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Table 1 Calcium sulfate (dry) composition w/%
MgO Cas0,-2H,0 cr- F Al,O3 Fe,0; MnO, PbO Zno
<0.0100 79.9900 0.2200 <0.1000 <0.1000 0.0077 <0.0100 <0.0100 <0.0100

w is mass fraction.
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Fig. 1 Effect of modification time on the contact angle of 2-CSW surface
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Fig. 2 Effect of modification temperature on the contact angle of 2-CSW surface
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Fig. 3 Effect of trisodium phosphate concentration on the contact angle of 2-CSW surface
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Fig. 4 Effect of stearic acid dosage (mass fraction) on contact angle of 2-CSW surface
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Fig.5 XRD patterns of CSW before and after modification
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Fig. 6 SEM images and corresponding surface contact angle
of CSW before and after modification
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(a) Low magnification TEM image

(b) High magnification TEM image
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Fig. 7 TEM images of 2-CSW

223 AHEREFTAR) T MEI 8 WL, otk
A5 CSW 1] FT-IR LA AR, ] 8 Hh 2-CSW 11
602. 668cm kb SO B L IR ENIE, 7E 1620,
1152cm ™ ib IR T O=S=0 (/RS FREFHEIL i,
1-CSW %}t CSW £ 943 em™ 4k Hi B T P—OH 423
i, PiMIfE 1-CSW [T _FA7E HPO,” . 2-CSW
XFEE 1-CSW 7E 943 e b P—OH % 56 i) /2 ffi %
# 1008cm kb, 2-CSW 7 1401 cm Al 1562¢cm™
A LT FRER R SR B, TE B R R 7 1-CSW
R4 T . 7F 2925cm™ # 2851 cm b
I, X N T —CH—ARXS BRI IR R 5, ik —
U I SRR /A AE : 16 3476cm 1 3517cm ™ /b
(IR AT U ST 87T O—H 4 18 X5t R AW 408 9 S R AS 5
iR, 1684 cm I O—H HEAIAS MRS T
PR 7E 2-CSW 1 EIR 3 AMEA KB R, A
FRAFAERTE. M BL E5r#irml s, 78 CSW R A
(78 5 1 CHLBERR = AE HUAEHERR , Mk 2
T _FUEBA T CSW Bl R — 94 Al I T2 e 1 B A

Intensity

3611 %
3548

4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers/cm™!

B8 DaiknlE CSW 1 FT-IR 3%
Fig. 8 FT-R spectraof CSW before and after modification
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Fig.9 TG-DSC plots of CSW before and after modification
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Fig. 10 XPSfull spectraof CSW before and after modification
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GoatrRHZERE T AEE R C—C M
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Fig. 11 XPSfine spectra of Cls of CSW before and after modification

H & 12a 7T L, Ca2p 45 & RE A T 348.1 eV
F1 35155 eV ik, Kl 12b H Ca2p Hi4h & RELE 12a
TP BRAR, X2 i TR —4H7E CSW KM kA 1k
RN AR T —Ca—HPO,, 1ii—Ca—HPO, F14&
LR HAPENTRICER, WOk E] TR ST,
FE Ca2p 456 RERS A FEMIK. ¥ 12¢ 1 Ca2p HI4G
4B N 347,50 eV A1 351.05 eV, 1, Ca2p 4iahE
BE— SRR, ULBIRE IR S R A R T Cat
J8 4 ffi—Ca—COOR, i T HIER. 44 bik
1] FT-R Aol 1, & B =44 #E ) CSW 3R
[ f7 fE—Ca—HPO, f1—Ca—OH, i iF i iz kb ¥
) 1-CSW FE i /7 fE—Ca—HPO, fl—Ca—COOR,
VLS B T T A RIS, KRB CSW Rk
MEERERE ca& 25 R,

M 2 ] H1, 2-CSW 1 C E e RIE N, R

W fE IR 78 i/ 1-CSW K. [FII RKIA MR
Mg™, XEERF LA F P EHMEN ME, 15
Ca'fd T —FonEk, WEVERAER ML, Bl
Mg™ 2 5 b s R B TE 8 A 2 T

*2 MMHIE CSW XEHFEHNTRMEE
Table 2 Elements and contents present on the surface of

CSW before and after modification x/%
Elements CcsSw 1-CSW 2-CSW
Ca2p 10.54 12.35 10.57
S2p 12.38 7.72 7.48
Ols 49.17 52.04 45.05
Cils 26.58 20.14 31.38
Nals 0 0.70 0.70
Mg 1s 1.33 134 0.24
P2p 0 571 4.38

x ismole fraction.

