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Development of Greening Material Composed of Moss and Porous
Ceramic Containing Waste Silica

Ayako TANAKA, Kentaro YASUI, Kenichi ITO,
Minoru FUJISAKI and Hiroyuki KINOSHITA

Abstract

To recycle silica byproducts and to moderate the heat-island phenomenon, a porous ceramic was prepared by
mixing waste silica powder with clay and then firing the resultant mixture. The high water-absorption capacity of the
ceramic was used to produce a greening material: a moss-covered porous ceramic. To examine the restraining ability
of the temperature increase caused by solar-radiant heat on the moss-covered ceramic, the surface-temperature change
of a moss-covered sample during solar-radiant-heat reception and the amount of water evaporated from the sample
were measured simultaneously. To quantitatively investigate the influence of the water-evaporation heat on the
temperature change of the moss-covered sample, the sample temperature change was simulated by performing a
thermal-conductivity analysis and by considering the heat of evaporation using finite-element-methods analysis. The
experimental results confirmed that the moss-covered sample that could absorb sufficient water could constrain the
temperature increase caused by solar-radiant heat for a longer duration than the ceramic sample. The finite-element-
simulation results indicated that the restraining effect on the temperature increase by the moss-covered sample resulted

from heat of water evaporation.
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Fig. 1 Manufacture of a moss-greening material
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Fig. 3 Thermal conductivities of ceramics

AR OIFRRL W B W T, a7 i e S I
7 RIS T D 2 & Th D, 2 kLI & (e |
A PEELE LT BT, a7y AER T 2 v 7 B
IEETHZ LML TND

PEBERIDOIRE & OEREUENIERICEE CH D, 27
DEGIZHDBNIRN L DI DT DIZITHEE IR IE



VAT NEBRE LIt T 2y 7 B2 o a3 7k b B OB S 63

IMBVIR, BB NNRTED L arpnfinTLED ., 8
WIERER L WEDOREAREL 5, ABFFETIR, 4 HH
DIEEFN DT FIN O RKEEIR DI L 2 H0B Y 222 C
A OEERRZATO, R = 7 OAEFIRER R A>T
bOEEE LT, Lol B Rl 252 B
TETIZEESTRELT, SROMEL L THER- T 5,
Flo 2T 2T LEEDE IS HRORETH D,

2.2 BRI EERRAREEOER

FAE L7z 2 7 AL BB 0 B SIS & 5 IR
RafENd D=0, iz, TR T 2 7 B ot
JEIZOWTIRETT 72012 R O )2 Fik bt
iz B L=, X 413205 E =T,

Y@UTRT L OIS FHEER L4 DD/ RN DR D,
B E R OMREE I (XA 2 B 0 FRRF & OVE P & OEE
R TEDLETRNE DI LT D, X 4(b) TR bk
HERBRER i 3 52k L7 IREE D B E A2 7R LTV 5, & D
S (R 1 EEE 30 mm OFEALZ LM THD,

KD 4 SO = 7 b BAER 7 & OFEL 2 3 i
LC, Bt ORECE I OIRE, FEIENET R, #0kp
D BIEEH NI ~DOEGE 72 E R HET D, K 4(c)DEET
. 27 OFEN 78 B AL EAR A 2 ) o 3 K2 5%
BELTWD,

B, 2R A R BICERE LA O BENC &
BIREE ERANEIZh B A MDD B T2 DI, 3 i LA &
R L7 WS L T 2 MR B DO T, KEIZ T =
TR 2 B L TR,

B ER BRI 21X, B &EE (LPPYRAO2, TV 4 4
— L) RO HBBOK 2 RO TS, ARFHS LY,
ERAFEEJIRZHRIETE %, o, BEHUKIER
WZED, (EEORAICREKEL A THKTE D,

3. RBRAERRUVARERBNOA X

3.1 ERRUERERMBHTOME

2R O BT X B IREE SR, = b
MR L TV B E KD EEATOHRETIIRARS Y,
ZOBNROE N, AT RAEM Ky EETe 2 & T, B
RBMRER R L OMBBIENED D Z & KO3 kb
CARS DIRFEEBDPERN T2 Z L NFRE LTEZBND,

ZFZTAMETIE, £, KoEa ek L ks
BIHIEEORBHI OV T, B FHEAEZ T TV A OE
& RO, L O & PR OB R OBE 21T > 72,
F 7z BRI BT T Ky DAEFEELD 5B 2O TR
T 5720, BB S OKSORFEEEFRCHIEL, &5
KD DEFERNOREAEPHR L2 Y,

