECTDTHS LBX HHBHW I,

4.3 H3RKREICHITBHEORRKE LI

FHEHF T 20FmIE OH™ 12k - TIWK A fES h, K
A LR V), S BICERRP A~ B ET
5. LizdsT, FUVBE—ENPES ITidn bk
V. ZORE, WIRTIC Mgt BMEETS L, D
DRJETH 7 ARMEICITEEAMED Mg-silicate-hyd. 23
ERL, FVBERBIEHDONT, ToNERIH S
3. UL, ZZizdpkLiz Mg-silicate-hyd. o 4w
BlidA A v OBBEEZEILETE 3 EBBETIIRCRD,
Wik o OH- = Mg* 127 VE ORIk E & - THRE~
LEAL, BIEXHBVT, 72057 NVLE Mg-silicate-
hyd. o&RICEEL, FVIREEOR ik IR 0
Mg RigL AL B RDETHEITLT, ZOESIIH
M5, BB, ZOBRAIRTIEETO SO, BEOH
MMz Tik, FRIROREBGERT) &2 DL (7
FR) LITRITHEROBPEDNECIS LD, L LTH
Vx5, Fi, WIED TR L7z Mg-silicate-hyd.
OWGHR7E EARE, EHEAICIIRIEORER & 13 B4R 2 v
2B, HIAKREERShiz EREECREShZY,
L2 Y LTEEO#AIZIZESE L, +0&EEZED
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5L, M4a) L 4b) olkE»rbBLHNS.
BT AEmICAERT S Mg-silicate-hyd. 2322729 ©
BESET, —RAESOEEL LTRET 503,20
EKER~ SRV U A A bNR S X i, Mg oK
TSI L & b L BREEE R LTI L e,

 EEIEEIC 381 5 Mgtt-Si0,-H,0 ARSERM ORGSR

BOI BV EREELTYRDOTREYNEEZLR
3. Tibb, ¥T7AKREICERTB/KERT VBT
Mg** b - Th, *DRISERINIERO 7 VRE
L LTHRZEL TR ERVLEDbRhD.

LaL, ZOFVIREEDZOESBZERT S IR
>, EEEEROIEAIHEML, SEBREETDIID
Wi d. E-REEEIC R ER LS VBRE GRIRIC
BELTw3HD OUkEE, #%abEmShT Mgt b
DGR EITL TR CERIORE (77 A LT
HAD ZBFBIGEH LV ZRE DT, FRICITRR
FRNICLTHBLE S L35 B8 ERLT, SR THIEE
CEZ LD LEbRS. FKHRD serpentine FHIZ R 51
s 1, Mg (OH), @& SiO; BoKkT0EMR Y
DRIz X525, H 7 2AEA LIRS h 3 EIRORR
MRS TR LD TH B0 5, ZOREDEHAIz>
Tk EEosdERTE AL EbhS. LL, K
FERCER LT RIS B IRICE < T 5 b 0
NRROLNZZ b, REOREOIGHEHOER, B
b 5\ xR, REOHEEOXE LIRREIIC > T
w3EEZLNS.

PIEES B2, SEEBA A DT Mgt 2355
Tv— 7 OREITKE L FET D0,

1) F72EEBOF MEREEICHET LD S pH
8~9 DHFFHDKIEIET TS, KRRl & & LTS
B4y HE L g,

2) FT AL VHKIEIIC RIS Mg-silicate-hyd.
DUEFREERIEFIT/ NS v,

3) Mg-silicate-hyd. DfEGEILIFFIECDT, &
S5 2FmETHNVIROEF L LTHEHRELLST WY, &
Bbhs.

F7z, LEo0 Mg* ORMEKAERLEAET TR LDOK
%, —EOIERREF T 212 RBITF B IR AR BO
EEMEREE Y L Mg™t LORIZOVTHER
TEBRLDLEZIDBND.

5 # =
BT T AT AL YD Mg HkEk (pH
9.4 PIF) #ANT 90°C LI T DEEETHE LZRE,
7 J A aNREICERT 5 K LR s v & Mg
AF vV EDKET, HBRECHD TRCER~ S XV Y
LT DO RERER S, ThPFEEL T v—2%
BT, WIROFEMIT X - TIEEF O Mg*t BERE
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IR BB ETIERT L, HEOERKISTET L. L
2L, SiO; BEIIN T 205 DHEBROBEHIZ X - TH
Kliz. Eiz, WP Mgt b SiO, DFEE A3 Hik
HEWERIC X F 7 AKREIC BT 3 ERENLER & R
2, WEPIZRCT HER~ 7R v U 2K OBz
BEAEAAER LT, WIS L.

T AKRECBIT BER~ 7 % ¥ U AkFR A
iz, EBoOfE (pH 7.5~9.4, EE 70~90°C) T
X, #I7AKEOF VLEE, T72bb pH LIRELIC
KAE LA, pH 8.0 IFCili7v— 2 &R
Bholz. £z, ERREKEO Mg/Si () 1% 0.75
X 0/EL, FORERRIZ sepiolite BITH - T, BWHT
AR U7 30k 7 B RE & BRI 7 & O AR 72 %
LDLEDbRS.
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Energy Relations and Boron Co-ordination Number
in Alkali Borates

By

Tetsuo YOSHIO and Katsuaki TAKAHASHI
(Department of Industrial Chemistry, School of Engineering, Okayama University)

The investigation on the relation between the heat of solution of alkali borate glasses and
crystals in the system R,0-B,0; (R=Li, Na, K) and the co-ordination change of boron with

composition was carried out.
The results are summarized as follows;

1) The heat of solution per mole B,O; was expressed as a function of molar ratio R,0/
B,0;. The composition depedences for the glasses were shown by curves with concave cur-
vature and that for crystals were well represented by segments of straight lines, in which the
break points were observed, one in each system of Li,O-B,O; and Na,O-B.O; and two in
K,0-B,0; system, The break point compositions correspond to those of the congruent melting



