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Objectives : In this study, a performance prediction model for a pilot-scale VOC adsorption column was
developed using ANN algorithm. We compared the prediction accuracy of the mathematical models (Thomas model
and Yan model) and the multiple linear regression model with that of ANN. This study showed the applicability
of the ANN model for predicting the performance of activated carbon columns.

Methods : The adsorption module contained 79.8 kg/module of wood-based activated carbon. The gas with 800
ppm-THC of toluene flowed downward from the top at about 5,700 m*/h. The breakthrough point was taken as 200
ppm-THC, the same as VOC emission regulation. The desorption was carried out using 130 m’*/h of hot gas
flowing upwards with reduced pressure (-150 to -200 mbar) and high heat (170°C). Adsorption and desorption
cycles were conducted 6 times using 3 batches of activated carbon modules. Thomas model, Yan model, multiple
linear regression model, and ANN model were developed to predict the breakthrough of C,./Ci.

Results and Discussion: The Thomas model and the Yan model provided the R? values of 0.25 and 0.28,
respectively, for predicting the C,./Ci, of all adsorption module batches and cycles, and the prediction accuracies
were low. This could be because these two models do not consider temperature and pressure change operating
conditions in the models. Also, the prediction accuracy of C,,/C;, was low when the initial inlet concentration and
flow rate conditions were different for each batch. The multiple linear regression model considers all operating
factors in the model, but the prediction accuracy of C,,/C;, was low as R? of 0.45. On the other hand, the ANN
model predicted the C,./C;, with R? higher than 0.97 for all adsorption module batches. In particular, even with
the non-ideal data, the ANN model derived a breakthrough of Cout/Cin close to the experimental value.

Conclusion : The ANN model provided high prediction performance for the breakthrough of C,,/C;, even under
non-ideal operation conditions and was expected to be helpful for actual THC adsorption column operation. The
accuracy of the ANN model will be further improved if data are accumulated under various conditions.
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Table 1. Structural properties of the modified activated
carbon for VOC adsorption module.
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Table 2. Average and range (in parenthesis) of operating condition and adsorption capacity for VOC adsorption columns, Each
adsorption column batch was operated in 6 cycles.

Batch Inlet Conc. Flow rate Top Bottom Temp. Top pressure  Bottom pressure  Adsorption capacity at
(ppm) (m’/h) Temp. (C) (Q) (mmAaq) (mmAq) Cout 200 ppm (9/g-AC)
1 520.2 5,669 16.4 17.3 67.6 26.1 0.43
(7 -1,000) (14-7,119) (7.2-34.3) (9-36.7) (2-114) (0-100) (0.41-0.46)
5 660.4 5,700 19.3 20.2 70.4 16.2 0.43
(10-950) (9-6,530) (10.2-295) (11.3-31.1) (5-86) (0-33) (0.40-0.48)
3 610.1 5685 17.4 17.8 64.6 17.4 0.42
(3—995) (0-6,660) (10.5-25.8) (9.8—-26.4) 0-114) (0-100) (0.40-0.44)
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Fig. 1. Operation condition of 6 cycle adsorption experiments of 3 batch VOC adsorption columns. Adsorption column batch
1: (@), (d), (g), (i), (m), (p). Adsorption column batch 2: (b), (e), (h), (k), (n), (q). Adsorption column batch 3: (c), (f),
@), (), (o), (r). Each panel contains operation condition of 6 cycle corresponding to the batch column. Operation condition
includes inlet concentration, flow rate, top and bottom temperature of the column, top and bottom pressure of the column.

CHtalz 28l5|A| M453 115 20234 11 473



Mita Nurhayati et al.

0.6

0.5 °

0.4

0.3

Cout/Cin

0.2
o

Time (minutes)
0.6

Cout/Cin

0 50 100
Time (minutes)

150 200

(c)

0.5
0.4

03

Cout/Cin

02

0.1 42

0.0

0 50

100

150 200

Time (minutes)

O Cycle 1 O Cycle2 O Cycle3

Cycle 4

O Cycle5 O Cycle 6

Fig. 2. Breakthrough curve for 6 cycle adsorption experiments of VOC adsorption columns. (a) batch 1 column, (b) batch 2

column, (c) batch 3 column,

cycle Hlo]E 9] 70%E ANN & ak5of ARg-5F31aL, 30%E
test AJEZ AFE3l9tE ANN 24l =22 Matlab2 2 43
skt

23. 2Eo dl5ds &AM
7j4-% Thomas, Yan, MLR, ANN 299 of| 242 R?9}
RMSE Zre & w|mstgicy?