WIAZ, KRGy %5 T DR OIRFEZ b & 2858 B & D
FRIZOWTHRETT D720, EBR) B DI 28T Y
THABENREDOAZHIC LV EDNDI L O LEL
T, ARERHEICIVRABOREEZ I 2 b— L, K

Heat flux sensor Thermocouple

Sample
Sample| N/ |

Mortar floor
Fig. 5 Measurement of sample temperature, heat flux

between the sample and floor, and mass changes

Sy DARFEEN L HFBHEE O FIRIZ DWW TG L7z,

3.2 HHOKREEER VKD DEKEDRIE

FBRITIE, Bk S ¥z a RSB R e T 2 v 7K,
HRRIRRED® T 2 v 7 KL ONE L Z LD 4 FRIEO
Wz, BB O HET O T D 150X 150 mm, &S5 10
mm TH 25 (27 LIRS IZ OV T, a7rORESITE
A TR,

Wk SE723RHT, BAN TIRITRF I K S8 CTERICH
W, a iR L2 T X v I ROWKEIL, =k
{EFHEM 2N 150 LA L, €T I v 73K 60g Th D, k&
TIvIRICATEREOST D Z L2 L0 KR EENK
E L HE N3 %,

SIEHSBAEZ T TV DBt & HimORE, &
i & PR i OBGEH, K OV DI EOWE k2 R~ T,
Bt K & B I EEES (DG-K-5m-Y ¥if-. 7 X
DA 2D TS 2 S L0 2 OREE{LERIE L
7o F 7o BUBHE T ORIANZ B & > — (HIOKI, Z2017)
EEDAHT S Z SR Y BUB O E i & R [ O BRI A
WE Lz, 7288, B2 E L2 RIEE S 30 mm OF
JVENAKT, O TR SK 800 mm DZEMTH 5,

H it % 50T T D I OB & DK 5y D783 B il E
i, B REE (BT KR EK-6100i-K, m=— -« 7> R« 71 4k
&) O FIZWiEW B L OB — R (7L IR — b
250%X250 mm, JEX 4 mm, 7 K& v 78 2807k
THEZEES, TOEE2MEMET D L TiioT, Ml



64 (= NS S B O - RS
ERRIE 10 2 TH D, TOMIZ, AFFHZHWTEKA NThoTe, FBORMIBELZLZ BT 5 & Bk

FEERIBEZIE L, 2k, RUREZIC 7 L RS —
FEB Z LTk Y GRELIAAOIRE ER A2 TE 5720
ZTWD,

3.3 ARERMBITOAE

6 T RERMTET VA2 R~T, £72, £ 1 I1TEE
bR T, AREZRMBITICIIILAAREREa— R
Marc-Mentat %z =, AT BT /LI FERIZH W =3B o
Wikl ZF S 5%, AB RIC HENZ X2 —HER R O1 %,
AB. BC. DA MIZiEI L 28R & OBMBEIC L D —HE:
W Oa. KOUKAFDHRIEIT L0 I S5 B 05 & 55 A
SHTWD, KOOERFBIZELDEGER 031, T HAE
B 720 OKOEFEEE 2400 kl/kg LRl L, FEBro b
BT K Gy DFRFE SR L BT S 72 0 OZRSE BN BT
B DZ LI X AR 72 ) OB RO, &
BT, BB R A B < FE T HALREE Y 72 0 DRI
ERILHZLIZEORDT,

4. BRRUEBE
4.1 a7 RAEEEM O B HERMERNR

7(a), (D)IERABIOFEH & EHOBELLEZR LT
%, HHziE, AAKIRR SN B RE (GHI) A fFT

DY T I v 7R ET/Z VDT R 1T 48R R A%
Thd, —I. WKIREEDE T I v 7L, b5 T =
TRHEESEM E RS OBRE TH DM, TO%ITa ket
R L0 B EVEREIC 2 5 TV 5, BB O B E 13 2
FHEE LR UL IICENLL TODN, kb s &
fth DO FRL & OIREZETFIRNC K E < 720 TWB, BLED

Table 1 Computational conditions

Mortar | Ceramic
Density (kg m ) 2238 1800
Specific heat (J kg ! K1) 900 620
Thermal conductivity (W m™' K™) 0.86 0.38
Coefficient of heat transfer between a 55

sample and air (Wm 2K

Solar radiation (W m2)

measured values

Air temperature (K)

measured values

Thermal emissivity

0.9

Heat transfer between the sample and air Q> Solar radiation Q1

Heat of water evaporation Q3
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Fig. 8 Heat flux between the sample and floor
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