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The Method of Measuring Particle Size Distribution of Layered Double
Hydroxides(LDHs) Using Ultrasonic Attenuation Spectroscopy
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(College of New Materials and Chemical Engineering , Beijing Key Laboratory of Enze Biomass and Fine
Chemicals, Beijing Institute of Petrochemical Technology , Beijing 102617, China)

Abstract Layered double hydroxides (LDHs) , as a high-performance non-precious metal electrocatalyst, possess
remarkable advantages in enhancing the oxygen evolution rate and reducing hydrogen production costs. The particle
size of LDHs directly impacts the effective exposed surface area and intrinsic structure of catalytically active sites,
thereby significantly influencing the activity duration and catalytic efficiency of LDHs in the electrocatalytic oxygen
evolution reaction. Consequently, achieving online detection of LLDHs particle size distribution holds significant
importance for controlling LDHs synthesis and enhancing their catalytic activity. Based on the unique characteristics
of LDHs, such as small particle size and distinctive morphology, this study introduces a novel approach for online
measurement of particle size distribution (PSD) in LDHs suspensions via ultrasonic attenuation spectroscopy,
marking the first-time application of this method in the field of LDHs particle characterization. The principal

challenge in measuring the PSD of LDHs suspensions using ultrasonic attenuation spectroscopy lies in the
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requirement of system-specific properties for both the dispersed and continuous phases, which are often elusive to

acquire. To address this challenge, this research utilizes principal component analysis (PCA) in conjunction with
error backpropagation (BP) neural networks to establish a predictive model. Additionally, by incorporating genetic
algorithm (GA) for model optimization, the challenges associated with ultrasonic attenuation spectroscopy are
successfully addressed. The model is validated using a CoFeAl-LDHs suspension system. The results demonstrate the
effectiveness of the PCA-GA-BP neural network in the online prediction of LDHs particle size distribution within the
suspension system. The predicted values exhibit a high degree of resemblance to the true values in terms of peak
shape, displaying minimal deviation in peak height. The mean squared error (MSE) between the predicted and true
values is calculated as 0.1497, and the model fitting coefficient R* stands at 0.9768, thus indicating the efficacy of
this method as an accurate approach for online measurement of LDHs particle size distribution.

Keywords Layered double hydroxides (LDHs) ; Ultrasonic attenuation spectrum; Online detection of particle size

distribution; bp Neural network ; Genetic algorithm
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Fig. 2 Device diagram of the ultrasonic attenuation measurement system
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Fig. 3 SEM images of CoFeAl-LDH with different grinding time
(A) O min; (B) 3min;(C) Smin; (D) 7 min; (E) 9 min; (F) 11 min.
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Fig.5 Schematic diagram of ultrasonic attenuation measurement
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Fig. 6 Ultrasonic attenuation(A) and PSD(B) of CoFeAl-LDH suspension system with

different grinding time
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SR i A P ) 284 B2 /D L SERPRIAR 5. 28 wm BN F] 0. 87 pm. S AFEE R[] 5 0 F 1 min
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157, WA WS B R 3E, LDHs Rif2 R/ AR G35 — , SUEIE NI . XL & B, B —HFEE )
[[1]] N CoFeAl-LDHs EL PR 3 1 75 2 Jal i34 T 592 0K 2 DKL EE A3 A i 2 GO0, FRRIERA 138 3 e
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PR I 28 5+ FNAR SR A AR B RE 77, H AT JCISAE SR Ak BE Jy T #1 & A5 45  e, # 12 v
T35 | AN EE Tolk 0k >, A Gl MATLAB R2022a 34 S BLFMI AL 7Y () e .

ST AR T RFEER A 4> 90, 1, 2, 3, 4,5, 6,7, 8,9, 10F111 min 1 CoFeAl-LDH £ A R 1Y
R TR AR A0 A B , 1 SR A mapminmax BRECTEAEIEA T -1, 1 EBAIE—1k, #a i Fard
iy AFRLEE 1 WA A5 | RSB (] AT, P 5 DR A 0, 48 P Tl s . AR S ] 4330 kv 0, 2, 3,
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BP Pt 25 00 28 iy A2 i LR 25 s R B O T A RSB IR, AR N 48 4m A2
T RBCEE T AFEAS GBS 20l 85 ) BT & 9 S 80800 17, B th 2009 558058 T AR AS CRLEE 43 A1
B ) PCA FR4E)5 BT & S ECN 4™, B2 88Tl s h = Vi + 0+ o SF7H0E, o m A0
n T BRI L A2 S5 RSB o TR B (ae [1, 10D, E B RS2 S8R 2 A
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Table 1 Mean square error( MSE) of different network structure models

Network structure MSE of training model MSE of testing model
17-5-4 0.1334 0.1244
17-6-4 0.1377 0.1225
17-7-4 0.1371 0.1159
17-8-4 0.1406 0.1136
17-9-4 0.1365 0.1191
17-10-4 0.1295 0.1342
17-11-4 0.1416 0.1479
17-12-4 0.1397 0.1268
17-13-4 0.1610 0.1252
17-14-4 0.1332 0.1335

