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A high yield of H2 gas was unprecedentedly produced by the
radiolysis of water-containing asbestos while the morphology
of them turned fibrous bundles into nonfibrous particles in
0.40M H2SO4 solution over 2.0MGy dose of irradiation.

Aerodynamic behavior of fibrous serpentine and amphibole
asbestos penetrates into the deep lung influentially when inhaled,
causing lung cancer and mesothelioma.1 Although an attempt
to convert asbestos into nonfibrous form is difficult because of
its chemical stability and fire-proofing potential, the decomposi-
tion or removal of toxicologically hazardous chrysotile asbestos,
Mg3Si2O5(OH)4, has mainly been challenged by chemical treat-
ment with fluorosulfonic acid, melting down under high temper-
ature with added salt such as CaCl2 or vitrification with molten
salt.2 Most of them, however, have technical or economical
difficulties which require at least about 873K or produce a large
amount of unnecessary by-products. Radiation-assisted diges-
tion of asbestos using �-ray or electron beam has not been re-
ported, and comparison with recently developing microwave-as-
sisted method2c would open the future recycle or disposal system
of asbestos-containing materials.

In the meantime, interfacial reaction between solid and
water under photon or high-energy radiation is of significant
interest in both radiation chemistry and surface chemistry. Since
the system of mixture has high complexity, many chemical reac-
tions originated from radiation are far from elucidation though
the radiolysis of aqueous solutions studied well. Production
of H2 gas, in particular, is one of central topics, the production
yield of hydrogen gas under �-radiolysis can be higher in the
presence of solid surface such as silica, alumina, zeolite, and
other metal oxides than in bulk water. Henglein,3 Nakashima
and Tachikawa,4 and lately LaVerne and Tonnies5 reported
that production of H2 gas is enhanced by �-radiolysis of water
molecules adsorbed onto oxide particles such as silica, titania,
alumina, and so on. No works have been performed to tubular
oxide-assisted H2 gas production.

In the present communication, we report the usefulness of
asbestos providing high yield of H2 gas under the radiolysis of
aqueous solutions and also report the morphological change
during the radiolysis for the sake of nontoxic treatment.

Chrysotile was mainly used as received. The other amphib-
ole asbestos (anthophylite, amosite, crocidolite, and tremolite)
were also used. �-Ray or electron beam irradiation was per-
formed for aqueous solutions containing these asbestos. Quanti-
tative analyses of produced gases were performed via gas
chromatography. Surface analysis with SEM was used for mor-
phological observation.6 The absorbed dose of aqueous system
and heterogeneous system involving solid and liquid phase
was evaluated by a cellulose triacetate (CTA) film dosimeter.

Ultrapure water and 0.40MH2SO4 were irradiated in the ab-
sence and presence of asbestos (Figure 1). The relationship
between H2 gas generation and irradiation within total doses
of 15–140 kGy for 6 h revealed linearity. Other amphibole
asbestos also exhibited higher production yields than any sort
of oxide particles such as silica and alumina investigated in this
study and another one.5

Incidentally, can the production yield be changed under
longer lixiviation period or higher dose of irradiation? Two
series were performed to see it. In the first series, chrysotile fiber
which had been leached in 0.40M H2SO4 without irradiation
for a day was used. The systems having these asbestos resulted
in the highest yield: double value of solid square ( ) in
Figure 1 (not shown). The morphological structure by SEM
did not show any difference from original chrysotile within these
ranges of dose irradiated by �-ray. In the second series, chryso-
tile after irradiation in 0.40M H2SO4 at much higher dose of
1.0MGy was used, resulting in only a half yield of square ( )
in Figure 1.

