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Abstract: Superhydrophobic granular materials were prepared with desert sand for ecological restoration. The
influence of surface structure, including the amount of surface coating resin and content of micro-nano materials,
on the hydrophobicity and impermeability of the superhydrophobic granular materials was studied. Considering total
volatile organic compounds( TVOC), its variation and environmental performance of so prepared superhydrophobic
granular materials were evaluated when the hydrophobic calcium carbonate or activated carbon were used as
supplementary micro-materials. The results show that the granular materials coated with pure resin only show
hydrophobicity with a contact angle of 90.5°. Rising surface rough structure can greatly improve the hydrophobicity
and impermeability of superhydrophobic granular materials, and the two-level rough structure is better than the
one-level rough structure. When achieving superhydrophobicity, the static water-resistance height of

superhydrophobic particles with two-level rough structure is 255 mm, and that of superhydrophobic particles with
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one-level rough structure is 230 mm. The TVOC adsorption curve shows that the superhydrophobic granular

materials prepared by activated carbon possess good superhydrophobicity and environmental-friendliness, with the

TVOC concentration in the air reducing by about 86.7 % .

Key words: superhydrophobic granular material; surface structure; hydrophobicity; impermeability; environmental

performance
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Fig. 1 Particle size distribution curve of desert sand
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Fig. 3 Influence of resin content on contact angle and static
water resistance height of resin coated granular
materials
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Fig. 5 Influence of resin content on contact angle and static
water resistance height of superhydrophobic granular
materials

2.2 —ZRAERE S5 M X B R K R 305 1 BE B R i
2.2.1  —GUHCRMUBESS O BT K RS PERE R
TROR G A 12 50 R /K UL fih £y S LK e

JE RIS AN IE] 6 s . py B 6 R UL AU BOR G A 44 14
M R RS S R, B IO SR 45 A3 R i

154.0 240
g
152.0 1230 £
=
~ 150.0 | 1220 éﬂ
k> 1210 ‘g
= 148.0 £
5 {200 Z
g 1460 | g
= {190
[} Q
O 144.0 1150 B
2
142.0 + 1170 =
wn

140.0 160

020 040 0060 080 1.00 120 1.40
w(micro-materials)/%
6 BOK G A 15 ik o gt K URE 32 fih £ K BT K
25 JBE FR) 5 W)
Fig. 6 Influence of supplementary micro-materials content
on contact angle and static water resistance height
of superhydrophobic granular materials



964 @®mOs M

B %254

IRCURE -4 fnh £y B BE 1 7K 0 B2 T8 ¥ 00 K 5 S IOR 9
M5 1.00% i 8 s K UKL 14 422 filh 75 S Bt K
o JEE TR B R R, T TP AR, AR il A A /N
P 3, AR 249 76 150.0° LA I L 302 PR Ay R it /K
R THT -5 7K 4 i 1T BRA BR 1T 55 K 0 fl o B A
B e 32 BN 00 3R 1 B =S 1] R 2% A5 R o SE T
JK i 5 JFC 2 fk ) [0 948 T BR o L, B LR kR S 2
FRgs .

(a) w(micro-materials)=0.25%

222 — AN 45 A8 X B K UL 3B TR RE Y
Al

AR YK GBI, FL B X R K UKL 4 ik
£ T WU K B 52 e 40 P 8 T . pR TR 8 BT AL, B
YRR A A 4B R 00 R, R R K UK E K P T
B R R ANAE S FEGUOR A A B R 0.70 %6 B
2 fil £ 35 2 150.0°, HA 88 11 /K BOR 50.80 %0 A i i
IR FIURE B 7K RN BT IB P 38 B 0 £ 1) 490 K G5 A s
Bk, RHE Al R 153.2°, K B2 4 230 mm.

