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Abstract : Halloysite nanotubes (HNTs), the multiwalled clay mineral with the composition of Al,Si,Os(OH)4 * nH>O, have been
highlighted as a low-cost adsorbent for the removal of dyes from wastewater. Although a powder of halloysite presents a high
specific surface area, forming media are significantly considered due to sludge-clogging induced by the water-bound
agglomeration. However, higher firing temperature to achieve the structural durability of the media and lower utilization rate due
to longer penetration depth into the media act as hurdles to increase the dye-adsorption capacity. In this work, the retention of the
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adsorption capacity of halloysite was evaluated with methylene blue solution after the heat treatment at 750 C. In order to

improve the utilization rate, tubular media were fabricated by extrusion. The images taken by transmission electron microscopy
show that HNTs present excellent structural stability under heat treatment. The HNTs also provide superb capacity retention for
MB adsorption (93%, 18.5 mg g''), while the diatomite and Magnesol® XL show 22% (7.65 mg g'') and 6% (11.7 mg g ™),
respectively. Additionally, compositing with lignin enhances adsorption capacity, and the heat treatment under the hydrogen
atmosphere accelerates the adsorption in the early stage. Compared to the rod-type, the tubular halloysite media rapidly increases

methylene blue adsorption capacity.

Keywords : Halloysite, Tubular media, Adsorption, Methylene blue, Thermal stability
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Figure 1. X-ray diffraction patterns of the halloysite powders (a) as
prepared and (b) fired at 750 C for 3 h, air.
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Figure 2. N, adsorption-desorption isotherm of the halloysite
powders (a) as prepared and (b) fired at 750 C for 3 h,
air.
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Figure 3. TEM images of the halloysite (a, b) and the Magnesol® XL (c, d): the powders were (a, ¢) as prepared and (b, d) fired at 750 C for

3 h, air, respectively. (bar=10 nm)
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EDS (energy-dispersive X-ray spectrometry) 42 53] &=
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Figure 4. 6 h-adsorption capacity of MB for halloysite, diatomite,
and Magnesol® XL powders as a function of firing
temperature: as-prepared (blue) and fired at 750 C for 3
h, air.

Tgk oEl RARBAL tha We g2 trehit6.12), ol
Yool E 40 W2 24 % WATE Holo] 7% 4
glon], 27 el 34 B FAZL & Aeh11s). v
oA, B U BRE 98] 24 F40] AAEE Aol
A GRO|Ao|ES FHS FROIA 1Y feid 24UL
g1e 4 9irk.
3.3. ZZOIAOIE 2H| HZE U BE 2SIt

YA YAl 42 F25 YL WkuA, By © B
3 GzolAtolE BAIE 247k Pstol, Hi7] B917] 5750 T

Hu
mjok

olr



A3 TESC,
GNTECH CENLAB

10.00 mm

SEM MAG: 100 x Det: BSE

Figure 5. Photo images of (a) rod and (b) tubular types of halloysite
media fired at 750 C for 3 h, air and (c) a SEM image of
the tubular halloysite media.
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Figure 6. SEM images of (a, b) halloysite and (c, d) halloysite-15
wt% lignin tubular media fired at 750 C for 3 h, air.
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Figure 7. 6 h-adsorption capacity of MB for the halloysite-based
media as functions of firing temperature and lignin
content.
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Table 1. Relative Archimedean densities of the tubular halloysite media with or without 10 wt% lignin

20 samples Type
for a type M-HA M-HLIA
Mgy (8) 1.2099 1.1434
Myyb () 0.7370 0.6971
Mgy () 1.4999 1.4299
Relative density* (%) 61.98 60.90

*Relative density = 1 - (mgy - Mypy) X (Mye - msub)'l
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Figure 8. Adsorption capacity of MB for the halloysite-10 wt%
lignin media fired at 750 C for 3 h, air, as functions of
adsorption time and their shape: (a) tubular (M-HL1A,
red solid triangle) and (b) rod (R-HL1A, green open
circle).
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Figure 10. Adsorption capacity of MB for the halloysite-10wt%
lignin tubular media fired at 750 C for 3 h, air, as
functions of adsorption time and their firing atmosphere:
under (a) air (M-HL1A, blue horizontal stripes), (b)
sealed chamber (M-HL1V, red oblique stripes), and
(c) hydrogen (M-HL1H, gray solid)
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Figure Al. N, adsorption-desorption isotherm of the halloysite

powders fired at the range of 400 C ~ 800 C for 1 h,
air.
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