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HEINT A—

kl = 1.157967e-06 L/mol/s

k2 = 4.550436e-04 L/mol/s

CAe = 5.531618 mol/L

=== BRI ® v (EEHBE vs HHEE ===

t = 0.5 h : Y obs = 0.01100, Y calc = 0.01174
t= 1.0 h : Y obs = 0.02150, Y calc = 0.02201
t = 1.5 h : ¥ _obs = 0.03040, Y_calc = 0.083018
t = 2.0 h : Y obs = 0.03610, Y calc = 0.03618
t= 2.5h: Y obs = 0.04030, Y calc = 0.04035
t= 3.0h : Y obs = 0.04420, Y calc = 0.04313
t = 3.5 h : Y obs = 0.04490, Y calc = 0.04494
t= 4.0h : Y obs = 0.04610, ¥ calc = 0.04609
t 24.0 h : Y_obs = 0.04740, Y _calc = 0.04801
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import numpy as np
import matplotlib.pyplot as plt
from scipy.optimize import minimize

& RBT-H
tdata—nparray([ﬁs.‘n 1.5, 2, 2.5, 3, 3.5, 4, 24]) * 3660 # G4Af [s)
Vidata = np.array([e.611, ©.6215, 0.0304, 0.0361, 0.0323, 0.9442, 0.6443, ©.6461, €.8474])

* NmEE

CA@ = 5.8106 # mol/L
CBO = 5.8881 # mol/L
alpha = (B@ - CA@

def model_CA(t, ki, Che)
beta = Che * (CBO -
a=1 - beta
b = alpha + 2 * beta * cA@
C = -beta * CAB*#2
D =b%*2 -4%a*c

Chp + CAe) / (CAB - CAe)**2

if D <= @ or a == 8:
return np.full_like(t, CA®) # T5-E#M

sqre_D = np.sqrt(D)

ri= (-b+ sqrt D) / (2 * a)

P2 = (-b - sqrt_D) / (2 * a)

coeff = (CA® - rl) / (CAB - r2)

exp_term = np.exp(-a * k1 * (r1 - r2) * t)
CA_t = (rl - coeff * r2 * exp_term) / (1 -
return CA_t

coeff * exp_term)

di

&

f objective(params):
K1, CAe = params
CA_model = model CA(t_data, k1, CAe)
¥_model = 1 - CA_model / cAa
return np.sum((Y_model - Y_data)**2)

& YT ELER

initial_guess = [1.2e-5, 5.5316]
bounds = [(le-8, ie-4), (1.8, CAB)]
res = minimize(abjective, initial_guess, bounds=bounds)
¥ B

k1_opt, CAe_opt = res.x

# k2 OFHE

k2_opt = kl_opt * CAe_opt * (CB@ - CA® + CAe_opt) / (CA@ - CAe_opt)**2

4 HEdE

kl_opt, CAe_opt = res.x

4 k2 OFE

k2_opt = kl_opt * Che_opt * (CE® - CA@ + Che_opt) / (CA® - CAe_opt)*+z

# B AT -5

t_fit = np.linspace(B, 24%3688, 500)
CA_fit = model_cA(t_fit, kl_opt, Cae_opt)
Y_fit = 1 - CA_fit / CA@

# RBRLCEIZETIVE
¥_model_points = 1 - model CA{t_data, kl_opt, CAe_opt) / CAB

# IWT7ouk

plt.figure()

plt.scatter(Y_data, ¥_model points, label='Data vs Model', color='blue')

plt.plot([@6, max(¥_data)], [@, max(Y¥_data)], "k--
plt.xlabel{'y (Observed)')

plt.ylabel('Y (Calculated)’)

plt.title('Parity Plot')

plt.legend()

plt.grid(True)

', label='Ideal'})

# BRI TOy b

plt. figure()

plt.plot(t_fit/36ee, Y_fit, label='Model (smooth)', color='blue')
plt.scatter(t_data/3600, Y_data, coler='red’, label='Experimental Data')
plt.xlabel( 'Time [h]')

plt.ylabel('y (MPC Yield)")

plt.title('MPC Yield vs Time')

plt.legend()

plt.grid(True)

plt.show()



# JwJ-IbH D

print("=== #FE/(TA—-4F ===")
print(f"kl = {kl_opt:.6e} L/mol/s")
print(f"k2 = {k2_opt:.6e} L/mol/s")
print{f"CAe = {CAe_opt:.6f} mol/L\n"}

int("=== BRHZED v(EHRE vs HHE ===")
For t h y_obs, y calc in zip(t_data / 3688, Y_data, Y_model_poin tsj
print(f't = {t_h:>5.1f} h : Y_obs {yl: .5F}, Y_calc = {y_ 1.5F})
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2.0 0.0361 0.0361
2.5 0.0403 0.0414
3.0 0.0442 0.0454
3.5 0.0449 0.0485
4.0 0.0461 0.0509
24.0 0.0474 0.0617
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ki1 =1.156850e-06 L/mol/s



k2 = 4.545194e-04 L/mol/s

Cae = 5.531593 mol/L
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