160.0 260
1550 | . 10 g
A0 2
150.0 - //" 1220 £
6-\ Q
e - =]
3 1450 200 3
g —
E 1180 £
= 1400 E
2 1160 %
£ 13501 1140 5
O =
130.0 - 1120 2
i g
125.0 {100 £
120.0 ‘ ‘ ‘ ‘ 80
0 020 040 060 080  1.00

w(nano-materials)/%
P8 K Al b 45 o X et /K TR 5 fih Ay B e ok
1o JEE HY 5 M
Fig. 8 Influence of supplementary nano-materials content on
the contact angle and static water resistance height of
superhydrophobic granular materials

TP 1 0 RAL AR AR (P K R L) J2 232 0
KL T 7K P LR SBORE E BR AL B A 5 ), 2 R D

& 7(a) . (b) 43514 0.25% F1 1.00 % 19K 2% %k
M5 & T K R T — 2 OK L RS 45 4 1
SEM & . fiy Bl 7 77 UL« fok 8 48 B (it 7K 78 ik 12 45 )
SR A HR I 25 AR, 7E 0.25 % 55 T (K UKL o A B
TR R 352 ¥, 3R THDRLRE 25 4 #/ s 7E 1.00% £ 5 R ]
B B Ko B W OK G A, 3R TR R 25 4 B ., 2
G PERE R AR, 2 WIOHLRES 25 F4 x R8  ZK UKL 1Y g 7K e
BB A B

(b) w(micro-materials)=1.00%

Pl 7 g K UKL T — 2 ROK HLBE 45 4 79 SEM

Fig.7 SEM images of one-level micro rough structure on the surface of superhydrophobic granular materials

UL RS — Zt, 1R 9 BT K e 3 252 3R T
KA (& fi ) B2 W), DR Y i /K PR TR 2 s,
YUK i B W EEALRAF AL K9 R T 0.8000 4K
AR5 B R K BORL 2 T — 2R 4N KRR S5 4 1Y
SEM & . i [ 9 AT B, 44 K S5 b1 ot K 788 — S A )
P ARLBRAR ,0.80 06 45 5 T A0 RL 2 T A5 A B8 K )
WA AT A ORGP A RO R 2 HES I 1 i
RIS LAY .

: S
9 0.80% 4N K4l b1 45 i T AR B /K Uk 2 1 — 2
4 K HLRE 25 74 11 SEM &

SEM images of one-level nano rough structure on the

Fig. 9
surface of superhydrophobic granular materials with
0. 80% nano-materials

2% KRS 5 M XoF B I K AL BL0S 1 BE B R I

JIR AV T GORURE 254 7 R 45 A S b BT IR R (K
Ha) 15 20 SRR 2548 2 45 4 vl AN [ ROEE A9 gt 7 R
I 1) 52 B, D A ey I S0, T AR08/ [T 9 S T
PR A0 55— R Mt 45 4 3 T 2 () B AT R i 2
e, TR e AR T B K PR AR AR 2.2.0 BT ST 4

2.3



5 93]

g M, A - A A AT A BORE 2 T 25 A4 R 5 K FROR R AG AE 965

R T E WOR G A 48 1t 0.50 04, 8 3 B2 40 oK 2%
AT 45 Ok 45 R TUORDRE 25 4, 0 BAT T GUHLRE 45
Ay 2 THT B4 i 7K R i K R BT 8 PR HE AT E TS 25
AR ILIE 10.

156.0 260
g
154.0 - £
1250 =
S
6\ (5]
$ 1520 "
) ) 2
=] <
3 150.0 E
Q 7]
g / 1230 =

5 L /
& 1480 / §1§
/

460 /" 1220 8
e 7

144.0 ¢~ 210

0.10 0.15 0.20 0.25 0.30 0.35
w(nano-materials)/%

10 —ZUHLEE S5 K T 98 K S0 B 42 d o i i 7K B0R:
22 fh £y T AT K e BE 1 5 T
Fig. 10 Influence of supplementary nano-materials content
on contact angle and static water resistance height
of superhydrophobic granular materials with

two-level rough structure

H 10 0T LLE H S 9K i #4288 0.10%
BF, Bz fi ff1 /N T 150.0°, A 35 B8 5 K R 5 B 40 K
FEM BRI 2 UK R TE A GOR P M B 5N
0.20 %6 B, 42 fnk 71 35 21 e KAE , 101 5 422 foh o 450 b
U 3 P 5 R K R B BT R K R B B 4 K A
445 3G I0 I 4G K, 2 90K G A 1B ol 0.35 %6 B
YUK 7 BE 1k 3] 255 mm, X 2 i T 3R b K i
Bl 58 4 9 40 K S A 0K ZE 7 9 K G A kS 1
T ) S TR AR A A b B Y 9 0K G b ORL 23 E
P 7K = B I B 43 1 R e K R 48 B, 5 B0
B R B ARR , o K s B 1

