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Simple demonstration experiments integrated into the curricu-
lum will aid understanding and facilitate learning. As part of the 
Chemical Reaction Engineering Laboratory course for the final year 
chemical engineering degree program, a simple experiment based 
on pH response is described to quantify mixing in stirred tanks. 
Hydrodynamics and the resulting fluid-flow pattern significantly 
affect the performance of a given reactor. Typically, residence time 
distribution and mixing time studies are conducted to assess mix-
ing in process vessels. Mixing time is defined as the time taken to 
achieve a certain fixed degree of homogeneity (say 99.5%) in the 
system (Figure 1). The experiment involved determination of mixing 
time by pH method in a stirred tank (Figure 2 and Table 1). In this 
experiment, 1.5 L of double-distilled water was added to the tank 
and the initial pH [pH(0) at time = 0] was noted. A known molarity 
of sodium hydroxide solution was used as the tracer. 10 mL of tracer 
was added and the pH value [pH(t)] was recorded every 
5 s using a pH probe. The experiment was conducted 
at a fixed rpm of 50. The pH readings were noted until 
steady state was reached. Three trials were conducted. 
The mean steady state pH was calculated, and was used 
as the ‘pH at infinite time’ [pH(∞)] in order to obtain 
normalized pH (pH∗) following Eq. (1).

pH* =
pH t( ) − pH 0( )
pH ∞( )− pH 0( )

1( )

From the plots of normalized pH (pH∗) versus time, 
the time required to achieve normalized pH = 0.995, was 
taken to be the mixing time of the stirred tank at given 
conditions. Thus, students will understand how to quantify 
the mixing time in a given process vessel. The experiment 
can be repeated by changing the rpm, impeller types or 
the position of impeller. This will enable students to as-
sess the effect of rpm, impeller type 
(axial or radial flow), and geometry 
on mixing time.

Safety tip: Sodium Hydroxide 
is hygroscopic and corrosive. 
Prolonged exposure causes severe 
skin burns and eye damage. Usage 
of suitable gloves and eye/face pro-
tection is required to model proper 
safety precautions. p
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This one-page column presents practical teaching, advising, and diversity tips in sufficient detail that others can 
adopt the tip. Focus on the teaching method, not content. The column should be maximum 550 words, but subtract 
50 words for each figure or table. Submit as a Word file to Phil Wankat <wankat@ecn.purdue.edu>. 

TABLE 1
Equipment dimensions

Equipment Material of Construction Approximate Dimensions

Stirred Tank Borosilicate Glass 
Diameter (T) = 14 cm, 
Height (H) = 21 cm, 
Capacity = 3 L

Impellers: Rushton turbine Stainless Steel Diameter (D) = 5 cm; 
No. of blades = 6

pH Probe Glass Position from axis of shaft = 6 cm

Figure 1

Figure 2

Figure 2. Schematic sketch of the stirred tank.

Figure 1. Typical plot of normalized pH vs. Time.

Are Our Students Studying Effectively?
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    To best advise our students on how to study, particularly students who ask how they can better prepare for the next exam, we 
should be aware of studies on how students learn and how they should study.  Most chemical engineering students who attended 
How to Study/How to Learn workshops in our department indicated that they use some ineffective study methods, including:

•	 Rereading the textbook

•	 Underlining and highlighting the textbook

•	 Reviewing notes before an exam

•	 Rereading solutions to an assignment before an exam

    Instead, studies show that the most-effective way to learn is practice testing, also known as active retrieval.[1]   Activities that 
require students to retrieve or generate information make learning more durable.  That is, students who read something and 
then try to retrieve that information retain more than students who spend the same amount of time rereading.  This means, for 
example, that to prepare for an exam, students should try to solve assignment problems again, rather than look at their solutions.  
That is, the best preparation for an exam is to do the same thing that they will do on the exam.  Practice testing improves learn-
ing for facts, concepts, and problem-solving techniques.  In contrast, rereading the textbook, reviewing notes, and rereading 
solutions to assignments can result in fluency illusion; the material looks familiar when reviewing or rereading, but recall is 
different from recognizing.  Rereading does not result in durable memory.
    In addition to practice testing, recently-published books on how students learn [1-3]  recommend that students use:

•	 Spaced practice or distributed learning: studying 30 minutes a day for three days is better than 90 minutes on one 
day. Retention was slightly worse for distributed learning compared to massed learning (all in one day) when students 
were tested after one day, but some studies show retention was a factor of two (or more) better for distributed learning 
when students were tested after one week.

•	 Interleaving: performance on a test one week later was higher for student who switched between types of problems 
instead of repeatedly solving the same type problem. 

•	 Self-explanation: when students explain to themselves how new information is related to known information, explain 
steps during problem solving, or ask “why?” or “what if?”, their performance can be as much as three times higher on 
abstract transfer problems.

•	 Percolation: starting work on a project early and then stopping when stuck helps students solve the problem after a 
delay.

     Studies also show that studying in different locations can significantly improve retention, and that students should take 
breaks instead of studying several hours non-stop; e.g., study for 25 minutes, take a 5-minute break, repeat.  Moreover, both 
exercise and getting sufficient sleep significantly improve retention.  Studies show that exercise improves memory, enhances 
growth of hippocampus cells, reduces stress, and improves the ability to focus.  Sleep is a memory aid, both before and after 
learning.  Moreover, in one study students were given a series of math problems, along with a method to solve them.  After a 
12-hour delay in which the students were awake, 20% discovered a shortcut method to solve the problems, but 60% of students 
who slept for 8 hours during the delay discovered the shortcut.
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