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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.

Group Quizzes to Promote Collaborative Learning
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Have you ever asked students in your class to form groups and work through an example problem?  When I do one of these 
in-class exercises, I find that students split into three camps:  some initiate discussion but become distracted with side conver-
sations, others sit back and wait until the solution is posted/discussed in class, and a few actively work through to the entire 
solution.  However, as soon as I announce that the example problem can be turned in as a group quiz, the entire class adopts 
the mentality of the third camp, which is fully engaged in collaborative learning.  

	There are many recognized benefits to collaborative learning[1] including:

•		 Development of problem-solving skills

•		 Increased student participation

•		 Increased interaction, especially among diverse perspectives

•		 Improved student understanding 

•		 Preparation for future, team-centric work environments

Because of the many benefits, I conduct in-class group quizzes almost every week.  I begin by handing out individual copies 
of the quiz, and ask the students to take a few minutes to silently read the quiz and strategize how they would solve the problem.  
This is followed by a brief discussion period (in groups of no more than three students) where the students are not allowed to 
write, but instead are instructed to brainstorm and discuss how they will solve the problem.  When the students begin to solve 
the quiz, only one student is allowed to write – forcing them to collaborate.  Students are allowed to discuss their strategies 
with other groups; the classroom becomes quite noisy and sometimes passionately argumentative.  After the first group quiz, I 
have observed that this behavior carries over to the other class sessions when we work through example problems that are not 
quiz-based.    

	I have given group quizzes for quite a few years now, and I have found that students benefit in multiple unanticipated ways:  

•	 Students have reduced anxiety associated with individual assessments such as quizzes and exams.

•	 Because of the frequent quiz interactions, I have found that these same groups work together outside the classroom in 
study sessions, homework assignments, and projects.

•	 Students get additional practice solving “test” problems between exams.

•	 Stronger students learn while orally explaining their solution strategies to group members.

•	 Group discussion allows weaker students to learn how successful students approach problems.  This is particularly 
helpful – unlike simply watching an athlete or musician practice and perform, the rich discussion allows weaker stu-
dents to understand their colleague’s thought process.  

•	 Weekly quizzes motivate the students to engage with the course material, to keep up with the homework assignments, 
and to attend class more regularly.   

Some of my colleagues have asked if these group quizzes lead to grade inflation.  In my class, quizzes count for ten percent 
of the grade, and about 80% of my quizzes are group quizzes, so altogether they are a small percentage of the students’ final 
grade.  Overall, I have found that the collective benefits of collaborative learning are well worth the time invested in preparing, 
conducting, and grading group quizzes.    
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