1147 0.20% 94 K Gl M4 42 5 g 7K Uk

P11 0.20% SRR 45 0 F i /K ORL R T — 21
HLBE 45 F 19 SEM K]
Fig.11 SEM images of two-level rough structure on the
surface of superhydrophobic granular materials
with 0. 20% nano-materials

F O T YORDEE 25 4 19 SEM I . i &1 11 AT L3 I M
WLELF G4 K G5 1A 25 B HE SSOK G A 3R 18T, A TAT IR
BT AN [R) RUBE 1) 22 GORLBE 250 . 5 — Z0OM B 45 44 AH
LE L 78 35 B B /K R0 e (BRI fl Ff 76 150.0°LA | )
YO B S R PO L T — GORLRE 5 0 R otk —
GOML R 25 K4 A7 R T B TR B K ORI 5 K M DL Rt
2.4 BEKBAIRERUFAR

SRR A IR Hh R OT R AR AR R R AR RN A
TG 1 AR, DRy B A B AR Y 2R T RE L H SR AR
R85 3R T TR T T ) D) 2 0 = U A R I K R
il £ o A v S OR T ko b e AR P R R LR A,
T PR SR 3 A M A AR I R A P
G W) 23 BB A b T, (AR S R R AR
A R m e S R RRRAC . B w15 & A L
& ia B AR R L, B ALHE A A B ¥
DL R A Ak B A E T 6 K UK 1 A Ao R v A
B VRN A, 7 A 1 R R A WL A P I AS B4
LS, 55 3 FH IR 78 8 S 0 B 3k U0 AR
HsiAS &, PR B R R P e 0 A B o
AR5 SR AN [R) FH 28 118 25 7K B35 P e A9 oK 184 A I 285
SEBFGE R 5T M B K UK AE A ) A A B P i 3R
PRt
2.4.1 I Mg FH a6 R A LK W B o AR Y

Al

PRI RL AR A8 pm 14 25 7K B 3% 1 s FH o XF 156 R
TR (CHL,0,) A HLAE A Wy W B 2k 7% 1Y 52 e, 25 1
WE2 fros . E 120 0 S 3% v &= 2.8
12 g I, 35 B V- #4 J Jox 5t Wk 1 B ] 43 391 Oy 374
1240.2 173 min, B35 P o & 5 35 3108 1 15 A& i
R B ) B L, T M R TR AR AR

80.0
ool :__ -
m(activated
_ 60.0 - : carbon)/g:
= 500 | P —2
20 ro--8
£ 400 P 12
3 I
2300 |
Q
200 :
10.0 - !
0 500 1 000 1500 2 000 2 500
Time/min

B 12 IR PR 5 A Y CHL, O, IR R 2k
Fig. 12 CyH,,0, adsorption curves under different
activated carbon consumption



966 FESE R A S I

o5 25 %

F2 245 T U P e W I TS B S AR A T T
BRI .l 28 2 T, SR K R I 1 e 1 T 34 I R o
N 32.97% . =T AR A B rh g ) Y 4 kR R
0.33 g/min, B fg #5850 0.75% B, il 4 1 ol Bk
TOURE T 7= A 4 R MR LI B Y B D 2 475.0 g,
DO ) - 57 4 W WAL 442 % 1 A WL 0 7 S S o S 7K R
T ME B Y B i 240 7 506.8 g, BIVZE il 45 3k A2 b 4 SR i
KGR R TS N R RLAE 48 pm 2R K AU TS P R 45 1 4N
0.75%.