Structural information can account for the relation between
dose and specific surface area as shown in Figure 1b, in which
the specific surface area of original chrysotile was determined
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Figure 1. Influence of irradiation into heterogeneous asbestos–
water system; (a) Production of H2 gas as a function of 60Co �-
ray dose in water ( ) and 0.4mol/L H2SO4 ( ). All asbestos
were weighed at 0.100 g (5wt%). A variety of 5wt% using
JAWEs’ (Japan Assosiation for Working Environment Measure-
ment) asbestos (1: crocidolite, 2: amosite, 3: chrysotile, 4: trem-
olite, 5: anthophylite) and oxides (6: quartz wool, 7: silica gel,
8: �-alumina, 9: silica, 10: �-alumina) contained system are
compared. (b) Increase of specific surface area in chrysotile
(5wt%) by irradiation and lixiviation. 800 keV electron beam
was used. Chrysotile in water and H2SO4 was set in a petri dish
covered with kapton� seal. Specific surface area was estimated
by BET method using N2 gas.
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as 11.25m2/g. Chrysotile is comprised of sheets of tetrahedral
silica in a pseudo-hexagonal network joined to sheets of octa-
hedral magnesium hydroxide. Acidic leaching is considered to
lead layered silica disordered. Outer layer forming ‘‘brucite,’’
Mg(OH)2, is partly leached in H2SO4 without irradiation, result-
ing ten times higher value of specific surface area (�100m2/g).
This unveiled sample in the first series was the most efficient
material for gas production. Up to 3.0MGy irradiation, specific
surface area was increased doubly and saturated at around
the 200m2/g; however, gas production yield was smaller
for the irradiated samples. Therefore, it seems that dislayered
structure of asbestos contributed surface spreading with nano-
fibrils peeled, resulting in low production yield of gas.

The SEM pictures in Figure 2 illustrate the alteration of
chrysotile by lixiviation with irradiation. When chrysotile was
leached in H2SO4, the slight change of bundle size was found
(C). Bundle network spread more and more with increasing dose
of electron beam, making interlocking structure of fibrils (D).
Formation of particles assigned to MgSO4 (E) was promoted
so that nonfibrous parts prevailed over original fiber (F), (G).
In 17.8M H2SO4, no more fibril was observed (H). Although
chrysotile was decomposed, other amphibole asbestos, antho-
phylite, amosite, crocidolite and tremolite, did not change
morphologically in spite of 10MGy dose, leached in 17.8M
H2SO4.

The EDX data indicated that Mg2þ was trapped inside the
Si–O network (Table 1) even in the sample (H). The concentra-
tion of Mg2þ in supernatant was measured by inductively cou-
pled plasma mass spectrometry (ICP-MS). Total concentration
CMg was almost constant in either H2O or H2SO4 within 50–
500 kGy. The results of H2SO4 indicate that almost all the
Mg-containing sheet was leached from original chrysotile, and
morphology of residual silica-containing solid was changed
while keeping constitution.

The treatment with 2.0M NaOH after irradiation revealed
complete dissolution of fibrous products. Furthermore, reduction
of CrVI in aqueous neutral or basic solution was promoted by

�-ray irradiation in solid-coexisting heterogeneous system.7 In
conclusion, irradiation against asbestos in solutions can promote
the hydrogen gas production and cause the morphological
change of chrysotile without providing heat or chemicals.
Further investigation using spent fuel8 from nuclear industries
will be a great help to deal asbesto decomposition in the ‘‘chemi-
cally green’’ way.
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Figure 2. SEM images of a fragment in chrysotile fibers irradiated by 800 keV electron beam. (A): original, (B): after 10.0MGy
irradiation in water, (C): nonirradiated in 0.40M H2SO4, (D): after 2.0MGy irradiation in 0.40M H2SO4, (E): the deposition of MgSO4

onto silica surface. (E) is an expanded view of (D), (F): 10.0MGy irradiation in 0.40M H2SO4, (G): 10.0MGy irradiation in 0.80M
H2SO4, and (H): 10.0MGy irradiation in 17.8M H2SO4.

Table 1. Elemental composition (%), Mg/Si and Mg/S ratio
obtained by EDXa

SEM image Mg Si S Mg/Si Mg/S

A 54.20 45.80 — 1.18 —
B 30.52 23.18 — 1.32 —
C 22.79 27.65 — 0.82 —
E 21.14 3.66 19.57 5.78 1.08
F 18.71 26.58 15.32 0.70 1.22
G 10.60 24.69 7.91 0.43 1.34
H 5.31 23.76 33.39 0.22 0.16

MgSO4 21.76 — 23.62 — 0.92
aValues on E were obtained from particles.
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