C 2 C c 2
. s (B = Eeapmeen) = Zis (Eiemp = Eiprea) (3

n

C C z
P (B D exp = (Fpre,
RMSE = j 1( Cin P " Cin P d) ©)
n
o -
3. a0 nE
3.1.VOC Szt mtup=4M 24
S B A B4 TR 54 FA5H, F
W = 52 A Ad A 83 YRS ATF Table
2 9 Fig.12 52 AF 59 2§ BE bache] 59
[T, B AR L o 2%, Y AR L ok Y wet
WeIoh S-S LrEhiich. BE AN FAT exEd

o
=

o254} PO 2E batch @ =
A7k AT HAER 3709 B bachi 16020022 &
o

g

it
N
A
o
o

cycled

AWl T 5Esh EE Yo, s el
Bt 042 g ACE ek o] Aol wEm A

op

474 ). Korean Soc. Environ. Eng. Vol.45, No.11 November, 2023

E=
gﬂ%% &2} binding site7} ng] -’PJJE] ‘Zi% ‘IH(%
ATt LT AR SR shATE = A
011/\1% HH% F&=7F VOC Hi& 5= 200 ppmol] =S
o AT $20 24 Akl A A0 Y
opaleia e,
F2+e] 32 BE batchol A AT 6 cycled] ¢
S50 H] (Cou/Cin) THF541S HERHATE o4
Ae S el A H meFolxgH? 2 Ao
2 & VOC & =7 2xdske] ghaf=419)
ANt P E QI ARt wheh EfAlA o R Wehs &
o] JFo= Qs AR cycle?] what=Al(batch 1]
cycle 1, cycle 4 @ batch 3 cycle 1 5)o] vH|AAIA Q] wfalatAd
Felg moc vk, At e exzdus) A3
batch 2 BE-L T} ol M8 AT A2 g vt
A4S ey
SpAE £ S FY Y 83 2B 2o Sl
QFEL W §9 FEAh w24S Mg}

binding siteS W2 A 2$-7] wj ol mHbagto] FropA|m,

!

o
—L

Y

Jo 1IF Eg
N, ol of
rlo

o &L
fg

= PN' > B oof
NN e e

[

3 79) 2017} ZojA FaAe) o] Zvfsto] mhahAl
Zro] ZojAITk! 123 9 epo] F71eE T FHA}

Sgete] 71 o2 sharsle A7 Aakstel Szl B
oA T &2 429 batch 2 BEQ] &9 =2 el
Fig.1(b)= =9, cycle & %7] §% H%7} 580 ~ 900 ppm
2 t}Z2t} Batch 29] ZF cycle 54 5=+ cycle 2 > cycle
3 > cycle 1 > cycle 5 = cycle 6 = cycle 4 02 L7}
o 27449 e FERAE FAEA ol et

1= I IRUSSMAS)

i)
o



o
TS
0x
J0
N
fon
it
o
<
o
O
2
>
~
ju
40
ron
]

%
rm
jor
]
Y
o
0x
olr
=2
I
=]
=
i
oC

or 1

I

Data for coefficients
Data time range

batch 2- cycle

Expelrllament for coefficient  Temp. (‘C) Flfn‘:\g /r:)t - 4 or batch 2- b:tCh 2, all batch,
(i) o all cycle all cycle
batch 2- 0-180 12-16  5184-6386 218-649 2.04x10-3 1.67x105 0.5283 0.6015 0.2370
cycle 4 100 - 160 12-14  5184-6296 533-617 2.02x10-3 1.70 x 105 0.5265 0.6010 0.2353
batch 2- 0-180 14-19  4838-6521 391-610 2.31x10-3  1.49x105 0.7272 0.6072 0.2530
cycle 6 100 - 160 14-15  4865-6521 391-610 4.58x10-3  1.24x105 0.7705 0.5811 0.2543

Y &%= Z}oli= batch 29] cycle'd TabA|7E 2folof] ok
njzl Ao s AdE £, cycle®] 27] £ =7 2
= gtapafzte] g2 AE el SickFig. 1(b)). a4ATr
batch 29 cycle 62] 79, 7% F%7} cycle 1] vl 5ol
L Etstar ghaba)zte] cycle 13} f-AFSEH=T, ©]+= cycle
62 o] cycle 1o 3| &7] wj#Ed 4= 2ckFig.
2(e)).