£2 EMRBEMEEREEHLSRMAR

Table 2 Mass change and adsorption efficiency of activated
carbon before and after adsorption

my/g my/g m,/g /%
2. 00 107.90 108. 53 31.33
8. 00 107. 10 109. 86 34.45
12.00 105. 30 109. 27 33.12

2.4.2 BB BE G KBRS R

R T 58I O S A ORLTE AR 7 A R Y B R
PE X 8 B 7K OB TR K G b 43 1) Ry i 7K R ik TR
F SR K BT M o B S R APEA LGP (TVOC) #F
A7 W BRI 2, 235 SR n &1 13 i s

40.0
® Ordinary superhydrophobic
35.0 + A granular material
e Activated carbon
30.0 + superhydrophobic
P granular material
‘.{5 25.0 v J | |
2200
\(é . Nano
& 15.0 Coating i Micrq , roughening
stage roughening stage
10.0 ! stage 1\.
50 F r— o ! \'
o N |
‘ ‘ L " —e——9——o
0 20 40 60 80 100 120
Time/s

BI13 BB K UL ] o 3 R P ) TV OC W B i 2%
Fig. 13 TVOC adsorption curves during the preparation of
superhydrophobic granular materials

i P 13 Al WL - e B B By B, th T I A 2
B R A A LA A W B3 A R R R B S 25 ik
oK /A K GORLRE 235 4 14 R A DR O 7 3 308 it /K R
F8 ) e ak A v AT G XA R R A R A HILAE
BWHEH X 2 S s A TVOC i i e 52 3%
5 i TR R HE R B /N T W
TVOC JFik e B Tt A 5 78 BIOK ZORDRE 45 14 14 2
B B, 15 1k 3 AU A BT 4 KR O R S8 A i A I

TVOC JF i i B A7 /0 B8 Bl % #5 % M A HLAk &
W38 W, 23 S I TV OC iR B 3% T AR,
il £ 1t & v TVOC T vk B e KA R 36.07 mg/m’;
SR I M 1 VR S SOK G A B, |l T 0 R e AR
L T ol N 0 N T A L L S BT TR e e el )
TVOC J5t f #e B L 38 38 48 5 7K J0RE 241K 5 1 1 ok 18
AJG TVOC JFi ik B R B2 R B 9ok G i A
2 S By TVOC B ik B 2 38 B Fa e RS, il 4%
R H TVOC i ik B e KME R 4.81 mg/m’, %K,
W) TVOC JoT i 9 B2 FEAIR 2 86.7 06 % i Pk e A oy
FHOK 2 %l A 1) 8 45 310 1 8 i /K SR 2 7 1 B 3
HodEfol o ok 151.8°, PUER/K = B R 220 mm, H AT 6
IKPEBE .

g5 b R A S TR B K BURE Y it AR
T P I AR A AWK A ek T WA S SRURS %Y R 7 7 S ot A v
PR W HE R A DL S W M LT B K R R R S, 2%
K I3 e T DL AE AR AR ) R GF 08 1 B K M 1
[vi) Bt o5 ) ot LA A S 8 IR AR ELAR AR T R
AR A T2 AR A SR L i TVOC
JoT 5 Ve B A AR BRI K-

3 HHig

(1) 4% 3 o i /K 00K 2 T — ZROHL R 45 4 I, A 2
T i 8 B — 2 B9 2R AF T Bl A 28 B, L vk
YRGS VR BE 2 4 o, HT 8 M 18 i i 2K WOk 15 1) 4
BLR R 7 AR AL .

(2) 3% THIHLAS 45 # 1) F4) 3 0 8 6 7K 0B 19 3 7K
PEFIGE Ve A — % e B 0 BB ), 24 38 21 i 7K
ORI, BA7 2 10— Z0OR1ReE 25 74 (9 i /K UKL 5
PEUE T B A 3 1 — SRR 4544 14 i i 7K R

(3) 78 A 7= il 4 1 72 b, 5 5 K L B R 85 A
FU , 25 7K BT 1 5 A R BOK Gl A, T AT 2800 R R
e AR I A LS o A v R AR R R A AL S
E R 35 10 it DIC S 1 R A T Bt 7 o B AT SO S Y
PR A

S Uk :

(1] RIFE . R AP 2 RS R —— DL H AT 5 AR Y %
FARR N BILT]. PR s BT E T, 2019, 34(3):8-18.
FUKUI Wataru. Biodiversity and environment in cities-A case
study of birds in urban and suburban areas of Japan[J]. Journal of
Human Settlements in West China, 2019, 34(3):8-18. (in Chinese)

[ 2] 7= SeiAbsh 220 R BR S ML LB (D ] Eebk . T 5 il
R, 2017,

LI Yan. A comparative study of dynamic changes and driving



94

g M, A - A A AT A BORE 2 T 25 A4 R 5 K FROR R AG AE

967

[8]

mechanism of desertification [D]. Guilin: Guangxi Teachers
Education University, 2017. (in Chinese)

L%, dmnn, FoEE, G5 ALE BRI R ], A
RS @2 T AR, 2021, 19(3) :37-41.

