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Ms. Krypton from EcoGreen Sdn. Bhd. was tasked to scale up a continuous
fixed-bed adsorption column for the removal of residual drug (paracetamol)
from pharmaceutical effluent over molecular sieve ZIX (p = 897 kg/m?3). Her
intern, Ms. Gerald run the lab-scale adsorption process using a packed bed
column (diameter: 5 cm & length: 12 cm). The feed solution having a solute
concentration of 520 ppm paracetamol and a density of 938 kg/m? entered
the bed at a flow rate of 0.03 m®min. Through computational fluid dynamics
analysis, the height associated to non-idealities in the lab-scale adsorption
is 1.3 cm. By analyzing the breakthrough curve of the lab-scale adsorption,
the break point occurred at 9 min, while the ratio of usable capacity to total
capacity was 0.57. Considering the capital cost, the desirable actual height
and cross-sectional area of the upscaled column were respectively 97 cm
and 50 cm?. Later, Gerald realized that she wrongly applied the regenerated
ZIX as fresh ZIX in her lab-scale study. Regenerated ZIX contained an initial

solute concentration of 0.05 kg paracetamol/kg ZIX.

i. Discuss TWO (2) contributing factors to the non-idealities of a
continuous fixed-bed adsorption column.
[4 marks]

ii. Determine the break point of the upscaled column if the non-idealities
contribute to an additional column height of 7.7 cm.
[8 marks]

ii.  Determine the saturation loading capacity of the ZIX adsorbent bed.
[5 marks]
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A microalgae cultivation wastewater has sodium (Na*) and chloride (CI™)
ions with a respective ion concentration of 0.03 M and 0.04 M. To comply

wuth the discharge standard, the efﬂuent should be treated by a strong base-....

VOf solution, separately. SBA exchanger is unreactive towards the aqueous

co-ions, so their attachment onto the resin is impossibie. Evaluate the

[8 marks]
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A hot solution from an evaporator containing 130 kg of trisodium phosphate
(NasPOs) solution at 55°C. The aforesaid solution serves as the feed stream to
an isothermal cooling crystallizer at 25°C for the crystallization of NasPO4
S..For anhydrous--NasPOs salt; its

solubility in water (cs in g solute/100 g so \;'éﬁf) is positively correlated with
temperature (T in °C) by the cs = 0.0051T2+0.6007T-1.1455 relation. The

mother liquor exists in saturated. solution- state-after the crystallization. The
average heat capacity of the feed solution is assumed as 2.71 k:J/kg-K. The heat
of solution for NasPO4-12H20 at 25°C is 62.76 kJ/mol. Throughout the
crystallization process, 7% of the original water evaporates on cooling. Given the
molar mass of compounds (in kg/kmol): NasPOs (163.94) and NasPO4-12H20
(380.12).

a. Caleulate the water:solubilities::of NasPO4 in both supersaturated feed
liquor using the relative. supersaturation

concept and the solubility-temperature relation.

[5 marks]
b. Determine the yield of NasPOas:12H20 crystals.
[10 marks]
c. Determine the heat change of the crystallization process.
[10 marks]
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The increasing demand for high-purity oxygen (Oz) in medical, industrial, and
emerging energy applications requires efficient and cost-effective separation
technologies. Membrane-based separation offers a promising alternative to
conventional methods like cryogenic distillation. For this evaluation, five (5)
membrane materials have been selected to separate Oz from atmospheric air.
The feed air composition is 21 vol% Oz and 79 vol% nitrogen (N2) at a pressure
of 400 cm Hg, with a flow rate of 10000 cm3 (STP)/s. TABLE Q3 provides the

permeability data of the membrane materials, all with a thickness of 10 nm.

TABLE Q3: Permeability data of membrane materials for N2 and O2

Membrane (cma(s#l;)i?nr?(qceri?ﬂm Hg)) (cma(s%)%(zy(fni?g%m Hg))
Material A 4.9 x10° 5.0 x10°
Material B 3.0 x10° 1.5 x10%
Material C 2.5x10° 2.0 x10°®
Material D 1.0 x10°° 2.0 X104
Material E 1.2 x10°° 4.2 x104

a. Evaluate which membrane is feasible to achieve Nz purity in the retentate
of at least 90 vol% with the smallest possible membrane area, if the
permeate pressure is set at 20 cm Hg. Provide appropriate calculation and
justification for your selection.

[18 marks]

b. With the aid of a labelled diagram, describe the membrane mechanism
involved in the separation process. Suggest ONE (1) potential membrane
material for this specific application.

[7 marks]



An evaporator is used to
juice with 25 wt% of solids. The raw juice having a concentration of
9 wit% solids is used for this purpose. The feed enters at 37.8°C and the
maximum allowable temperature for the grape juice is 57.2°C, which will be
the temperature of the product. Saturated steam at 172.3 kPa with a latent
heat of 2216 kJ/kg is used for heating. The heat capacity of the feed is
4.14 kJ/kg-°C. The enthalpy of saturated vapor is 2365 kJ/kg and:neglect

boiling point rise, if any.

i. The plant engineer proposed to fabricate an evaporator with the heat

transfer coefficient of 1704 W/m?-°C. Based on the given .details
determine the feed rate required, steam economy and the area

required for the proposed process.
[10 marks]

Aft few
involved in the fabrication of the evaporator. The plant engineer
planned to modify and use the existing film type evaporator with the

proposed new overall heat transfer. coefficient of 1260 W/m2-°C.

éDeterminehthe heat trarisfer area required for the given duty with same
operating conditions. The steam economy is maintained as constant.
Compare the results obtained in part (a)(i) with respect to the heat

n 5 I3l [6:marks].

iii. For further modification of the evaporation process in the future, state

éfficiency:.
[4 marks]



= solution  with ‘a negligible boiling point rise is being evaporatéd in a

triple™
effect evaporator using saturated steam at 121.1°C. The pressure in the
vapor of the last evaporator is 25 kPa. The heat transfer coefficients are
given as Ui, Uz, and Us, respectively. Assume the areas in all effects are
equal, sketch a diagram of forward feed evaporator with proper labelling.

[5 marks]
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APPENDIX |

Table A.1: Relative-molar-selectivity coefficients of polystyrene ion exchangers with
‘8% divinyzlbenzene (DVB) cross-linking

Strong-base anion exchange | Strong-acid cation exchanger
(Relative to ClI- as 1.0) (Relative to Li* as 1.0)
Cr 1.0 Li* 4.0
I 8.7 H* 1.27
NOs 3.8 Na* 1.98
CHsCOO- 0.2 NH4* 2.55
S04 0.15 K* 2.90
OH- 0.05-0.07 | Mg* 3.29
Cu® 3:85
Ca?* 5.16
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