E 1SSy EEST et = BURiolin N EAY TS W s U] D B U AL B XS GUE Ve
T B 2 T 45 30 IR 2 . 0 ) S5 F0DAS T R T BB T T Ak 2 i i U, il o Z2 vk 5%
PFE BEPE17-5-47 T 48 LE A P57 PCA-GA-BP S 2 45 . BP 4128 I 265 g — A~ 52 B K e i I
VA4 R i, Mtk — Rl RS | A AL Bk (GA) SR RIS i AL . GAME N —Fh s kU5 s, H
JRER A AL AL H AR AT R A R 4 R A, T R A 2 S R AE S, HA R A 2 /s
FHEERRE S, RN SRR S R R AL RE )12 B CA ISR R AL AR ECh 250 1%, FhRERLAR Jy
50, 2 SHEH0. 5, A HK0.001.
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Fig.7 Structure diagram of PCA-GA-BP neural network model

2.3 PCA-GA-BP#Z M &= BRI 45

DI EEISH B 43 3R 0, 2, 3,5, 6, 8, 9FI 11 min B9 8 4 LDHs A 774 28 (18 A 2 Y R 2 43 A 50 Hi
YEUNZRAE . i SR GA XHEERL ) b AUE AT BUE A T 5 P SHE, W 8 i, Bt AL AR B GA R
VT X D0 4% 2 B R AT 6 A R BT, I 8% i AR B

Best fitness (Y| ZRiR 22 ) AW/, B 335 3 e/ ME e

0. 1034 TR A MU, 156 B i 2 19X 45 (A BCIEL R 158 (L 0115

EoA AL, B EA T Al I ROR ORI AL §

BRI A 45 BP 2%, VERIIZRIRI IR S5, 1% 2 010

B INZRKECH 3000, FRIEVIZRCR T oM. B E &

WA 0,01, H/NEPRRZE N 0.001, W HIZR 0.105

KX BRI A A IS . B5SR L ey s
A R=0. 9919, By 7125 4 0. 1334, EIMZ ) Hterations

W% 2 e RAFI2E 2T BT . Fig. 8 Best fitness varies with iterations

2.4 PCA-GA-BP #£2W &= 8 I8

BERFEE I IR] 23504 1, 4, 7 F1 10 min A4 CoFeAl-LDHs k77 14 28 75 T sl B0y ARSERY , By [ S
42 IR Z P LDHs AR 43T . KRB T 25 2 5538 120 Mastersizer 3000 FUSOH FE {325 2 ) 12 1) 4 41
LDHs K7 BE M 25 A X0 LI IE , 7521 AR R Z0R0RE 7370 A SR FRRLEE 23 A S0 45 AL W &1 9 s

B UEZE L, X T ARSI ] A 1, 4, 7 110 min A4 4 2H CoFeAl-LDH 27 F{A % , 18 PCA-GA-BP
2 O 25 AR TR SR 1 TN A5 2] (AR FEE 43T 45 R 5 LS B R T AR, W s AR . AR B BT
P83 T 420 LDHs 2 IRK 2 09 SRR EE /34, W 10 B/, 4 256 0E 1A 22 SRR BE A0 A7 IR R 43 2 440 ok
BRZEEIKRN 0. 0746, fr/NR—0. 0218, FHXFERZEIR KN 0. 9640, fiz/NA 0. 0042, A T4 Xof 5% 22 FHAH X 1
ZEVIHE T2 N . SEER IR A BT 4 4L IGTE IR R REURFL %355 D10, D50 F1 D90 B Kifs i 4
PR GHIXF IR 2, 4aRHRZE R AN 0. 1633 wm, /R 0. 0012 pm, XTI H AN 0. 2908, /N A
0.0034. Ay JE/RARFYBARFIMI AR , SCI6 i 2155 4 B0 R 1A Z2 00 52 40 A7 (1 RS 780 T 0 25 SR 5 Sz o il
RN B IR 2E MSE 0. 1497, BRIHLG L R2=0. 9768, 1368 PCA-GA-BP #1245 X CoFeAl-
LDHs 7£ B TR 28 AR 43 A1 EL A8 v 1 I 5
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Fig. 10 Error(A—D) and relative error(E—H) of the cumulative PSD of CoFeAl-LDH verification system
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AT KA LT MgAL-LDH, X HFEAT T XRD RAE, FIFHREHHEE AN % T 12 A
WFEE I [E] T (1) MgAL-LDH B VAR 2, R FA SO 5280 T XS [RIWFEE I ] F MgAl-LDH 7E B PR R & op
W7 A AR LR AT . TF 5 4 4 MgAL-LDH 56 UE & 2 BRURL B 43 A1 (A B 20 R 4 SR 2 fe KA
0. 0632, fix/NH-0. 0473, AHXFIRZER KN 0. 8362, Fe/NA 0. 0050, FE TR 45 5 55 52 R E 45 5 i i
Y1 )riR2: MSE M 0. 1647, BERULAHLEE R*=0. 9479, TEMZ )5 1 B g RUF B9 8&E 2k . AH S 20 il i
X R A5 R O AN FA S E R

3 &%

DI TRI A S 1] Y CoFe Al-LDH 7 B V74 22 o A 75 20 i M JEht , 2545 FE oo M8 4 BP 4
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HLPE A B ZELR MR . B PCA-GA-BP #1252 ) 4% T 4% S 53 1o Mastersizer 3000 F IO S8 280
TSR T TR LT, TR LA L R2 4 51A E 0. 9768 F10. 9479, 158 B M 75 5 ik ] LAXT
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