WANG Zhen, SU Lili, GUO Huibin, et al. Research progress
of chemical sand-fixing materials [J]. Chemical Propellants &.
Polymeric Materials, 2021, 19(3) :37-41. (in Chinese)
QADIR M, SCHUBERT S, GHAFOOR A, et al. Amelioration
strategies for sodic soils: A review [J]. Land Degradation and
Development, 2001, 12(4):357-386.

SHARMA S, DUA A, MALIK A. Polyaspartic acid based
superabasobent polymers[J]. European Polymer Journal, 2014,
59:363-376.

BOHLEN H, SCHOEN M. The lotus effect at the nanometer
scale - Capillary evaporation in rectangular nonwettable grooves
[J]. Fluid Phase Equilibria, 2007, 256(1/2) :137-144.
NAMAVER F, CHEUNG C L, SABIRIANOV R F, et al.
Lotus effect in engineered zirconia[ J]. Nano Letters, 2008, 8(4):
988-996.

BARTHLOTT W, NEINHUIS C. The purity of sacred lotus or
escape from contamination in biological surfaces [J]. Planta,
1997, 202:1-8.

KA AR, INVEEE, P24, 55 VERTB AR BT R IX
MR R A [T]. Aol B IR, 2017(9) £ 30-31.

DU Xidong, SUN Huigin, XU Xingwen, et al. Influence of
"shengtal" permeable impervious sand on survival rate of
afforestation in arid sand area[ J]. Forest Science and Technology,
2017(9):30-31. (in Chinese)

R, FEE, MR, 55 OB BL/K 5 K 0 2 1 45 H S

[11]

[12]

[13]

[14]

[15]

ARPERERTFELT]. il AL, 2011, 28(4) :402-405.

SONG Jinbo, ZHENG Duo, MEI Mingxia, et al. Study on the
surface structure and hydrophobicity of superhydrophobic
composite water control sand[J]. Oilfield Chemistry, 2011, 28
(4):402-405. (in Chinese)

WA, AR, WAL, A5 I AR ) A B 2 1 SBORL AT
FELT) BB SR AL, 2018, 45(11):143-145.

LUO Tianxiang, REN Zengmao, HU Yongquan, et al. Study
on the preparation of impermeable and breathable particles by
phenolic resin[J]. New Building Materials, 2018, 45(11) :
143-145. (in Chinese)

AT, AEbk, BV, A5 B EUK BRI AT SR LT ] AT
BALBE L, 2019, 47(11) : 1-5.

PENG Huagiao, LI Lin, Xia Zuxi, et al. Research progress in
anti-ice performance of superhydrophobic material [J]. New
Chemical Materials, 2019, 47(11):1-5. (in Chinese)
JAFARIR, MENINIR, FARZANEH M. Superhydrophobic and
icephobic surfaces prepared by RF -sputtered polytetrafluoroethylene
coatings| J]. Applied Surface Science, 2010, 257(5) : 1540-1543.
KUK, IhEE, IMH B, 45 B B /K 3% A0 v R VRO & A= 90 Bk
LI 5 2 AT T ], Bk 222240, 2012, 28(5) :1206-1212.
LIU Tianging, SUN Wei, SUN Xiangyu, et al. Mechanism and
condition analysis of condensed drop jumping on super-hydrophobic
surfaces [J]. Acta Physico-Chimica Sinica, 2012, 28 (5) :
1206-1212. (in Chinese)

VENKATESWARA RAO A, LATTHE S S, NADARGI D
Y, etal. Preparation of MTMS based transparent superhydrophobic
silica films by sol-gel method[J]. Journal of Colloid and Interface

Science, 2009, 332(2):484-490.



