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Abstract: Water savings were investigated in the Midrex unit of the Chadormaloo Mining and
Industrial Complex, located in the Yazd desert region, in order to reduce fresh water consumption. The
return flow of the cooling gas scrubber was selected to be 100 m*/h and the return flow of the overhead
gas scrubber to be 200 m/h. As a result, although the concentrations increase to an acceptable level,
much more water can be saved than the amount returned. For example, the concentration of stream 513
increases from 70 ppm to 270 ppm. Instead, it can save up to 600 m*/h. Assuming the specified clarifier
inlet flow rates, the minimum required treatment diagram is drawn. Assuming a removal ratio of 98%,
if the return flow of stream 508 to stream 503, exceeds 200 m*/h, the clarifier cannot treat up to 50 ppm
and is not suitable.
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Introduction: The steel industry is a driver of economic growth in the world. The advanced Midrex technology
is highly efficient in the production of sponge iron. In the Midrex process, the furnace exhaust gases contain
suspended particles and gaseous pollutants that require purification (Kiventerd et al., 2016). The purification
process is based on the direct reduction of iron ore with reducing gases (hydrogen and carbon monoxide); and
demands a significant volume of water (Ramezani Moziraji et al., 2024).

The Chadormalu Mining and Industrial Complex, located in the desert region of Yazd province, uses Midrex
technology for production (Jiang et al., 2013). Declining groundwater resources, increasing salinity of existing
waters, and high costs of supplying water from distant sources are among the main problems of this unit, which
highlight the need for optimal water resource management.

Optimization models can provide solutions to improve system efficiency by analyzing operational data, such as
pollutant concentrations, water flow, and energy costs (Zaccara et al., 2022). Indirect approach such as energy
recovery from Midrex wastewater using the Kalina cycle (Salemi et al. n.d.), increasing water productivity and
reducing operational downtime by implementing Integrated Water Management Systems (IPS) (Colla et al. (n.d.),
optimizing water networks by using flow-based modeling (Zaccara et al. (2022) appled for reducing demond of
water in Chadormalu Project. However, limited studies have specifically addressed the optimization of the water
network using return flows and pinch analysis. In this study, the role of return flow to scrubbers in optimizing
water consumption is investigated.

Methodology: Operating data were collected from the process flow chart of the 194 tph Midrex unit. These data
included flow rates, suspended solids concentrations, and the inlet and outlet characteristics of the overhead and
cooling gas, as well as the clarifier.

The key system streams were initially identified as follows: stream 503 (freshwater inlet to overhead gas scrubber),
508 (overhead gas scrubber outlet), 513 (freshwater inlet to cooling gas scrubber), 515 (cooling gas scrubber
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outlet), and the clarifier inlet streams (531, 528, 594, 518, 556, 555, 540, 536, 573, 574).

Then, the suspended solids concentrations in the inlet streams to the scrubbers were taken as the maximum
allowable limit and at the clarifier outlet as the maximum allowable outlet limit (50 ppm). Later, different local
recovery schemes were investigated in each scrubber separately and simultaneously. For the top gas scrubber, the
recovery was assumed to be from 508 to 503 and for the cooling gas scrubber, the recovery was assumed to be
from 515 to 513. Mass balances for each case were used to obtain new concentrations to determine the freshwater
savings and concentration changes. Afterward, the minimum freshwater consumption and minimum effluent
treatment were targeted using pinch point analysis. Combination plots were drawn to identify pinch points.

Pinch point calculations were performed using MATLAB code, the accuracy of which was verified by reproducing
solved examples from the book Chemical Process Design and Integration (Robin Smith, 2015). The output of these
calculations shows the minimum freshwater flow rate required.

Results and Discussion: Fig. 4 is related to top gas scrubber. The left-hand graph of Fig. 4 shows the water savings
in terms of the return water flow rate of streams 508 and 503. The dotted line is simply the effect of the return
water and the solid line is obtained from the pinch calculations. For example, where we are only allowed to use
the return flow at an inlet flow rate of about 400 m*/h, the savings are the same 400 m>*/h. On the other hand, if the
required amount of water is provided from other processes, there will be more savings than the recycle method.
For example, at a flow rate of about 400 m>/h, the savings are about 600 m3/h.

Fig. 5 is related to the cooling gas scrubber.The left-hand graph of Fig. 5 (comparison of water savings) shows
that at the same flow rate (e.g. 200 cubic meters per hour), the solid line method saves up to 600 cubic meters per
hour of water, while the dashed line method only saves 200 cubic meters

Fig. 6 assumes a constant cooling gas return flow rate of 100 tph and a variable top gas return flow rate. Pinch
calculations show a synergistic effect.

Fig. 7 shows the graph of minimum treated flow rate versus return flow rate of 508 to 503 (with a constant flow
of 100 m3/h from 515 to 513), assuming a 98% removal ratio in the clarifier. According to this graph, an increase
in return flow rate of more than 200 m>/h will increase the clarifier outlet concentration beyond the 50 ppm limit.

Conclusion: For example, a suitable recommendation based on the results of pinch calculations, which is proposed
for operational evaluation and economic estimation, is as follows. The return flow of the cooling gas scrubber set
at 100 cubic meters per hour and the return flow of the top gas scrubber set at 200 cubic meters per hour. In this
case, although the concentrations increase to an acceptable level, theoretically much more water can be saved than
the return value. For example, the concentration of stream 513 from 70 ppm reaches 270 ppm. Instead, it can save
up to 600 cubic meters per hour. Based on the specified clarifier inlet flows, the minimum required treatment
diagram is drawn. Assuming a removal ratio of 98%, if the return flow rate from 508 to 503 exceeds 200 m*/h, the
clarifier cannot treat to 50 ppm and is not suitable.

© 2024 University of Zabol, Zabol, Iran.
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