— 34810 eV
A

A

[ 351.55 eV

Intensity
Intensity

_347.80 eV

__34750eV

351.05eV

__35135eV

Intensity

340 342344 346348 350 352354356358 360 340 342344 346348 350 352 354 356358 360 340 342344 346348 350352 354356358 360
Bending energy/eV

Bending energy/eV

(8 Ccsw

(b)1-CSW

Bending energy/eV

(c)2-CSW

12 KMEATIE CSW ) Ca2p i XPS &4l
Fig. 12 XPSfine spectraof Ca2pin CSW before and after modification
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Extended Abstract

Introduction Rare earth gypsum is an industrial by-product generated from the treatment of wastewater produced by the rare earth
metallurgical process, and its recycling is a strategic measure for the current green metallurgy and cleaner production. In addition, the
filler reinforcing agent for natural rubber in polymersis mainly carbon black or other materials such as calcium carbonate, which will
cause a large amount of carbon emissions in the production process. Calcium sulfate whisker (CSW) is a new reinforcing agent in
rubber composites, while its surface is hydrophilic and has poor compatibility with organic matrix. This work aims at the above
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problem by using inorganic trisodium phosphate-organic stearic acid composite modification, thus changing the surface polarity of
CSW and improving the compatibility with organic matrix.

Methods 20 g/L CSW was dispersed in 100 mL of trisodium phosphate solution (0.005, 0.010, 0.015, 0.020, 0.025 mal/L), then
ultrasonicated for 2 min, and stirred at room temperature to make the solution mixed homogeneously. The solution was filtered and
washed to obtain inorganic modified CSW (1-CSW). Subsequently, 1-CSW was dispersed in 100 mL of ethanol, and stearic acid (0,
1%, 6%, 11%, 16%, 21% of CSW addition) was added to the solution, and the slurry was heated (60, 70, 80, 90 C, and 100 C) in
an oil bath for a certain time (10, 15, 20, 25 min, and 30 min) under magnetic stirring. The final product was cooled to room
temperature, then filtered and washed with anhydrous ethanol for five times, and dried at 100 ‘C for 1 h to obtain the composite
modified CSW (2-CSW).

Results and discussion The optimal modification conditions for inorganic-organic surface modification of CSW were determined
by one-way experiments: CSW addition as 20 g/L, optimal amount of stearic acid as 6% of CSW, modification time as 10-15 min,
modification temperature as 80 C, and concentration of trisodium phosphate as 0.02 mol/L. XRD patterns indicated that the
modified products were mainly monoclinic hemihydrate (HH) calcium sulfate with the presence of a small amount of monoclinic
dihydrate (DH) calcium sulfate, It can be seen that the surface modifier contributed to the transformation of CSW from dihydrate to
hemihydrate calcium sulfate. TEM analysis was performed that the surface modifier existed in amorphous form on the surface of the
whisker. A transparent coating layer on the surface of 2-CSW can be clearly observed. The enlarged TEM image shows that the
average thickness of the hydrophobic layer on the surface of 2-CSW is about 121.26 nm. Infrared spectroscopy analysis shows that
inorganic trisodium phosphate and organic stearic acid were successfully modified on the surface of CSW. Thermal stability analysis
shows that the first mass loss of CSW is perfectly agreement with the theoretical water content in CSW. The second weight lossis due
to the decomposition of stearic acid. XPS analysis of the surface elements and contents proves that trisodium phosphate and stearic
acid are successfully encapsulated on the surface of 2-CSW.

Conclusions The surface modification of CSW was successfully realized through a series of one-factor experiments to change the
surface property of this whisker from hydrophilic to hydrophobic. The optima modification conditions were as follows: concentration
of CSW: 20 g/L, stearic acid modifier: 6% of CSW, trisodium phosphate: 0.02 mol/L; modification time: 15 min at 80 C. The
morphology of CSW remained the original form after the modification, but the crystal structure of the whisker was transformed from
DH to HH, and the surface property was changed from hydrophilic to hydrophobic. The contact angle of 2-CSW reached a maximum
of 104.23 °, and the thickness of its hydrophobic layer was 121.26 nm. The modification mechanism is that the surface of CSW firstly
generates CaHPO; and Ca(OH),, then undergoes a bonding reaction with stearic acid, generating a nanoscale hydrophobic layer with
a Cy7H35CO0-Ca -structured nanoscale. The layer protects CSW from denaturation by the external environment, maintains the unique
properties, and confers compatibility with organic substrates.

Keywords rare earth gypsum; calcium sulfate whiskers; surface interface; composite modification



