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Design of Chemical Additives with Polyphenyl Sulfonate Derivatives for Surface Texturing on
Monocrystalline Silicon
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China; 2. Xi'an Lanqiao New Energy Technology Company Limited, Xi'an 710020, China)

Abstract: High-efficiency, green, stable and economical texturing molecules and the relative additive composition are considered as
one of the key tasks to obtain a light trapping structure with an ultra-low reflectivity and to improve the photoelectric conversion
efficiency of monocrystalline silicon solar cell. In this work, polyphenyl skeleton was used to strength the interfacial interaction
between silicon crystalline face and texturing molecules, while sulfonic, hydroxy and alkoxy groups regulate the texturing sites.
Sodium 6-naphthalene disulfonate, sodium 2-hydroxy-7-naphthalene sulfonate, sodium dodecyl diphenyl ether sulfonate and sodium
lignosulfonate were selected to investigate their texturing effects. The results show that larger molecular size, dispersed polyphenyl
skeleton, flexible molecular structure, abundant hydroxyl and alkoxy groups for polyphenyl sulfonate derivatives facilitate the
generation of a continuous, uniform and dense pyramid structure on monocrystalline silicon surface. Based on the comparative
experimental results at different reaction parameters (i.e., texturing molecule structure, concentration, reaction time and temperature),
sodium lignosulfonate was selected as an effective texturing reagent. In a low mass fraction range of 0.000 6%—0.06%, the single use
of sodium lignosulfonate can lead to a low reflectivity of 15.84%-26.94%. A low-concentration and high-stability additive
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composition with 0.015% (in mass fraction, the same below) sodium lignosulfonate, 1.1% sodium dodecylbenzene sulfonate and

2.0% 2-hydroxy-B-cyclodextrin can be obtained via systematic orthogonal experiments in the presence of a surfactant and an

antifoaming agent. A desired texturing surface featured with a uniform, dense pyramid structure sized at 1.7-1.9 um and an average
reflectivity of 9.89% occurs at 75-85 ‘C for 200-400 s when adding this additive into 0.65% NaOH aqueous solution as a corrosive
agent. This work can provide a reference for the development of green, efficient and practical additives for texturing on

monocrystalline silicon based on polyphenyl sulfonate derivatives as a texturing agent.

Keywords: monocrystalline silicon; solar cell; surface texturing; reflectivity
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Fig. 1 Chemical structures for a series of polyphenyl sulfonate derivatives Al to A4
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Fig. 2 Reflectance curves and SEM images of different monocrystalline silicon pieces textured by A1-A4
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Fig. 3 Reflectance curves of silicon pieces textured by A4 under different concentration and corresponding SEM images

(a) SEM image of Si-piece textured A4 at 70 C (b) SEM image of Si-piece textured A4 at 90 'C

(c) SEM image of Si-piece textured A4 at 100 s (d) SEM image of Si-piece textured A4 at 720 s
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Fig. 4 SEM images of silicon pieces textured by A4 under different reaction temperatures and times

223 NVIFEIXEISRBCRIOEM REEEAER]  SEAFEBTEG K NaOH #BGR EEIZHIFE 0.65%, A4
S P R E TS FROREE T EAL AR R R 0.015%, SANRERE N 80 C, Hi—



« 1832 - CREFR Eh22 4D

J Chin Ceram Soc, 2023, 51(7): 1827-1834

2023 4F

SRS T 100, 300, 420s Al 720s AN[F] R E] R
A3 LSRR SRI S5 M . S 4 AR T8
BRI 28.23%. 18.47%. 16.37%AH1 16.66%.
npE 4c SEM MR FR, MBS 100 s B, 7R
Tk 3R R T D E AR A TR AN 0.2~0.5 um
FEERAN AN e e o - (S R SN i LT T R e v a0
ok I, B RE W 5L 3 4 NI )05 B 1 2k
IR o IR gk SR B ZI T (R, [ BB AR 78 70 1A T
VERXTEL, MR AIEK A 7208 Ji, SR HEMR
JFI AR K, K& I8 g K ATk 4.0 um. 1k
Gb, WSEEMZITE, e T EY IR RFFE 1.0 um LA
T, FEEANRIAIE— TR, T LR &R
5, WORTEELZAHEUNIMANREE . RN A%
N TE],  PAGRAIE BRI A, i i - 55 T3
AR ORI NS T 2R S5 MR M RE
2.3 WA R =B HRMFIFRE LR
BRI A4 B BEHESE T
SERITE R R GRS, R e R T A D &R
SEATE S INPPRE X, TR G| NSRS RN Sk
YA 7R Sk — D R i e R e P A,
TR ANIEYE R TR, (23E BT TR IR PR =

(a) SEM image textured by bi-components

(d) Cross section image

(b) Pyramid size distribution

(e) Atomic force microscopy image
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Fig. 5 Pyramid morphology of silicon pieces textured by bi- and tri-components additives
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