<7 6 cycle EQF = batch BEOA 25
TIAIZE Zhas ZRFo] ke R] ghoith wUsl

& 9 cycle H 2 x710] thas Zol7t QI
Aehet gt F= oSnd /e 91siAl+=Fig. 1]
W ohFe A8 7F o] vhE|ojof it

3.2 pEZ M5 H|lW

3.2.1. Thomas 22! A|E3j|0|M

Thomas @& ©]§3}0] Co/CinE AN5317] YA A
A md Aol K@} gr =%0] o3l Table32 &+

AREL 7Y FE R FFol /Y PHoIUd batch

2-cycle 42} cycle 69 SAAE F7H0~180 min)d} AF A
o] £ QHg2l 77H100-160 min) ©lo|EIE THgte] 4
(3)©.2 AXE Thomas W& A4S Lebulch 123 A4
=l Thomas B3 A=E i) batch 29 E} cycle(cycle 4 H|©]E
B2 A& 1y A= cycle 69 cycle 6 Hlo]E 2 ¢ w4l
A= cycle 49f A AR, i) batch 29 =& cycle, iii) &
£ batch®] BE cycle dlo]E] MEo| -85} Thomas 23
CoulCin 1% 4%6& R 3122 UeEhiglct. Table 3ol viep
W HRel o), Kret gr Fko] cycle 9l HlolE 7 E 2 thas
z}o]7} Qllon ol= FU3 T2 BE batch -2 cycled|
A L2 WS Kot gr 3ol S vxlths Ae
Uehuic.

Al4HE Thomas Hdl =5 &-85to] th2 HloJE] AEY]
CoulCin %8| o5 4 HlwL A3}, batch 2-cycle 69
100~160 minoflA] @& mell 47t iAoz 22 R g
velfglch oS Sof, batch 2-cycle 49] C,,/C;, T EH] o=
o g4 R Zho] 0.73019Ick. 12t £ mel A% batch
29] BE cycle(batch 2-all cycle)d} BE S& W5 batche}

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2

1.0 1.0 1.0
£ (Y /

2 = 2 = R
9 0s | (@) R2=0.7705 "1 o8 (b) R. 0.5811 sl F ///

7 o o

-— [ 2 C
3 o6 . gt 06 o 06 > e ©
3) -7 ¥ ¥
5 04 v " 04 04 ¥ R2=0.2543
Q 2 . ° . ¢
© 02 it + 0.2 02
3 . 2 £
& 00 ‘et o A 0.0 .

0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0

Measured C out/ C in

Fig. 3. Predicted G,/ G» using Thomas model with coefficient derived from 100~160 min of batch 2-cycle 6 versus measured
GCoud Gin. Prediction of Goud G, for (a) batch 2-cycle 4, (b) batch 2-all cycle, and (c) all batch-all cycle.

Table 4. Yan model coefficients and R? of adsorption breakthrough curve prediction for other data sets.
R? of Coud Gi» Prediction

Data for coefficients Operation condition

Yan coefficients

Experiment e tlme_ range : Flow rate Inlet Conc. KY batch 2- cycle batch 2, all batch,
D for coefficient ~ Temp. (C) (m’/h) (pom)  (’mg'h?) W (mofg)  4orbatch2- cycle  all cycle
(min) cycle 6
batch 2- 0-180 12-16 5184-6386 218-649 947x10° 827x10° 0.5837 0.5507 0.1640
cycle 4 100 - 160 12-14 5184-6296 533-617 596x10° 1.22x10° 0.6804 0.6849 0.3070
batch 2- 0-180 14-19  4838-6521 391-610 898x10° 1.04x10° 0.6251 05321  0.1440
cycle 6 100 - 160 14-15 4865 - 6521 391-610 568x10° 1.31x10° 0.8146 0.6845 0.2865
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Table 5. Multiple linear regression coefficients for adsorption
breakthrough curve prediction.

Intercept Bo -0.0677
cycle B 0.0055
Time 5> 1.64x10°
Bottom temperature B3 -0.0036
Top temperature Ba 0.069
Bottom pressure Bs -0.0011
Top pressure Bs 1.57 x 10
input concentration 57 -9.77x 10®
Flow rate Bs 7.63x10°
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Table 6. Varied operation conditions for ANN model to predict breakthrough curve of the adsorption column. When one of the
parameters was changed, the other parameters remained the same with the batch 2- cycle 2 condition.
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